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1. Activities

Early in 2007 the National Science Foundation created the Critical Zone Observatory (CZO)
program and awarded funds to establish three initial observatories: Southern Sierra
(California), Boulder Creek (Colorado) and Susquehanna Shale Hills (Pennsylvania). During
2009, an additional three observatories were established in Arizona/New Mexico (Jemez
River Basin/Santa Catalina Mountains), Delaware (Christina River Basin) and Puerto Rico
(Luquillo).

Since that time, the interdisciplinary research teams at each site and across the network
have been working to develop their site-specific science and cross-site research and
education activities. During the summer of each year, PIs from each CZO meet with NSF
program managers and the CZO National Program Steering Committee. Meetings in 2008,
2009 and 2010 were held at Southern Sierra, Susquehanna Shale Hills, and Boulder Creek
CZOs, respectively. The annual meetings focus on research, education and outreach
occurring and planned at each CZO and also collectively across the CZO (X-CZO) network.
Prior to the All Hands meeting of 2011, these annual meetings included ca. 2 principal
investigators from each CZO, the CZO steering committee, and NSF personnel. The annual
meeting typically includes two days of in house meetings plus a day in the CZO field site,
where investigators have presented their CZ research components. While this meeting
structure enables essential direct discussions among Pls, the NSF and the Steering
Committee, there is also a need to facilitate periodic (perhaps every 2-3 years) larger group
interactions that enable face-to-face encounters of graduate students, postdocs, faculty and
staff network-wide. In proposing this All Hands Meeting to NSF, we suggested that the CZO
National Program could catalyze the development of new X-CZO activities, including novel
research collaborations initiated by graduate student and postdoctoral researchers,
particularly since these are the young scientists that are actively engaged in the nuts and
bolts of day-to-day CZO research.

Four years into the CZO national program, the All Hands Meeting of May 8-12, 2011
brought together this larger group of 139 CZO researchers from 31 different CZO-
collaborating institutions listed in this report. The workshop participants included
steering committee members, NSF program managers, the Steering Committee,
Collaborators, postdoctoral scientists and graduate students, as well as others invited from
the broader community working on critical zone processes - to discuss progress in our
understanding of what controls the structure, functioning and evolution of the critical zone,
and to start the process of synthesis of this knowledge across national and international
CZO0s.

In order to guide the discussion and information exchange, and in response to the 2010
report recommendations of the CZO Steering Committee, the central theme of the
workshop focused on outlining the requirements for elucidating a unifying theory and
techniques needed that can explain the observed structure and function of the critical zone
across environmental gradients, and that can help predict the evolution of the critical zone
in a changing environment. Even though such unifying theory is well beyond our reach at
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this stage of the program, the theme was appropriate for developing an efficient and
common language across CZO researchers as well as to initiate the process of synthesis.

Workshop Program

The workshop was organized around four half-day meeting sessions, each focusing
strongly on investigator interactions: (i) Ecosystem Exchange and Hydrologic Partitioning,
(ii) Subsurface Biogeochemistry, (iii) Ground and Surface Water Dynamics, and (iv) Critical
Zone Evolution, a one-day field trip into the Santa Catalina Mountains CZO, and a day
dedicated to working group discussion and syntheses. The focus in the sessions on
processes rather than drivers of the critical zone (geology, climate, time) provided a
framework that was common across the CZ0Os, and that was meanwhile sufficiently broad
to stimulate discussions between scientists with different backgrounds.

The workshop kick-off took place on Sunday evening (5/8), and included an invited key-
note lecture by Larry Band (University of North Carolina), a leading watershed hydrologist
not involved in the National CZO program, but who has been actively involved in
developing an understanding of interactions among CZ vegetation, soils and landform
shape in controlling catchment hydrologic response.

The thematic session program began Monday (5/9) at 8:00 am. Each of the four half-day
sessions was introduced by the Jemez - Santa Catalina CZO session convener and a key-
note lecture (25 min + 10 min discussion), given by a non-CZO investigator: Russ Monson -
Univ. AZ, Libby Hausrath - Univ. NV, Kip Solomon - Univ. Utah, , and Oliver Chadwick -
Univ. CA, Santa Barbara. Each keynote was followed by three shorter (10 min + 5 min
discussion) research oral presentations by CZO investigators (including students, postdocs,
and Assistant Professors), and brief (2 min - 1 slide) invitations to the posters submitted to
that specific session (12-16 per session, 30 min total).

The focus on posters throughout the workshop enabled the full “All Hands” group to
present research results in the context of a single session (rather than concurrent session)
format. This format also made it possible for the full group to interact over the full range of
critical zone science topics covered and maintain a group-wide workshop experience that
was consistent across CZ science disciplines.

During and after coffee breaks there was ample time to visit the posters for extended
discussions. Rapporteurs, represented by the Pls from each of the other five CZOs, were
assigned to summarize each poster session and to lead the discussion that concluded each
session. This portion of the schedule turned out to be difficult to accomplish and was twice
“allowed to slide form the program” because it required moving the full group from the
poster session in the first floor of the convention center back to the group meeting room in
the visitor’s center.

