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Executive Summary

Project A focuses on the quantity and quality of streamflow and the interactions between flow regulation and the movement of sediment and other components of the downstream ecosystem. As such, it is fundamental to the entire program of adaptive management for Glen Canyon Dam. It also offers potential to collaborate with all the other projects in the program. The proposed work plan for the next period 2025-2027 is nearly identical to the work plan of the previous cycle of 2021-2023. The new proposal would benefit from a revision of the science/ research questions, at least, from general goals articulated in previous documents, to a more pointed focus corresponding to the next period of work, based on knowledge gained so far. Such an effort would help the team extend beyond a campaign of measuring, compiling, and serving data, which is useful, but perhaps sufficient capacity is now achieved in the framework to increase the analytic rigor toward a comprehensive review after FY 2025-2027 work cycle. Doing so would also accelerate the contributions of the project toward adaptive management of the resources and identification of management actions. The proposed work is entirely feasible and consistent with the goals established by the 2016 LTEMP Record of Decision. The relative priorities and budgetary levels also appear logical, even as some components are listed as unfunded. 


Review Comments

This project in the Glen Canyon Dam Adaptive Management Program lies at the core of adaptive management in the Colorado River Ecosystem. That is, the prescribed streamflow downstream of Glen Canyon Dam and associated water quality and movement of sediment have potential to affect all the priority resources identified. As such, the data collection, monitoring, and understanding gained from the research are essential and requisite to all components of the management program.  

The proposed plan for 2025-2027 specifically targets support for the goals of nine priority resources identified in the 2016 Glen Canyon Dam Long-Term Experimental and Management Plan (LTEMP) and its Record of Decision: #1 Archaeological and Cultural Resources, #2 Natural Processes, # 3 Humpback Chub, #4 Hydropower and Energy, #6 Recreational Experience, #7 Sediment, #9 Rainbow Trout Fishery, #10 Nonnative Invasive Species, #11 Riparian Vegetation. Except for Sediment (Priority Resources #7), however, the support for the goals of the numerous resources in this project is indirect, in that data are produced for the use of others, but they are not analyzed in this project to gain understanding explicitly about those resources. 

The proposed plan is a continuation of the previous period of work. In fact, the proposed work plan submitted for the next three years is nearly identical with the plan approved for the previous three years (Glen Canyon Dam Adaptive Management Program Triennial Budget and Work Plan Fiscal Years 2021-2023)—word-for-word throughout the entire document with only a few additions and modifications. The nearly identical plan is a bit surprising, to this reviewer, in that it would seem expected (and helpful for the review process) for the new work plan to more clearly and explicitly summarize the work accomplished in the previous work period, the outstanding (if any) tasks remaining, difficulties encountered, and, importantly, to pose explicit research questions and hypotheses relevant for the next period of work, based on results obtained from the previous cycle of work.

To elaborate, the “Hypotheses and Science Questions” section (p.2) does not pose viable and explicit research questions, let alone corresponding to the proposed period of work. The first hypothesis offered—“Glen Canyon Dam can be operated such that the sand resources in the Cre are sustainable”— is a simplistic yes/no question toward a general goal for the entire 20 years of the program. As the authors stated, the hypothesis is paraphrased from the LTEMP EIS and earlier goals formulated by the GCDAMP. Thus, why not pose more specific research questions linking to the parameters of THIS project for THIS period of work, based on data collected and knowledge gained so far? 

I note that the hypotheses and science questions (section on p.2) are identical to those stated in the previous work plan for 2021-2023. So, the issue arises as to what progress has been made in the preceding years that would enable more precise questions and hypotheses for the upcoming years?

Similarly, the second hypothesis offered (p.2)—“Glen Canyon Dam can be operated such that the other Cre resources affected by dam operations can be sustainably managed.”—is another yes/no closed question and a general goal of the 20-year program. Additionally, as the authors acknowledged, this hypothesis is not addressed in Project A—the proposed work provides data for water quality and quantity for potential use by other projects in the program. 

