Jet Propulsion Laboratory
b California Institute of Technology

July 16, 2013

Dr. Peter Goodwin, Lead Scientist
Delta Science Program

Delta Stewardship Council

980 Ninth Street, Suite 1500
Sacramento, CA 95814

Dear Dr. Goodwin:

On behalf of JPL, we would like to congratulate and compliment you and your team on completing the
first draft of the Delta Science Plan (DSP). We are anxious to continue to help with this activity, both as
a collaboration with the Delta Stewardship Council (DSC) as well as to provide a broader JPL/NASA
contribution to achieving the State’s goals with the Delta. A number of us at JPL, including Stephanie
Granger, Jeff Hilland, Rich Atwater, Cathleen Jones, Bill Mateer and myself, have read the report and
provided comments and suggestions on the draft DSP. This letter summarizes a few of the more high
level and substantive suggestions and comments. In addition, with this correspondence we provide an
excel spreadsheet that details the section, page, line/figure/box information as requested for our more
specific comments.

A key goal of the DSP appears to be providing an effective interface for decision makers and scientists to
communicate and coordinate science efforts across the multiple entities doing science in the Delta, and
we felt the first draft DSP is quite successful at outlining a framework for accomplishing this goal. Some
aspects that we felt were missing involved more specifics of the key science areas and questions,
quantifiable objectives, measurement/modeling requirements and potential techniques for delivering
the baseline information, milestones and required science return, expectations regarding a timeline, and
what would be considered metrics of success. In regards to the above comments, we considered
whether the scope of the DSP was really meant to be akin to the types of “science plans” we are
accustomed to within the JPL/NASA community, or if the DSP might be better thought of as a “science-
management plan”. For example, we noted that the draft DSP did seem to address the general scope of
the science plan as outlined in the Delta Plan, an outline that did not seem to strongly emphasize the
‘science’ part of the DSP.

From those not so deeply embedded into this relatively long-standing process and its management, but
yet strongly interested in contributing scientifically to the activities and outcome, it seems desirable to
have a section near the beginning that provides a primer on the Delta and the key science areas
involved, a selection of very specific science questions and/or hypotheses, and then further illustration
of the range, interconnectedness and interdisciplinary nature of the science; at a minimum a concise
discussion with reference(s) to where this key material can be found.



For more specifics on many of the general comments and suggestions above, please see the attached
excel spreadsheet. In addition, we would be happy to provide examples of the sorts of ‘science plan’
documents that exhibit a framework along the above lines. Of more value to you might be examples of
what we refer to as Science Traceability Matrices (STMs). These STMs are a mechanism / illustration of
a concise flow down from science goals, to science objectives, measurement/modeling objectives, down
to the specific resources, instruments, and models required. Attached with this email are a couple
examples, although the specific formatting and content vary widely depending on application.

Finally, there is little or no mention of an educational program or element that would provide training to
young scientists and decision makers to follow suit and learn where and how to contribute to the DSP,
as the expectation is we’ll be tackling this challenge for at least a decade or more.

We hope our comments and suggestions are useful; thank you for considering them. Keep in mind, we
are aware that as an institution we are still coming up to speed with the greater Delta process, but we
are eager to educate ourselves and contribute in areas where we have the means and expertise to
uniquely do so. Please let us know if there is something beyond these comments that we can provide in
regards to developing the next draft.

Sincerely,

Duane E. Waliser

Chief Scientist, Earth Science and Technology Directorate
Jet Propulsion Laboratory, MS 180-400

California Institute of Technology

4800 Oak Grove Drive, Pasadena, CA 91109
818-393-4094 (tel); 818 393-3379 (fax)
http://hydro.jpl.nasa.gov

duane.waliser@jpl.nasa.gov
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This sentence is vague, particularly "adapt"

Why not call the "action-agenda" an "Implementation Plan" which is more commonly used

"transform" - are you sure this will happen, it's a bold statement

"work closely with other programs" - can you be more specific?