Each session took about 3.5 hours and included almost 2 hours of discussion. The
workshop included a two-hour period on Monday for group tours of the Biosphere 2
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facility, and on Wednesday for breakout group discussions of the workshop theme
(exploring what is needed to develop unified theory of the critical zone). Time was also
allocated for student/postdoc interaction with the CZO Steering Committee, as was
requested at the Boulder Annual CZO meeting in May 2010.

On Wednesday evening, the workshop sessions were completed by an invited closing
lecture given by Ronald Amundson (Univ. CA, Berkeley) who was asked to discuss, in part,
what has been learned from the workshop and how we can move forward.

CZ0 Working Groups: Given that numerous CZO investigators, graduate students and
postdocs had made the trip concurrently to Biosphere 2, we convened a fourth day of the
workshop dedicated to developing (i) questions, (ii) hypotheses, (iii) approaches and (iv)
methods for X-CZO network pursuit. The working groups that self-organized for this
purpose following the Wednesday breakout group sessions included those dedicated to:

- Soil formation

- Landscape Evolution
- Biogeochemistry

- Ecohydrology

- Data Management

Field Trip to the Santa Catalina Mountains (SCM) Critical Zone Observatory

On Tuesday, May 10, the group convened at 7:00 am in two charter buses to visit the Santa
Catalina Mountains Critical Zone Observatory adjacent to the Biosphere 2 meeting location.
The field trip included stops at Soldier Canyon (Geomorphic and Ecologic Overview), Mt.
Bigelow eddy covariance tower (Land-Atmosphere Exchange), and Marshall Gulch
Catchment (Ecohydrology and Subsurface Biogeochemistry Experiments). Details on the
field trip can be found in the “Mt. Lemmon - Santa Catalina Mountains Field Trip”
booklet that is included at the end of this report.

Figure 2. SCM CZO field-trip stop
1 in Soldier Canyon. JRB-SCM
CZO Co-Pl Jon Pelletier describes
a numerical model of non-linear
relations among vegetation, soil
and landform development in the
the “sky islands” of southern
Arizona.
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Venue

The Biosphere 2 Conference Center provided an exciting and economical venue for the
meeting. It is a locus of current and future Critical Zone research “under glass”, and it
contains a large meeting room that holds 160 people in theater style seating, as well as
several other smaller meeting rooms for smaller symposia and breakout sessions
(http://www.b2science.org/institute/conf.html). The site also contains 106 sleeping
rooms with 85 bathrooms within apartment-like casitas that were constructed in the late
1990s, which allow groups of this size to remain on site throughout the meeting. Within
those 106 sleeping rooms are 195 beds (i.e.,, many are double occupancy rooms, which is
ideal for graduate student attendees). Hence, the Biosphere 2 conference center
accommodates well over 100 participants with single and double occupancy, with some
sharing the bathrooms. All food was catered and provided on site by a variety of vendors.

2. Workshop Outcomes

2a. Oral and Poster Sessions

The 2011 All Hands Meeting achieved its principal objective of assembling a network-wide
group of CZO researchers including investigators, postdoctoral scientists, and graduate
students, for extended and meaningful interactions with each other, as well as with NSF
program managers, the CZO Steering Committee, and non-CZO funded, but leading
scientists, in the field of Critical Zone research. Those that attended the meeting seemed to
be in agreement that this type of “All Hands” meeting should take place regularly in future
years, and could be made a central feature of CZO science activities. For example, as
indicated in the 2011 CZO National Program Steering Committee Report, submitted soon
after the All Hands Meeting:

“The Committee members and other attendees gave high marks to this mix; without exception
everyone felt that this format encouraged cross-site thinking and fostered a sense that
exciting science was being done, with more to come. In particular the Committee felt that the
All-Hands meeting provided a great opportunity for students and post-docs to see and
experience the breadth of CZO science and enable them to place their research in the context
of larger research questions. As noted in our Committee recommendations, we suggest that
this type of All-Hands format be followed in the future, at least every other year.

The oral and poster sessions stimulated a significant amount of X-CZO dialogue throughout
the meeting. In order to enhance the continuation of such dialogue, we asked all workshop
participants to send PDF versions of their poster and slide presentations to our CZO data
management team for posting on the web. This has been accomplished, and now all of
those abstracts and presentations that were sent (ca. 90% of the presenters contributed!)
are posted on line at the All Hands meeting website:
http://web.sahra.arizona.edu/czo reg/. This website provides an excellent archive of the
full workshop and should be consulted for details extending beyond the scope of this
report. In total, 71 abstracts and posters were presented, along with six keynote lectures,
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and 12 CZO talks. Most of these presentations are available on the meeting website for
viewing.

