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This article engages an important topic–integrating climate change impacts on hydro-
logic systems into hydropower planning and management in the Far North regions of
the world. The article is a well-written synthesis of current literature and an adequate
presentation of best practices and recommendations for further incorporating climate
data, predictions, and uncertainty analysis into hydropower planning, licensing, and
operations management.

I have three major concerns about the manuscript and suggestions for revision that are
likely easily addressed:

1) There are no specific methods indicated that convey any rigor or robustness in your
literature review. The contribution of this article is very much tied to your literature re-
view and the synthesis thereof. Thus, I would expect (likely in Section 2.1, or perhaps
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in a standalone methods section) that the authors describe “how” this literature review
was approach and what methods were employed to ensure that the literature review
was comprehensive, robust, and replicable. This section does not have to be long,
likely a paragraph, but it is necessary to comment, for example, on what databases
were employed; what key words, phrases, or text combinations were searched; how
the literature was organized; and if/how the detailed analysis of literature was ap-
proached, e.g., deductively, inductively, or both. If both, what important themes were
emergent from the literature as opposed to those already conceptualized by the au-
thors. A discussion of this caliber is necessary to ensure the reader that your review is
comprehensive, and thus your findings more meaningful.

2) There is little to no context provided for the proposed Susitna-Watana dam project
that you reference in the article. As far as I can tell, you reference this proposed project
briefly, only three times in the text: lines 18-19 on page 2; lines 2-9 on page 11; and
in the conclusion, page 17, line 7. You also cite it as a keyword–which I think at this
point is misleading. It seems to me that your reference to the project is an attempt
to ground your findings and suggestions in a real-time need and potential application.
If that is the case, great, but for the reader’s sake (who, given your larger scope of
the “Far North,” will likely not just be from Alaska) please include appropriate context
describing the project, including its specific geographic location; important biophysical
parameters (river flow, potential storage, potential generation capacity); current project
status (planning phase, licensing, construction, etc.); proposed biophysical and social
impacts; and even perhaps a map. Currently, there just is not enough information
provided for the reference to this proposed project to be meaningful, and instead, it is a
distraction. One option is to remove reference to the project altogether. Another would
be to keep it as an example, specifically on page 11, but to use it as an opportunity
to expand on the current process for developing hydropower projects (specifically in
the U.S.) and how/when further estimating and reducing uncertainty could be better
built into the process. This approach could potentially hold true for the proposed “best
practices” as well. The Susitna-Watana project context could be used to describe
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“how” the proposed best practices might be operationalized in the planning stages of
hydropower development in the Far North. The way the authors currently reference the
project on page 2 and in the keywords may lead the reader to believe that this is a case
study that will be explored within the article, and this is not the case.

3) Best practices could (and in my opinion should) be further discussed in terms of
“how” they may be operationalized. Your reference to engaging boundary organiza-
tions for this purpose is not adequate. For example, in Section 4.1, who do you pro-
pose would organize and pay for this type and level of instrumentation, monitoring, and
ongoing analysis? Would this be a term of licensing imposed on the operator? What
about in Far North countries (e.g., Russia) where there may be a lack of political will
to impose such terms? Would this instead be undertaken by governments in prepa-
ration for licensing? Is there political will and enough economic incentive to support
this? (I realize your argument about the long-term economic viability of these best
practices, but funding decisions for this type of work are made by political actors who
mostly rely on short-term economic gains to retain public office.) While I agree that uti-
lizing boundary organizations spanning stakeholders (from operators to regulators) is
a novel approach to bring data monitoring and analysis capacity (and transparency) to
this complex problem in a more flexible and adaptive manner, your approach to convey-
ing this in the article did not comment on “how” this might occur. You simply referenced
the existing organizations that could potentially serve as boundary organizations. How
should stakeholders at different scales best engage these resources? While the an-
swer is obviously context dependent, are there good examples in the literature of how
one or more of these organizations is current serving in this capacity in the Far North?
Could you employ an example to support your suggestion and the underlying assump-
tion that this would work to support the integration of climate change information into
hydropower planning?

Minor comments aimed at improving the manuscript for publication:

-Page 2, lines 16-18: does Figure 4 only suggest “the impacts of a changing climate,
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or a misalignment of infrastructure and resources, or both”? Could Figure 4 not also
suggest some of the issues you raised earlier in the introduction such as in-stream flow
regulations (page 1, line 31) as well as the associated social concern about impacts
to related biophysical resources such as aquatic habitat and ecosystem diversity and
connectivity, which includes the political to protect these qualities in certain geogra-
phies.

-Page 3, line 4: have you established that there are “barriers to th[e] process” of “inte-
grat[ing] climate change science into hydropower management”? Can you make these
barriers more explicit, either here in the introduction or elsewhere in the paper?

-Page 3, lines 20-26: I suggest either condensing this paragraph and adding it to the
introduction or removing altogether as unnecessary.

-Section 2.2: I think this section could be substantially shortened. Condense your
review of these studies into important, concise points and relate them more directly to
hydropower as you do in Section 2.3 (see page 6, lines 29-30 for what I think is a great
example of how you explicitly tied the literature review of climate impacts directly to the
hydropower discussion that is the focus of this article).

-Page 4, line 23: remove all unnecessary, colloquial text such as “Suffice it to say. . ..”
See also, “By and large” (page 12, line 11), and the rhetorical question and answers of
page 17, lines 17 and 24.

-Page 4, line 23: what is the purpose of the phrase “from first principles” here? This is
unclear.

-Page 7, line 5: perhaps insert “yearly” after “increasing” to add clarity to this concept.

-Page 7, lines 31-34: these concepts require citations within the paragraph, not just at
the end.

-Page 9, lines 4-23: I encourage you to align citations (from lines 1-2) with the specific
techniques (or multiple) that they are most associated with. This will help readers more
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easily identify specific citations of interest for further investigation with regard to these
specific tools/techniques.

-Page 10, line 16: is this the first time the acronym NOAA is used? If so, please spell
out.

-Page 11, lines 2-9: as previously mentioned, more explanation of the U.S. hydropower
licensing process here might be helpful for international readers–if you decide to keep
this example.

-Page 13, line 24: how do you define “adaptive licensing” in this context? How is
it different from adaptive management built into (or as a condition of) the licensing
process/actual license?

-Page 14, line 1: what do you mean by “Robust strategies” in this sentence? This
seems vague.

-Page 14, line 20: why wouldn’t you place footnote #4 here, upon first mention of the
term “boundary organizations”?

-Figures 2-3: what is the purpose of “*100” and “*10” behind “Alaska” and “Finland”
respectively in the legends of these figures?

-Figure 5: what does the grey-striated (diagonally-stripped) area of this map mean? It
is unclear from the legend and Figure caption.

-Figure 6: could you replace “drawing” in the figure caption with “graph” for clarity?
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