Thus, I suggest that the proposed research and work plan could be strengthened considerably by posing viable and more pointed questions and hypotheses, with corresponding methods of data collection and analysis to answer the questions during the upcoming three years of work. 

For example, if previous work found that maintenance of sand bars requires matching above-average periods of sand supply in tributaries and below-average dam releases, can the authors develop questions and hypotheses to nail down possible periods or scenarios for this match? Can the authors set up ways to constrain and test these scenarios (potentially collaborating with Project B) toward concrete policy recommendations?   

Without more focused research questions and testable hypotheses, Project A at this stage still comes across as a large campaign of collecting and measuring data. Although amassing data and making them available on the project website is fundamental and useful for other projects and the research communities in general, the project seems ripe for the team to aim for a more analytic focus toward a comprehensive review of results and possible recommendations after completion of the upcoming work cycle.

 
Regarding the specific five topics for comments from reviewers:

1. Having stated the above—re the clarity and scientific quality of the proposed work and the (somewhat limited) extent of assessing the status of resource trends and effects of experimental and management actions— the proposal is entirely consistent with the goals established by the 2016 LTEMP Record of decision.

2. Given that the proposed work is somewhat open-ended largely as continuation of current work (without clear questions and viable hypotheses for testing), the team will accomplish what they will be able to complete along the general goals. I note that the expected products offered, aside from collecting and serving data, seem to have little clear connections to the preceding paragraphs in the document (see also below), such as a paper describing the laser-diffraction measurements funded by GCDAMP during FY 2001-10, and another on the conditions that lead to hyperconcentrated flows in the Paria River. I also note that at least one proposed product is carried over from the previous plan of work. 

3. The proposal for 2025-2027 has shifted some budgetary commitments from the previous cycle to other projects. Ten pay periods for Investigator Dean are now proposed for Project C.4, and computer-science support for Project A are now proposed for Project K. As such, the majority of funding for Project A supports salary. The distribution across elements seems logical. 

4. Regarding contributions to the adaptive management of resources and the experimental and management actions prioritized in 2016: The analytic work completed during the upcoming 2025-2027 cycle should provide clearer contributions, beyond collecting and compiling useful data.

5. Regarding the likely readiness for the project to undergo a comprehensive review of its accomplishments after the FY 2025-2027 work cycle: The team is encouraged to increase its analytic focus and articulate more clearly its accomplishments and contributions to adaptive management and management actions, beyond collecting and serving data.


Specific comments and suggestions (in CAPS keyed to document):

P 1, para 1 (The primary linkage…): Project A thus collects the physical data the directly AND INDIRECTLY link dam operations…

The only thing that is important in this section is the recognition that Project A is the only project that collects the data that directly links dam operations to downstream resources.  No change made.

P 1, para 1 (The primary linkage…): Two of the metrics proposed…  (WHICH TWO?)

These proposed metrics are described in the text below. No change made.

P 2 para 1 (at end): The work proposed in this current work plan is therefore that required to address this important conclusion (IT FOLLOWS THAT THE NEXT SECTION OF SCIENCE QUESTIONS AND HYPOTHESES SHOULD POSE QUESTIONS SPECIFICIALLY BUILDING ON THIS IMPORTANT CONCLUSION)

The first hypothesis listed, “Glen Canyon Dam can be operated such that the sand resources in the CRe are sustainable,” is the hypothesis that guides the sediment work conducted under Project A and continues to be the working hypothesis that addresses the conclusions of Topping and others (2021) amd Griffiths and others (2024).  No change made.

P 2 para 2 (Hypotheses and Science Questions): AS OUTLINED ABOVE, THE QUESTIONS AND HYPOTHESES SHOULD BE OFFERED/ REVISED FOR THIS SPECIFIC PERIOD OF WORK IN PROJECT A.