A video on the CZO National Program was produced by Shipherd Reed and the UA Flandrau
Science Center team, and can be downloaded from the Jemez River Basin - Santa Catalina
Mountains CZO website (www.czo.arizona.edu).

2b. Working Group Breakout Sessions

At the opening of the All Hands Meeting, a specific charge was posed to the working groups
in the form of the following question:

How can the cross-CZO-network be used to develop unified theory of the critical zone that
links long-term geomorphic evolution and architecture to short-term hydrologic and
biogeochemical responses?

The main idea, therefore, was to address the question of how the network of CZO sites
(rather than individual sites themselves) could effectively develop the theory of critical
zone evolution and contemporaneous response in a way that takes advantage of the
network of sites, ideas and people (i.e.,, how can the whole network be made greater than
the sum of its parts?).

In the first working group session on Wednesday, breakout groups focused on developing
questions that would be the basis of hypotheses and research approaches developed on
Thursday.

Breakout groups were self-organized and developed questions within each of full-group
selected categories as:

1. Climatic and lithologic forcings and disturbance
a. How does climate forcing (e.g., EEMT) vary in space and time across sites?

b. When does hydrological and biogeochemical response reflect current forcing
or past forcing?

c. How does CZ architecture reflect long-term co-evolution of climate forcing
and geology versus short-term disturbance (anthropogenic or “natural”)?

d. How do we connect long-term mean records back to individual events?

e. How does the distribution of events respond to climate change?

f. Is it possible to employ reduced complexity characterization of events in
long-term geomorphic models?

g. How does the event distribution influence different CZ processes and how
does this distribution play out across different climate scenarios?

2. Role of biota in CZ function
a. What is the role of trees in the evolution of the critical zone?
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b. Can the Holdridge Life Zone (see below) scheme effectively describe
weathering regimes both within and across parent materials?
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Figure 3. Holdridge Zone Schema.

3. Time scales of CZ evolution
a. On what time scales do components of CZ architecture change (hillslope
form, soil structure, biological composition)
b. What is the resilience of CZ systems to climate change?
c. What are the mechanisms of stability for different processes and how are
these connected to the process timescale?
4. Prediction of CZ structure and effects on response
a. When do hydrological and biogeochemical responses reflect structure?
b. Can we develop models that predict the basic features of the CZ such as the
residence time distribution of hydrologic flows, the denudation rate of the
landscape, and the soil thickness?

On the basis of these initial questions, a second set of new breakout groups were formed
for in depth discussions on Thursday, where specific hypotheses and approaches for
developing CZ0O network science were discussed.

The groups formed on Thursday were initially intended to focus on specific aspects of these
questions, including the development of hypotheses and approaches to address them by X-
CZO collaborative research. However, it also became clear in the large group discussion

that there was a strong interest among various groups to meet on more disciplinary lines
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across the CZ0 teams. In particular, the “Geomorphology” group wanted to have significant
time to discuss the questions raised regarding CZ architecture and structure evolution
questions raised the previous day. Other disciplinary groups (Ecohydrology,
Biogeochemistry, Pedology) and a technique group (Residence times and Tracers) also felt
that much could be gained by such a X-CZO approach. So, the Thursday breakout groups
were:

Ecohydrology
Biogeochemistry

Pedology

Geomorphology

Residence times and tracers

Ve Wi

These five groups made progress down various and diverse paths toward the goal of (i)
questions, (ii) hypotheses, (iii) approaches and (iv) methods toward X-CZO research. The
reporting back to the full group from each of these breakout groups on Thursday is
summarized below, based on their reporting, which took a variety of formats.

1. Ecohydrology

This group developed a large set of questions that relate to using the X-CZO network for
understanding ecosystem impacts on hydrologic response, as well the impacts of hydrology
on ecological function.

-What are the feedbacks between biological processes, critical zone architecture, and fluxes
with implications for:

Water availability

Carbon cycling

Nitrogen cycling

Limiting factors from soil perspective
Weathering and plants

® a0 &

Additional questions from the group: How does soil moisture storage relate to forest /
water relations and the how does this impact the role of forests in catchment water
balance? What are the impacts of species variation? What is the role of aspect across the
CZO'’s in controlling coupled land, atmo, bio, litho system? How will forest structure change
with climate change and/or disturbance and how will that impact water balance at the
catchment scale? How does the critical zone influence vegetation community structure at
landscape scales (km)? What is the role of phenology on critical zone processes and how
will climate change impact these feedbacks? Can we close the water balance everywhere at
every CZ0? How does vegetation influence hydrologic partitioning and what vertical and
horizontal (pedon - plot - catchment) scales are important? How do ecohydrologic
variables respond to climate change (snow, soil moisture, microclimate)? What is the
spatial variability of snow water inputs and isotopic and chemical inputs and influence
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catchment scale fluxes and residence times? What are the feedbacks between vegetation
structure / function and water and how sensitive are these feedbacks to changes in
climate?

Approach: Exploration of X-CZO hypotheses can include (i) common measurements, (ii)
common models, (iii) common perception (classification).