"develop and integrate the following infrastructure components" - | don't think all the things on the list are "infrastructure" e.g. research proiroties, synthesis...,
peer-review

Audiences - for one not famalier with the DISB, DSP, DSC etc it isn't clear who is appointing who, who is on the same level, is there a structure to these
different groups; could there be oversight problems or conflict of interest problems - where is this information laid out?

Something could be added to this that rapidly changing environmental, technological and societal influences require an adaptable science framework as well.
Could this figure refer to the funding mechanisms or need for this - maybe a foundation running along the bottom that highlights this essential part of the
challenge/implementation.

Need to define SAA acroynym above

Is there a way to produce a org-chart that describes the relationshipos between the various boards, lead, teams?

Not sure what this means "(offset from development of the Action Agenda")

As this might be considered a relatively small community? - how will these various teams, boards, etc be populated so that there is not redundancy or conflict of
interests and the provision for orthogonal perspectives. This should either be addressed in this document to allay concerns and to make sure this is well thought
or reference be given to where this is spelled out.

The recurrent use of the word "monitoring" is vague and not entirely comprehensive for a science plan. At least an indication that (what looks like) simple
"monitoring" could/should the inference that this could involve new observing systems, new sensors/platforms, integration. Monitoring conveys a sense of
just keep doing what we are doing - but yet the system is inadequately monitored at this time to plish what is ded. Moreover, apart from the
"monitoring" which sounds like the needed "operational" component, the science will demand process observations (e.g. short term advanced observations,
short field programs, innovative sampling) for specific research questions/tasks. These sors of needs do not come across for the observing side - it sort of dos
for modeling but not new/comprehensive measurements and their integration.

The recurrent them echoed in these lines is a good one. However, an element that could/should be added to this mantra (i.e. in more than one place) is the
education and training of young scientists and science savvy resource managers/decision makers that can continue to shepherd this effort into the future.
"physical alterations to the landscape" is vague - it might be better to be more explicit and say "land use/land cover changes" and/or "anthropogenic influences"
as opposed to natural changes of one form or the other. | just wasn't 100% sure what the current terminology is trying to encompass

The grand challenge associated with the step-changes or any changes in the state of the Delta warrants some information from a predictive stand point. This is
largely missing in what I've read so far. The science and management aspects should come together to take full advantage of state of the art weather,
hydrological, subseasonal, seasonal and decadal prediction information for foretell future likelihoods. |am happy to help with this.

3rd bullet: Suggest changing "the one that shows up both by accident and design" to "the one that evolves through both unanticipated events and by design"
3rd bullet: language is quite cumbersome

4th bullet : will all readers be able to interpreat "system scale"?

4th bullet : A statement like this will not bolster confidence in the public or funding agencies of the viability of the plan: Restoration at the Delta-scale will take
decades, defy biological performance measures, and continually confound and surprise us.

Suggest adding text within this section, and possibly adding a separate subsection, to discuss the need for education / training and even a coordinated
element of this for delta steweardship and science. If something along these lines is done, it might be highlightd in the box on the same page.

The discussion mixes notions of "policy" and "decision-making". It would be nice if the discussion was more illustrative of the differences between these two and
the sorts of aspects that are related to each. The latter is often equated to operational decisions while the former is often equated to laws/regulations and
guidelines. These are quite different and highlighting their individuality would be useful.

The framework for science seems to be top-down driven, with the Policy Science Team seemingly identifying and prioritizing activities. New technology and
science ideas often develop at the grass roots level - how will this flow of information occur? Town halls, and science conferences - maybe - if so, recommend it
be more explicitly mentioned.

The educational issue mentioned above could be touched on as a bullet/item in this section.

REFERNCING the report will be easier if the subsections are also itemized/numbered.