This comment and the referred to “outline above” are somewhat inappropriate. Project A is designed for long-term testing of the listed hypotheses, primarily hypothesis one. Although incremental progress on testing these hypotheses may be possible during the periods of individual workplans, it is not possible to fully test these hypotheses nor develop shorter-term hypotheses that can be tested during any one three-year period. The primary reasons for this problem are that we have no control over nature nor over Reclamation’s chosen dam releases. We cannot order up large sand supplies from the Paria River, and Reclamation choses dam releases largely based on snowpack and reservoir elevations, not based on our science needs. 

To attempt to address this comment, however, I did make the following changes to the text. I inserted the words “long-term” in the first sentence so that it now reads as, “There are two key hypotheses that guide the long-term monitoring and research conducted under Project A.” I also added the following sentence before the last sentence in this section: “Annual updates on the status of the segment-by-segment testing of the first hypothesis are provided at each Annual Reporting Meeting.” This sentence was added to clarify that incremental testing is possible and updates are provided on this progress.  Finally, I similarly edited the last sentence to clarify that annual updates on the testing of hypothesis two are also provided.

P. 3 para 1 (first sentence): measurements ended in the early 1970s (WHY?)

No change made to the text because of the limited scope of the workplan that only requires that the reader know that long-term sediment monitoring ended in the early 1970s.  The daily sediment data collected at the gages by resident USGS hydrographers ended because it was costly and no longer deemed needed. These data were funded by Reclamation to inform them on the sedimentation rates in the reservoirs planned for the Colorado River. Once both Hoover Dam and Glen Canyon Dam were constructed, and the Grand Canyon dams were cancelled, these sampling programs were terminated.  

P. 4 para 3 and P. 5 para 2: THE FOCUS IS ON SAND THROUGHOUT FROM THE INITIAL 2016 DOCUMENT. CAN THE AUTHORS HELP READERS UNDERSTAND THE PRESENCE AND ROLE OF GRAVEL, IF ANY?

Gravel tends to accumulate under the reduction of high flows caused by operation of Glen Canyon Dam, as mentioned in a number of papers by other authors. Gravel is not mentioned because it cannot be managed and there is no LTEMP goal for gravel. No change to the text made.

P. 6 Figure 1: I AM SORRY BUT THE MAP IS ILLEGIBLE EVEN ON THE PROJECT WEBSITE. WOULD BE HELPFUL TO SEE THE TRIBUTARIES (LABELED), GAUGING STATIONS, AND EVEN GLEN CANYON DAM CLEARLY MARKED. A SCALE WOULD ALSO HELP READERS UNDERSTAND THE EXTENT AND MAGNITUDE OF THE PROCESSES.

No change made.  The map provided in figure 1 is the sediment-budget map on Project A’s website.  Changes to this map are not possible without the programming assistance that has been lacking since 2019.  Ideally, the map would be dynamic, with the names of features appearing as the user zooms in.  Funding the Computer Scientist position in Project K could make these changes possible (this position remains unfunded at this time).  

P. 7 para 2: FOR EXAMPLE, WHERE IS PARIA RIVER ON THE MAP?

No change made. Please see my response to the previous comment. The Grand Canyon station map on Project A’s website is somewhat dynamic, so the names of rivers does appear as you move the mouse cursor over the stations on that map.

P. 7 para 2 (end of page): THESE DETAILS RE TIMING OF HIGHER AND LOWER DAM RELEASES COUPLED WITH SAND SUPPLY CONDITIONS ON THE TRIBUTARY SHOULD SUPPORT DEVELOPMENT OF SPECIFIC FOCUSED RESEARCH QUESTIONS AND HYPOTHESES FOR THE NEXT PHASE OF WORK.

No change made. Please see my above comment on the fact that we cannot control the tributary sand supply nor how Reclamation releases water from the dam. We will opportunistically address this issue in any one year as conditions allow.