« LiDAR
e Met station data
e Flux data

* Soil Moisture

* Piezometers

* Sap Flow

* Geophysics

*  Snow (ultrasonic)

This group identified a need to be concerned with measurement strategies and their
consistency. They also identified several methodological questions and potential
shortcomings of the current network that need to be addressed in developing a strategy for
meaningful X-CZO research: How do we capture variability? How do we identify areas that
control processes? Can we observe the hot spots and hot moments in ecohydrology?

Does a suitable network exist for making the most of X-CZO ecohydrological studies? In
other words, can we classify CZOs into “regimes” where we have a framework to address
common questions? For example, the Holdridge Life Zones (Figure 3) classification might
provide an avenue to classify CZOs and begin to correlate that classification with CZ
functions observed. Does the CZ fit into the “life zone” concept? How much of the
Holdridge “range” is captured within and across CZ0s?

The goal of effective X-CZO research sheds light on a need to fill funding gaps that exist due
to biases in each CZO initial proposal. Some gaps exist at all CZO’s (e.g., human
components, biological foci), and some CZ0O’s are stronger in one area versus another.

Additional Ecohydrology group recommendations:
- Cross CZO post doc funding
- RFP’s devoted to cross CZO.
- There is some low hanging fruit for X-CZO research but to develop
transformational science across CZO’s we need to fill these key gaps.

2. Biogeochemistry

This group developed three distinct questions related especially to CZ biogeochemistry,
focusing on carbon cycling and CZ structure and resilience, with subservient and more
specific questions underlying each one:

NSF Workshop Report: Towards a Unifying Theory of Critical Zone Structure, Function and Evolution 9



-What characteristics of the CZ make it a carbon source or sink?

Hypotheses: The X-CZO network can be used to better close the C, N, P balance at the
catchment scale by collecting requisite data on (i) land-atmosphere exchange (eddy
covariance), (ii) internal CZ reservoirs, redistributions, transformations and fluxes, (iii)
stream water output (e.g., DIC/DOC/POC), (iv) deep groundwater flows that bypass stream
output.

Approach: In order to use the CZO network to understand the roles of climate, lithology,
disturbance and time on CZ carbon cycling, we need to have X-CZO measures of carbon
fluxes as determined from eddy covariance, stream discharge, deep groundwater flows,
and internal redistribution and transformation.

-What is the coupling between mineral transformations and carbon dynamics?
- How do these interactions affect the chemical evolution of water along flow
paths?
- How do changes in periodicity and magnitude of precipitation inputs and
temperature drive the interactions between minerals and carbon?
- What are the characteristic time scales of reaction versus those of transport?
- How does rock type affect the carbon balance over time (for fixed climate)?

Approach: This research question overlaps with a similar one raised by the Pedology
breakout group (below), and could take advantage of campaign style sampling of soils and
weathered rock across the diversity of lithologic and climatic conditions present at CZO
sites.

-How does the structure of the CZ affect its ability to provide services?
- How sensitive is CZ structure to perturbation?
- How is this sensitivity distributed across CZ components (e.g., soil aggregate
dynamics)?
- When does the change in structure diminish the ability of the CZ to attenuate
disturbance?

3. Pedology

This group refined questions of relevance to soil formation and structural development and
its role in CZ processing of water and carbon.

Questions related to water:
What is the distribution of soil water storage capacity and the controls on this distribution?

How does soil architecture exert first order control on CZ hydrological and biogeochemical
processes across space and time?
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Approach: Strengthen the link between COSMOS and CZO to better couple temporal
pattern of watershed scale hydrologic dynamics to soil moisture time series. Take
advantage of potential SMAP connection to CZO.

Questions related to carbon:

-What is the residence time and storage capacity of soil carbon across the CZ0s?
-Can we link observed patterns in vegetation distribution to spatial patterns in soil properties
(depth, water storage, carbon content)?

Approach: Utilize the diversity of climate and lithology space afforded by the CZO network
to initiate common methodological procedures for characterization of carbon pools,
storage and residence times.

Questions related to soil evolution:

-How can CZO help the development of quantitative pedologic models?

-Can we identify positive and negative feedbacks and thresholds in soil properties and
evolution?

-How does the flow of energy influence the formation, evolution and distribution of soil?

-How do we quantify clay (carbonate) neogenesis and translocation across lithologic and
climate space?

Approach: Develop a working group to produce “Ped 1.0”, the first process-based, process-
coupled, quantitative model of soil genesis. Combine state-of-the-art GIS approaches with
novel field methods to enable systematic 3D mapping of soil physical properties (coupling
of tools - models and measures -soil production, soil thickness, reactive transport, and
predictive soil mapping techniques).

4. Geomorphology

The geomorphology group (Figure 4) identified four priorities for X-CZO research into
long-term landscape evolution. How these activities would interface with other CZO
disciplines (e.g., biogeochemistry and hydrology) was also discussed.