The role and importance of "measurements" is not very evident in this diagram and process. Key, new, and/or continuous observations are not given, their
priority should be galvanized in a key figure such as this. At present the system of obsevations is inadquate in many ways and areas - its essential that the
message of the importance observations be evident. Note that the word "data" to many doesn't necessarily equate to "observations" or "measurements" - it
can mean stuff in an excel spreadsheet or a report or output from a model.
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Stepping back on my reading so far, | have run across few if any specifics regarding key delta science questions, quantities of interest, key envronmental
relationships. | think the document needs to set out expectations better. What if someone is new to the area/field - a member of an science relaevant agency
asked to pay attention and contribute, a graduate student or postdoc - it seems plausible that they might look to the "Delta Science Plan" as a place that
describes some of the basic workings or at least some specific driving science questions, observables, model capabilities / shortcomings. Little of this occurs
here and maybe the scope is not for this sort of thing - but then | am not sure | would call it a 'science plan'. It would be nice to at least have a "Primer"
section or the author's view of where to find this important summarizing/introductory information. I think it would even be hard for another stakeholder
agency to read this document and see where/how they fit in and how the could contribute their specific capabilites, expertise, etc - as the science challenges
and needs are not really spelled out. This reads to this point more of a Delta 'Science-Management' plan. I've written a science plan before and the main
objective/outcome of the plan outline the key science issues and driving science questions - this 'science plan' does not do this. To be honest it doesn't look
like working scientists knee deep in the science of the delta wrote this draft or else if they did their charter wasn't clearly depicted as what might typically be
considered a 'science plan' in the working science community (e.g. universities, national laboratories). Shouldn't there be a section near the beginning that
highlights the specific science areas at issue here, science questions/challenges in these areas that are relevant to the Delta?

In refrerence to the above comment, this page indicates that this section "describes the infrastructure necessary to develop the science needed to inform
complex decisions ...". Without having really articulated the central science areas and the high priority science questions identified to date, it seems odd that the
infrastructure can be well described or characterized.

Another example of where | recommend that when the discussion is referering to actual observations/measurements that these words be used rather than
"data" which given the diverse set of readers won't always interpret it to mean measurements. 'Data' can mean anything - 'observations' implies some
representation of truth, an actual sensor, a means of deploying it and archiving it, analyzing, paying for it....as the 'observations' are ESSENTIAL to the success
of the Delta Science plan this is worth emphasizing in this very easy and clarifying manner.

If the middle box is meant to represent "observations' - PLEASE use this word and not "DATA" which is ambiguous. If it is meant to be more genreal than
"observations", then the "observations/measurements" should show up as a specific item in this diagram.

This page and actions/framework is nice. The discussion on "Competitive Research Funding" is a bit out of the blue - particularly who funds it, how is it managed
across agencies, what is the scope of it. While this is probably not the place to articulate all this information, reference to something that does would be useful.
Again, this is a very nice and comprehensive section and outline. | believe it could be improved by the acknowledgeing present and emerging technologies
that could be better exploited for Delta science - including airborne and satellite remote sensing. | get the feeling there is an undercurrent of in-situ based
monitoring but given the expans of the Delta and its fine-scaled features, multi-variate remote sensing could provide a wealth of information for tackling
challenging science questions and monitoring needs. There are likely other emerging in-situ technologies and sensor web like sampling that could be infused
to great benefit.

In addition to the roles that monitoring play as outlined, such measurements also could play a key role in terms of data assimilation input to provide more
comprehensive state estimates and initial conditions for making environmental predictions (e.g. hydrology or ecosystem).

Another contribution to the exponential growth would be the development of satellite and airborne remote sensing techniques that can obtain vast amounts of
data in a relatively short time compared to sparse in-situ monitring.

Recommend there is an Action that strongly emphasizes the use of observations to evaluate and improve models. There should be a strong element of the
modeling and observation activity that is synergistic. We should be seeking model outputs that align with known/possible observations and and vise versa.
Recommend their also be specific discussion here of the role of the different sorts of modeling: 1) process modeling for improving our understanding and
improving the operational models, 2) operational models for continued assessments and monitoring, 3) forecast models - forecasts from NWP, seasaonal
forecast models and climate change projections used as forcing, but also the forecasts of the Delta system based on those inputs, 4) models used in a data
assimilation capacity for accurate / comprehensive state estimation that synthesizes as much observation information as possible.