P. 8 (last sentence): … the six user-interactive mass-balance sand budgets on Project A’s website: I DO NOT SEE THESE ON THE WEBSITE.

I edited this sentence to include the url for the page where these sand budgets are located.  It now reads as, “These streamflow and suspended-sand data are used to compute the sand loads that are, in turn, used in the six user-interactive mass-balance sand budgets (Topping and others, 2021) served on Project A’s website (Sibley and others, 2015); sand budgets located at: https://www.gcmrc.gov/discharge_qw_sediment/reaches/GCDAMP.” 

p. 9 (para 1 and para 2): These sand budgets… comparisons of our continuous mass-balance sand budgets… (UNCLEAR WHAT THESE ARE)

See edits in response to previous comment. I also edited this sentence so that it now reads as, “These sand budgets (described in detail in Topping and others, 2021) are used to evaluate the near-realtime continuous effects of dam operations…”

P. 9 (para 4): 10 pay period of David Dean’s salary shifted to Project C.4. DOES THIS SHIFT LEAVE SOME ASPECTS OF PROJECT A UNSUPPORTED?

David Dean is still funded for 6 pay periods to support his PI role in Project A and continue to work on Little Colorado River sediment issues (for example, see Table 1). His possible loss of salary in Project C would only affect Project A if David needed to move away from Flagstaff to work on Detail on other projects when he was needed in Flagstaff to help operate Project A (especially during the busy summer thunderstorm season when sampling help is needed on multiple tributaries).  

P. 10 (para 1): It is the cheapest, most-efficient monitoring network required to address the LTEMP… WHAT DATA/ EVIDENCE SUPPORT THIS STATEMENT?

I revised this sentence to be a little less definitive and added a new sentence at the end of this paragraph to estimate how much this project would cost if we had continued to use “old school” methods.  This section now reads as, “It is now likely the cheapest, most-efficient monitoring network required to address the LTEMP sediment goal and support nine other LTEMP goals. This network relies extensively on 1) new technologies to automatically monitor streamflow, water quality, and sediment, and 2) cost sharing to reduce costs while not sacrificing the data accuracies required by the LTEMP goals. Collecting the data for Project A using only conventional sampling methods instead of incorporating new technologies would require an annual budget in excess of $9 million.”

P. 10 (para 3): A map showing locations… THE EXISTING MAP IS PARTLY HELPFUL BUT IT NEEDS A LEGEND AND LABELS (FOR EXAMPLE WHAT ARE SOLID GOLD COLORS VS GRAY COLORED CIRCLES)

Please see my previous response in regard to lacking computer-science support. I added the following sentence to the text to address this question. “The gold circles on this map depict the active stations where data are currently collected; the gray circles depict the inactive stations where data were collected historically.”

P. 12 (para 3 and 4) and P. 13 (para 1): Gaging stations at river miles… and on major tributaries (NOT MEANINGFUL TO READERS UNLESS SHOWN ON MAP/ FIGURE 1)

Please see my previous response in regard to lacking computer-science support. I added a call to Topping and others (2021) to address this comment. These stations are all located and defined in that paper.

P. 13 (para 3): All gaging stations… are used to directly OR INDIRECTLY address LTEMP goals.

“Indirect” not needed as stated previously.  No change made.

P. 14 (para 1) and elsewhere throughout document: … funds collection, serving, and interpretation of … THE PROPOSAL PROVIDES LITTLE DETAIL ON THE “INTERPRETATION” OR ANALYTIC PART OF THE WORK.

I inserted a sentence in the section for Project Element A.3 to address this comment. “Examples of the analyses used to inform these interpretations can be found in Topping and others (2010, 2019, 2021) and in the other 103 peer-reviewed articles, reports, and books published by Project A since its inception; publications listed and available at: https://www.usgs.gov/centers/southwest-biological-science-center/science/river-sediment-dynamics.”