1. Develop geomorphic models to explain the evolution of CZO architecture (soil thickness,
topography, rates of geomorphic processes such as soil transport, production of soil from
saprolite and saprolite from bedrock, and so on). These models might initially be
conceptual models, but a useful goal would be to develop these as numerical models.
Ideally, a single model with different parameter values could be used to represent the
geomorphic evolution of all the CZO sites.

Discussion also focused on the desirability of developing models that not only predict
changes in length scales (such as elevation of the ground surface, soil thickness, and so on),
but that also predict quantities with dimensions more useful to biogeochemists and
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hydrologists. For example, models could be developed that predict units of soil and
regolith mass. This would require predicting the development of porosity. Mineral surface
area distribution might be a different unit of prediction that would require understanding
the distribution of minerals within the subsurface, and how they evolve through time.

Predictions of surface area and porosity could provide results useful for hydrologists and
geochemists, who need to know the distribution (and connectivity) of subsurface pore
space and the area of reactive mineral surfaces. This would allow these disciplines to
benefit directly from geomorphic models in their work. Additional connections would arise
because the use of this information in hydrologic and geochemical models would feed back
to geomorphic models; the evolution of the landscape is controlled in part by hydrologic
and geochemical processes.

e,

Figure 4. The Landscape Evolution breakout group meeting on the Biosphere 2 café patio.

The group saw this effort as a key opportunity for developing interactions between the
disciplines of geomorphology, hydrology, and biogeochemistry. It also presents a useful
means for connecting the long geomorphic timescales with shorter hydrologic timescales,
and the variable timescales associated with geochemical processes.

2. Develop improved methods for interpreting measurements of 1°Be. Nearly all the CZO
groups are using 1°Be to infer long term rates of geomorphic processes. Typically, these
data are interpreted in terms of steady-state processes, an approach that we know is
untrue. A cross-CZO effort to develop long term models that incorporate varying climatic
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and geomorphic processes would greatly benefit all the CZOs, and would also advance
geomorphic science in general.

3. Develop studies that investigate the influence of trees and other vegetation on
geomorphic processes at the six CZOs. Vegetation provides important controls on
geomorphic processes through its influence on physical and chemical weathering, hillslope
hydrology, and particle transport processes. Exploring the differences and similarities in
these processes between CZO sites could prove useful.

4. Conduct workshops for graduate students in Landform Evolution Modeling. These
workshops would allow students to gain proficiency in numerical modeling of landform
evolution developed by CZO scientists. The group discussed having students come to the
meeting with data from their own CZO projects, so they could learn modeling methods
applied to their own problems and projects. Meetings could be held once a year, or at some
other appropriate frequency.

5. Residence Time and Tracers

This group had a lively conversation with hydrologic focus about the use of tracers and
other methods to estimate residence times and flow paths in hydrologic systems. The age
of water in streams was highlighted as a significant conceptual bridge from hydrology to
long-term geochemical and landscape evolution processes. Discussion focused on two
principal questions:

What catchment and climate properties impact surface water and groundwater residence
time distributions?

Understanding residence time distributions is key because time is a master variable in CZ
science. Determining controls over residence time is needed toward the goal of integrating
knowledge across sites and getting beyond “place-based” science. This approach must
account for the relative importance of geomorphology, vegetation type, rainfall regime, etc.

How can we assess residence times at point to catchment scale?

Approach: The first challenge this group identified was the need for coordination on
methodologies used by the various CZO groups. This challenge can be divided into three
categories. First, there is a need to coordinate between groups on the specific analytical
techniques for chemical and isotopic tracers. This problem may be resolved by better
communication among groups through a wiki or listserv approach. Second, specific
sampling procedures (temporal, spatial and technical approaches) need to be discussed
within the group. Some methods will be very site specific, but in order to do some types of
analysis and comparison across sites there is a need to coordinate methodologies. One
example would be an approach that uses very fine resolution temporal sampling of water
isotopes in order to conduct transfer function residence time analysis. Stable isotopes,
however, only give short term residence times, anything on the order of decades requires
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tritium or another longer time-scale tracer. Third, there isa need for coordination and
education on data analysis techniques across the CZ0’s. One component of low hanging
fruit is a comparison of the sites using the water isotope transfer function approach to
estimating residence time distributions. Another is the use of end member mixing analyses
(EMMA) across the various CZO sites.

An additional technological component of low hanging fruit is the use of distributed
temperature sensing (DTS, http://ctemps.org/) at the various field sites, since this could
help to interpret moisture dynamics in a manner complementary to the isotopic tracer
approach discussed above.

In the longer term, CZOs need to coordinate on observing residence times of waters within
their catchment systems. Doing so could enable fundamental advances in understanding
the effect of residence time and flowpath on critical zone structure and function.
Coordinated modeling and identification of differences in recharge regimes across sites
would yield important big science results that would also justify the CZO network.