Recommend that after communiction section or before there is a subjection on "Education” - which is slightly different than communication. It can include the k-
12 element in communication but should emphasize the continual education and training of scientists - especially interdisciplinary and decision-support savvy
scientists. This would involve the undergraduate, graduate and postdoc level - if not also an element for continued education.

| don't see that any "cutting-edge" science was described in Chapter 4. The broadest of broad mentions of science elements were there but specific 'cutting-
edge' science was not discussed. This is what | mean when | referred to above that the document doesn't read as if it was written by a pool of scientists
actively working on the science of the Delta but rather managers or science managers. The latter may be ok but expectations should be set for what the
document represents and includes.

This rotator program looks excellent. Only comment is it is a specific aspect of the expecting working and opportunities of the Delta science program and looks a
bit out of place in this section - some of these elements like this should be combined together into a "programmatic" section. Maybe the title of the subsection
could be reconsidered; maybe it should just be more explicit and call it "Funding and Resources" or "Funding Implementation" or ?

Will welcome reviewing this section when available
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The Science Plan should do more than synthesize research. It should provide the science goals, objectives, measurement requirements and techniques for
deliveirng the required science return. The Science Plan needs quantifiable objecitves and measutments. Metrics to establish a baseline and whether the
Action Plan is meeting the expected quantified criteria.

What is the flowdown and traceable linkages from the Delta Plan to the Delta Science Plan? There does not appear to be a mapping from the higher level
document to the Delta Science Plan.

Synthesizing science from multiple entities does not necessarily mean the science being performed is sufficient to address the co-equal goals. The Science
Plan needs to define/explicate overall science goals, how these will be executed and the expected end result. Synthesis is part of this but not the only
function.

Plan lacks any time frame reference for adaptive management implementation. Can this go on forever? What happens ion 2yr, 5yr, 10yr?

(c) provide overarching direction at the start of a 4-year Action Agenda process,-- Why 4yr? Continuity? Is the agenda updated more frequently as information
emerges?

This is rather vague "link." How? This section could use sopme additional communication techniques such as holding sciencetific workshops anmd symposia, at
least annually. Or maybe special AGU sessions in San Francisco.

A framework is established but what about a basline science assessment using conepctual models to set the start of adaptive management? Process seems to
have no measurable starting point to know if adaptive management is having a impact good or bad.

The outcomes expected are not quantified. Plan cannot be implemented unless measurable metrics are provided.

This section lacks science infrastructure actions related to measurement systems, e.g., in-situ. Does not define what is needed for cutting edge science nor
identify any weaknesses in the current science approaches. Does not provide any time/spatial scales of the underlying science processes on scales of interest
for the science nor recognize that remote sesning mayh be needed for cutting edge science. Does not address NRC recomendations to establish priority
science goals and objectives. Section is basically about information aggregation and does set objectives for new science systems.

Modeling lacks any independent verificaiton/validation with other data sources. Needs a robust action for intercomparison and verification/validation with
measured data.

Define the tools that are needed, e.g., more computing resources for models, integrated in-situ sensor networks, airborne or spaceborne remote sensing.
Integraton of these systems to form a collaborative network.

Although plan calls for identifying gaps in understanding (rightly so), it would benefit from discussion/examples to address gaps (e.g. NASA utiizes a concept
referred to as "Science Traceability Matrix" to provide a systematic approach of tying scientific goals to measurement objectives). Would it be more of the
same (in terms of monitoring, modeling, etc..). If there are observational gaps, are there different technologies that can be utilized to address them? Since the
current observational system is fragmented (not only by domain and organization, but also space and time), what is the strategy for improving the models with
these data, are the data not used already, if so, how are they used and why are there still gaps in understanding? Perhaps the SAA would address this issue? Are
there other observations (spatially contiguous) that could be employed to fill in gaps in the current modeling effort? The Delta benefits from a long record
acquired by the network of monitoring stations throughout the system, but because of the reticulated network of flow paths, these stations may not capture the
dynamics of the system. Establishing baseline conditions or adequately model and predict processes requires data that captures information across broad
spatial domains to characterize the changing flow paths along the reticulated delta networks. This comment refers to several areas throughout the document.
There seems to be a reliance on the existing monitoring network, which though valuable, would benefit from complementary efforts that capture variability
throughout the channels in the delta.