P. 15 (last sentence): … measurements… used in construction and evaluation of mass-balance sand budgets, and are used to trigger, design, and evaluate HFEs. MORE DETAILS OF THESE METHODS TO ANSWER SPECIFIC QUESTIONS POSED WOULD BE HELPFUL. FOR EXAMPLE, HOW WILL DATA COLLECTED EVALUATE HFEs? WHAT POLICY RECOMMENDATIOS ARE POSSIBLE AS A RESULT OF THESE EVALUATIONS?

I added references to the end of this sentence to address this comment. This sentence now reads as, The continuous suspended-sediment measurements at the six main-stem Colorado River gaging stations, and the episodic suspended-sediment measurements in the tributaries are all used in the construction and evaluation of mass-balance sand budgets, and are used to trigger, design, and evaluate HFEs (Topping and others, 2010, 2019; Grams and others, 2015).”

P. 16 (para 1): … now being used to inform river management across the United States and in Europe. REFERENCES/ EVIDENCE TO SUPPORT THIS STATEMENT?

I added 7 references to support this statement. This sentence now reads as, “In addition to informing river management in the GCDAMP, our acoustical method pioneered in the Colorado River is now being used to inform river management across the United States (Dean and others, 2016, 2020, 2022; Topping and others, 2018, in press; AuBuchon and others, 2023) and in Europe (Marggraf and others, in review).”  I also added these references to the reference list.

P. 16 (para 16): … measurements are used to calculate the sand loads used in sand budgeting and also used to calculate continuous measures of bed-sand grain size… DESCRIBE METHODS OF CALCULATIONS. 

I inserted the reference that describes these methods. This sentence now reads as, “The continuous measurements are used to calculate the sand loads used in sand budgeting and also used to calculate continuous measures of bed-sand grain size using the method of Rubin and Topping (2001, 2008).”
  
P 16 (para 3 and last sentence): … to design HFEs… WHY STILL IN DESIGN PHASE FOR HFEs? AFTER 10 YEARS ONE MIGHT EXPECT RESULTS AND MANAGEMENT ACTIONS.

There is no generic HFE design. Individual HFEs are designed based on the sand that accumulated in Marble Canyon during the season prior to the HFE.  I added another reference that explains this process.  This sentence now reads as, “HFEs are triggered and designed based on the Paria-supplied sand that accumulates in Marble Canyon during fall and spring implementation windows (U.S. Department of the Interior, 2016a, Grams and others, 2015).”

P. 17 (para 2): … required to verify HFE effects on sediment. WHAT POSSIBLE EFFECTS?

I rewrote this sentence to address this comment.  It now reads as, “This work is required to evaluate the effects on sediment of individual HFEs (for example, Topping and others, 2010, 2019).” 

p. 18 and P. 19 : … MANY OF THE EXPECTED PRODUCTS SEEM DISCONNECTED FROM THE PREVIOUS PAGES OF THE DOCUMENT. IF THE PROPOSED PAPERS, FOR EXAMPLE, REPORT RESULTS OF THE WORK DESCRIBED, THEN THOSE TOPICS SHOULD FORM RESEARCH QUESTIONS AND HYPOTHESES FOR THIS PLAN, OR AT LEAST, ONE WOULD EXPECT THEIR IMPORTANCE AND CONNECTIONS OUTLINED IN THE DESCRIPTION AND METHODS OF THE WORK. TIGHTENING THIS UP WOULD HELP MAKE THE PROPOSAL A MORE COHERENT AND A STAND-ALONE PLAN FOR THE NEXT THREE YEARS.   

Some of the products describe results from work conducted over multiple work plans, whereas others are limited to providing the results over shorter time periods.  Because Project A is a long-term ongoing project designed to produce results on the same timescale as LTEMP, our approach makes sense. This is particularly the case because we cannot order-up Paria floods or specific dam releases on demand, as already stated.  No change made.

2