Other themes discussed by this group included: (i) quantifying the space-time
groundwater input to streams; (ii) the potential complementary utility of DTS (distributed
temperature sensors), geophysical techniques, and dilution tracer experiments; (iii)
determining the architecture of flowpaths within the basin systems; (iv) the need to sort

»n «

research into “input questions”, “output questions”, and “time of storage questions”.
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Final CZ0O All Hands 2011 Workshop Schedule

Sunday, May 8th

6:30 PM — Icebreaker reception and dinner
8:00 PM — Keynote lecture introducing the theme of the workshop (Larry Band, UNC-Chapel Hill)

Climate, geomorphic and ecohydrologic controls of nitrogen cycling and export along a continental
transect

Monday, May 9th

Session 1 — Ecosystem Exchange and Hydrologic Partitioning (eddy covariance water and carbon flux
measurements, ecosystem production and respiration, snow and rain partitioning, infiltration dynamics,
evapotranspiration, ground water recharge)

8:00 AM: Introduction by session convener (Shirley Papuga)

8:05 AM: Keynote lecture (Russ Monson - UA) Surface atmosphere fluxes of H,O and CO, in the
subalpine ecosystem critical zone (25 min + 10 min discussion)

8:40 AM: Mike Goulden et al. (SS-CZO) Relationships between elevation, photosynthesis and
evapotranspiration in the Sierra CZO (10 min + 5 min discussion)

8:55 AM: Greg Barron-Gafford et al. (JSC-CZO) Sensitivity of soil CO; efflux to climatic and
topographic factors in a montane drainage system (10 min + 5 min discussion)

9:10 AM: Martha Scholl et al. (LM-CZO) Use of stable isotopes to understand recharge sources and
streamflow generation in the Luquillo Mountains, Puerto Rico (10 min + 5 min discussion)

9:25 AM: Poster introductions (brief 2-min, 1 slide overviews of poster content; 15 posters ~ 35 min)
10:00 AM: Coffee break & poster session

11:00 AM: Rapporteur from SS CZO to summarize poster session and to lead plenary discussion

11:30 AM: Break for lunch

1:00 PM - 1:30 PM: X-CZO Data Management (Mark Williams)

1:30 PM - 3:00 PM: Biosphere 2 Tours

Session 2 — Subsurface Biogeochemistry (vadose/saturated zone mineral weathering processes, root and
microbial dynamics, mineral/water and microbe/mineral interfacial processes, carbon sequestration,

pedogenic element mass balance, topo-, litho-, chrono- and climo- sequences)

3:00 PM Introduction by session convener (Craig Rasmussen)
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3:05 PM: Keynote lecture (Libby Hausrath - UNLV) Biogeochemical weathering of serpentine minerals
from bedrock to soil (25 min + 10 min discussion)

3:40 PM: Chunmei Chen et al. (CR-CZO) Elucidating the interaction between organic matter and
mineral components along a pasture hillslope: Importance of iron-redox coupling processes (10 min + 5
min discussion)

3:55 PM: Lixin Jin et al (SSH-CZO) Water chemistry reflects hydrological controls on weathering in
Susquehanna/Shale Hills CZO (Central Pennsylvania, USA) (10 min + 5 min discussion)

4:10 PM: Eve-Lyn Hinckley (BC-CZO) et al. Integrated study of critical zone architecture, near-surface
hydrology, and biogeochemistry to understand the fate of N in montane catchments (10 min + 5 min
discussion)

4:25 PM: Poster introductions (brief 2-min, 1 slide overviews of poster content; 15 posters ~ 35 min)
5:00 PM: Beverage break & poster session

6:00 PM: Rapporteur from CRB-CZO to summarize poster session and to lead plenary discussion

6:30 PM: Break for dinner; JRB-SCM CZO overview with Jemez Basin Virtual Tour (Group)

Tuesday, May 10th

Tour of Santa Catalina Mountains CZO Buses leave Biosphere 2 at 7:00 am — Babad Doag Vista - Mt.
Bigelow eddy covariance tower - Marshall Gulch catchment experiments

Wednesday, May 11th
7:45 Wireless Sensor Demonstration - B2 Lawn (Steve Glaser)

Session 3 — Ground and Surface Water Dynamics (hillslope and ground water hydrology, deep
subsurface fluid flow, stream water response, hydrograph separation, end-member-mixing, catchment
biogeochemistry, sediment transport)

8:30 AM: Introduction by session convener (Jen Mclntosh)

8:35 AM: Keynote lecture (Kip Solomon, U. Utah) Groundwater Surface Water Interactions: Historical
Context and the Transit Time Distribution as a Unifying Theoretical Framework (25 min + 10 min
discussion)

9:10 AM: Marek Zreda et al. COSMOS project. (10 min + 5 min discussion)

9:25 AM: Louis Kaplan et al. (CR-CZO). In-situ measurements of stream water organic carbon, nitrate,
and suspended solids with a UV-VIS diode array spectrophotometer probe (10 min + 5 min discussion)

9:40 AM: Peter Hartsough et al. (SS-CZO). Soil moisture and tree water status dynamics in mixed-
conifer forest, Southern Sierra CZO, CA (10 min + 5 min discussion)

9:45 AM: Poster introductions (brief 2-min, 1 slide overviews of poster content; 15 posters ~ 35 min)
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10:20 AM: Coffee break & poster session

11:30 AM: Rapporteur from SSH-CZO to summarize poster session and to lead plenary discussion
12:00 AM: Break for lunch (Steering Committee to meet with NSF and PIs)

1:30 PM - 2:30 PM: X-CZO Breakout Group Discussions Six or so X-CZO/X-disciplinary subgroups (ca.
15 people each): What is needed in a roadmap to a unified theory of critical zone structure, function and
evolution?

