These are the comments of Reviewers A and B, with Gleick’s responses in RED

Reviewer A

Review of Improving Understanding of the Global Hydrologic Cycle by P.H. Gleick et al.
It is a very well-written, scientific and technical correct, relevant and significant contribution.   Here are just a few suggestions to improve:
[Famiglietti, Wood, Lettenmaier] The report does not mention one of the most debated challenges, on the transition from research to operation (see NRC Decadal Survey by Moore and Anthes) of satellite observations, with different requirements and resources.

[Thank you for this comment. The authors considered this difficult question. While ultimately this is an interagency/funding challenge, we agreed to add a short discussion about it, including the sentence:
“We recognize the programmatic challenges facing federal agencies such as NASA that wish to transition research satellites and sensors to operational sensors to be operated by others (such as NOAA and DoD), and the challenges to these agencies to produce climate-quality, research data sets from their operational satellites.”]

[Lettenmaier, Wood] The report touches on CLIVAR and CLIC as WCRP project related to GEWEX (Line 111), but does not discuss the challenges in relating terrestrial variability to those of the ocean and cryosphere after that.  


[Added a sentence on these challenges, and reference to Lettenmaier and Milly 2009 as an example.]
[Done] The discussion of Lines 214-216 should include ocean surface salinity

[Done] Line 484 should include radar backscatter (in active instrument) in addition to radiation (from passive instruments)

Reviewer B
Congratulations to the authors for such a good job of tackling a very complex subject in a relatively executive-overview fashion. It's really quite well done. The strong weight toward advocacy of data collection, on the ground and from space, is appropriate. The identification of human effects on the water cycle is properly identified as a focal point for community efforts. I have some points (mostly, but not exclusively, minor) that I share in what follows. The order is based on the order of material in the paper, and says nothing about priority or relative importance of my comments.

The paper has two titles in sequence, one using the term "hydrologic" and the other "hydrological!" Actually, hydrology is the study of water on earth, and the associated adjective refers to that study rather than to water, so "hydrologic(al) cycle is not a sensible term. "Water cycle" is simpler and more accurate. [Changed to “Water Cycle”]

The text generally reads smoothly, but there is always room for improvement. Examples from the first paragraph: It is strange to speak of "land-surface feedbacks" when a focus on the atmosphere has not been (and should not be) established. Removal of that phrase would also eliminate redundancy with "Complex feedbacks" in the following sentence. [Done] Reference to "heat" rather than "energy" balance seems rather unnecessarily limiting. [Changed] What distinguishes water's three "fundamental" phases from the other phases? [Deleted] If there are non-fundamental phases, in fact, I'd rather not know, and I suspect most readers would rather not either, so this word seems problematic. The final sentence of the paragraph implies that "economic prosperity" is a "core...problem of our time." (I actually might agree with that partially, but I don't think most people would! I doubt it is what the authors intended.) [Changed to “issues”]

Occasionally (e.g., lines 41-43), the draft monograph runs the risk of "asking for it all," thereby undermining the focused points made elsewhere.

Line 164. I think the authors unintentionally undermine their message with this statement. It can be read as saying that we will always be whining about data inadequacy, so don't help us, because we will never be satisfied. [Removed]

Lines 178-182 reads a little odd, as if atmospheric rivers were a new phenomenon. The recognition of their existence, if anything, provides a new opportunity, rather than presenting a new challenge. [Changed to “opportunity”]

Lines 183-186 say we need to transform (inverse-problem-wise) measured discharges to runoff fields. That might be useful in some applications, but, from my point of view, it doesn't seem like something to highlight in this high-level document. (For model evaluation, at least, I would argue that it is better to compare direct measurements of apples with modeled apples, rather than try to estimate oranges from the measured apples. Any disaggregation method will need to deal with many physical processes, and these processes will also be dealt with in comprehensive models. It just seems like we will be setting ourselves up for another situation where results from inconsistent models will obscure, rather than shed light on, the matter under study.) [Edited]

Line 199. The direct need for, and even the meaning ("ocean-moisture flux," what is that?), of the ocean observations for hydrology. Of course, everything is connected, but where are the boundaries of the domain addressed in this document? [Modified, but left – different reviewer encouraged even MORE on ocean connections. We think this is appropriate to leave in.]

Figure 2 doesn't appear to be designed to show the overlap (redundancy) of daily and monthly records. This would seem to be a better way to display the information, and shouldn't be too difficult, I think. [This point is partly true, but there are different purposes for daily versus monthly data, and often different collection points, so we will leave this as is. Moreover, it is NOT easy to show such overlap, given the information that is available…]

Throughout the document, satellite gravimetry (over land) seems to be equated with groundwater storage, and it is even purported to provide "details" on "flow" of groundwater. In fact, the measurement (after various stages of analysis and corrections) is one of total mass, which has major contributions at various time and space scales from groundwater (i.e., saturated zone), soil water (i.e., near-surface, plant-available water), deep unsaturated-zone water, snow pack, and surface waters. 
[This comment was addressed in the GRACE inset by some working changes that more directly state that GRACE monitors total changes, and that with other in situ and remote observations, can be used to improve monitoring of phenomena like groundwater depletion.]

The modeling section is confusing in the introductory discussion of parameterization and resolution. What key processes will make a transition from parameterization to explicit representation in the proposed increase of resolution? And how is this a first-order issue for WCRP? I am not arguing against anything, I am just not clear on what is being said. Related, it is not clear how much of the advocated (stand-alone, atmosphere-decoupled, I think) work is of first-order relevance to WCRP. It is important, but is it the most effective way to proceed? Possibly the strategy just needs to be articulated better. See also my final comment below.
[We’ve also added the following in the text: “GEWEX’s scientific strategy includes improved prediction, which includes a pathway for improved land surface models that include human activities – the Earth System paradigm.  To represent this, resolution must increase, and the schemes need to be tested off-line before they are coupled.”]

[The sentence in question doesn’t imply explicit representation with increased scale as implied by the reviewer, but processes that aren’t captured by weather and climate models resolutions.  We added an example related to landscape heterogeneity that isn’t captured, namely evapotranspiration along riparian corridors in semi-arid landscapes.  Most ET comes from these areas but the weather and climate models completely miss this. ]

Line 668. I wonder if "acceleration" is the best terminology to describe the response of the water cycle. It is not a term one often hears these days among climate scientists. By some measures, it is arguable that the cycle decelerates. I wouldn't use either term, but rather be specific about any effects hypothesized and/or detected at various space and time scales. [Yes, language has been changed.]

Lines 799-801. I understand the practical imperative, but I am hesitant to trust hydrologists with the development of parameterizations of water adaptation by society. Ar we to predict the changes in water governance, subsidies, markets, design criteria...? Shouldn't we at least try to crawl (use plausible scenarios) before we try to run? [Agreed: language changed]

Line 803-804. I would definitely remove "perhaps" and re-order these thoughts. [Done]

Line 823-825. This is a thought that is part of a larger issue of integrating scientific communities, and it is not developed at all in the document. Just one supporting point: hydrologists to date often have shown remarkably little understanding of energy balance principles and land-atmosphere feedbacks in the design and execution of methods to perform impact analyses by use of climate-model output data. A chain is only as strong as its weakest link, and I would argue that this is a very weak link in the big picture, at least within the physical domain of interest (i.e., excluding societal issues at the input and output end). [Agreed, rewritten]
Reviewer C (separate file, attached)