Synthesis is used interchangeably to refer to "meta-analysis" of peer-reviewed publications, and synthesis of observations (page 28, line 18, 19, page 32, section
4.5). l interpreted the 2012 NRC report reference to synthesis to be the latter, but perhaps I'm mistaken. Either way, usage of the term is confusing in the
document.
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Note: this is not always an easy problem to solve. Individual datasets are captured by many organizations to address unique questions, it's not always
straightforward to then "re-purpose" data for other applications. Case in point is the National Integrated Drought Information System and a desire by CA DWR for
Drought Impacts Assessment. There is no data gathered specifically to assess drought impacts,yet there are data within federal science repositories that could
potentially be used, but may not be of the quality for impact monitoring, though quality is good enough for it's intended purpose.

Note: Another tough problem. All models have uncertainty in their results, need to really understand the uncertainty of individual model results before linking
them. This is a research problem currently being tackled in some way, shape or form by various academic and other institutions.An additional action could be
to assess (via CWEMF?) relevant on-going efforts that could feed into needs of the Bay-Delta community. Through such an assessment, current activities could
be leveraged for the Bay-Delta (no need to reinvent the wheel) and gaps in current modeling capabilities could be indentified and addressed.

This document largely presents the view that the only "science" to be done involves the ecosystem. That is not the case and is certainly not the case for what
remote sensing can bring to the table. Perhaps they do so because monitoring the physical system is overwhelming from the ground. However, that is not the
case once they begin to think about monitoring the system with large-swath instruments. And if they are to reach the stated "coequal" goals, then they should
not ignore what science can tell them about the stability of the Delta water supply and water delivery system. Truly the two goals are interrelated. This
document presents the view that maintaining the water supply can only impact the ecosystem negatively. Actually, knowing how to maintain the integrity of the
entire area will help the ecosystem and viewing this as a coupled system means that monitoring of the physical properties (subsidence, for example) is extremely
important. The document needs to be better balanced. | have specific suggestions below.

This comment is quite negative towards science - makes it sound like the overarching problem is that we only "twart" and "delay." | think a different quote or
one that expresses this is a less negative way is needed.

Funding acquisition of data to support modeling, etc., is not included in the list
In addition to "recognizing" and "including," they should include "enabling"

Only environmental monitoring is mentioned. However that is only one part of the coequal goals and the other part is maintaining the water supply
reliability. We should really emphasize the need to include monitoring of the phyical conditions of the Delta, especially moving toward remote monitoring of
these so that they are not overwhelming. This list that can be addressed include subsidence, levee status, water quality, interchannel islands (made by
sediment transport). If the goals are really coequal then this document should not ignore one of them. And in fact, the two are so closely related in a delta
ecosystem that they shouldn't be monitored separately. This will be particularly important when modeling the effect of climate change, as a single example,
where levee failure will definitely impact the ecosystem both in the islands and in the water.

Monitoring activities for water supply are mentioned here - they should also be spelled out in more detail on the previous page (see comment above)
Need to add an element to the framework to track quantities that effect the water supply.

Note: monitoring physical quantities is especially important for this. If we can't tell how sea level rise will impact the levees then how can a reasonable water
supply be maintained. That is an essential part of the co-equal goals.

"multiple stressors on the ecosystem" - Yet again the stressors on the water suppy are ignored. The Delta Science Plan should treat the coequal goals more
coequally in this document.
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