Concurrent: Steering Committee to meet with NSF and Pls.

2:30 PM - 3:00 PM: Reporting back of subgroups (5 min each)

Session 4 — Critical Zone Evolution (geophysical characterizations of subsurface structure, landscape
evolution over geologic time scales, valley density development, surficial erosion, soil production
functions, flow path development, geomorphology)

3:00 PM Introduction by session convener (Jon Pelletier)

3:05 PM: Keynote lecture (Oliver Chadwick, UCSB) Climate/weathering control on hillslope
morphology in tectonically quiescent regions (25 min + 10 min discussion)

3:40 PM: Douglas Jerolmack (LM-CZO) Controls and feedbacks of particle size and mobility: Bringing
down mountains one grain at a time (10 min + 5 min discussion)

3:55 PM: Nicole West et al. (SSH-CZO) Toward an understanding of landscape change in the
Susquehanna Shale Hills CZO: Preliminary estimates of soil residence using °Be (10 min + 5 min
discussion)

4:10 PM: Bob Anderson et al. (BC-CZO) Of damage zones, reactors and conveyor belts: a
geomorphologist’s view of the long-term evolution of the critical zone (10 min + 5 min discussion)

4:25 PM: Poster introductions (brief 2-min, 1 slide overviews of poster content; 15 posters ~ 35 min)

5:00 PM: Beverage break & poster session

6:00 PM: Rapporteur from BC-CZO to summarize poster session and to lead plenary discussion

6:30 PM: Break for dinner; Landscape Evolution Overview (Steve DelLong)

8:30 PM: Closing lecture: What have we learned? (Ron Amundson, UCB)

Thursday, May 12th

Workshop to develop (i) questions, (ii) hypotheses, (iii) approaches, and (iv) methods for X-CZO network

pursuit (open to all).
Concurrent Data Management Group breakout session.

NSF Workshop Report: Towards a Unifying Theory of Critical Zone Structure, Function and Evolution 17



Jun Abrajano
National Science Foundation

tabrajan aT nsf,gov

Nate Abramson

Jemez-Santa Catalina CZO
Univ. of Arizona

nabramso aT email.arizona,edu
Ronald Amundson

Keynote Speaker

UC - Berkeley

earthy aT berkeley,edu

Bob Anderson

Boulder Creek CZO

Univ. of Colorado

andersrs aT colorado,edu
Suzanne Anderson

Boulder Creek CZO

Univ. of Colorado
suzanne.anderson aT colorado,edu
Melanie Arnold

Database Manager - CRB
Stroud Center

marnold aT stroudcenter,org
Deborah Aruguete

National Science Foundation

daruguet aT nsf,gov
Anthony Aufdenkampe
Christina River Basin CZO
Stroud Center
aufdenkampe aT stroudcenter,org
Jerad Bales

CZO Steering Committee
USGS

jdbales aT usgs,gov

Larry Band

Keynote Speaker

Univ. North Carolina
Iband aT email.unc,edu

Participant List

Holly Barnard

Boulder Creek CZO

Univ. of Colorado
holly.barnard aT colorado,edu
Enriqueta Barrera

National Science Foundation

ebarrera aT nsf,gov

Greg Barron-Gafford
Jemez-Santa Catalina CZO
Univ. of Arizona

gregbg aT email.arizona,edu
Asmeret Asefaw Berhe
Southern Sierra CZO

UC - Merced

aaberhe aT ucmerced,edu
Steve Berukoff

NEON

sberukoff aT neoninc,org
Susan Brantley
Susquehanna Shale Hills CZO
Penn State Univ.

sxb7 aT psu,edu

Dave Breshears
Jemez-Santa Catalina CZO
Univ. of Arizona

daveb aT email.arizona,edu
Gilles Brocard

Luquillo CZO

Univ. of Pennsylvania
gbrocard aT sas.upenn,edu
Patricia Brooking

National Science Foundation

pbrookin aT nsf,gov

Paul Brooks

Jemez-Santa Catalina CZO
Univ. of Arizona

pdbroos aT email.arizona,edu

Patrick Broxton
Jemez-Santa Catalina CZO
Univ. of Arizona

broxtopd aT arizona.email,edu
Kristen Brubaker
Susquehanna Shale Hills CZO
Penn State Univ.

kmb292 aT psu,edu

Oliver Chadwick

Keynote Speaker

UC - Santa Barbara

oac aT geog.ucsb,edu

Emily Charaska

Jemez-Santa Catalina CZO
lowa State Univ.

charemil aT isu,edu
Chunmei Chen

Christina River Basin CZO
Univ. of Deleware

cmchen aT udel,edu

Jon Chorover

Jemez-Santa Catalina CZO
Univ. of Arizona

chorover aT cals.arizona,edu
Rory Cowie

Boulder Creek CZO

Univ. of Colorado
rory.cowie aT colorado,edu
Christopher Crosby
Database Manager

San Diego Super Computer Ctr
ccrosby aT sdsc,edu

Paul Cutler

National Science Foundation

pcutler aT nsf,gov

Stephen Delong
Jemez-Santa Catalina CZO
Univ. of Arizona

sdelong aT email.arizona,edu

CZO All Hands Meeting, Biosphere 2, May 8-12, 2011



Louis Derry

CZ0 Steering Committee
Cornell Univ.

derry aT cornell,edu

Charley Driscoll

CZO Steering Committee
Univ. of Syracuse

ctdrisco aT syr,edu

Jessica Driscoll

Jemez-Santa Catalina CZO
Univ. of Arizona

jmd aT email.arizona,edu
Christopher Duffy
Susquehanna Shale Hills CZO
Penn State Univ.

cxd11 aT psu,edu

Matej Durcik

Database Manager - JSC
Univ. of Arizona

mdurcik aT email.arizona,edu
David Eissenstat
Susquehanna Shale Hills CZO
Penn State Univ.

dme9 aT psu,edu

Jacob Flanagan

Southern Sierra CZO

UC - Merced

jflanagan3 aT ucmerced,edu
Melissa Foster

Boulder Creek CZO

Univ. of Colorado
melissa.a.foster aT colorado,edu
Rachel Gabor

Boulder Creek CZO

Univ. of Colorado
rachel.gabor aT colorado,edu
Katie Gaines

Susquehanna Shale Hills CZO
Penn State Univ.

kpgaines aT psu,edu

Participant List

Susan Gill

Christina River Basin CZO
Stroud Center

sgill aT stroudcenter,org
Steven Glaser

Southern Sierra CZO

UC - Berkeley

glaser aT berkeley,edu
Steven Goldsmith

Luquillo CZO

Brown Univ.
steven_goldsmith aT brown,edu
Michael Goulden

Southern Sierra CZO

UC - Irvine

mgoulden aT uci,edu

Chris Graham

Susquehanna Shale Hills CZO
Penn State Univ.

cbgl12 aT psu,edu

Gordon Grant

CZ0O Steering Committee
Oregon State

gordon.grant aT oregonstate,edu
Steven Hall

Luquillo CZO

UC - Berkeley

stevenhall aT berkeley,edu
Xingxing Hao

Luquillo CZO

Univ. of Pennsylvania
haoxing aT sas.upenn,edu
Adrian Harpold

Jemez-Santa Catalina CZO
Univ. of Arizona

aharpold aT email.arizona,edu
Peter Hartsough

Southern Sierra CZO

UC - Davis

phartsough aT ucdavis,edu

Elisabeth Hausrath

Keynote Speaker

UNV - Las Vegas
Elisabeth.Hausrath aT unlv,edu
Ingo Heidbuechel
Jemez-Santa Catalina CZO
Univ. of Arizona

ingohei aT hwr.arizona,edu
Steve Hicks

Christina River Basin CZO
Stroud Center

shicks aT stroudcenter,org
Eve-Lyn Hinckley

Boulder Creek CZO

Univ. of Colorado
eve.hinckley aT colorado,edu
Richard Hooper

CUAHSI

rhooper aT cuahsi,org

Jan Hopmans

Southern Sierra CZO

UC - Davis

jwhopmans aT ucdavis,edu
Leslie Hsu

Database Manager - SSh
Columbia Univ.

lhsu aT Ideo.columbia,edu
Carolyn Hunsaker
Southern Sierra CZO

USFS

chunsaker aT fs.fed.us
Shreeram Inamdar
Christina River Basin CZO
Univ. of Deleware
inamdar aT udel,edu
Angela Jardine
Jemez-Santa Catalina CZO
Univ. of Arizona

ajardine aT email.arizona,edu

CZO All Hands Meeting, Biosphere 2, May 8-12, 2011



Douglas Jerolmack

Luquillo CZO

Univ. of Pennsylvania
sediment aT sas.upenn,edu
Lixin Jin

Susquehanna Shale Hills CZO
UT - El Paso

ljin2 aT utep,edu

Chris Jones

Jemez-Santa Catalina CZO
Univ. of Arizona

jones12 aT email.arizona,edu
Louis Kaplan

Christina River Basin CZO
Stroud Center

lakaplan aT stroudcenter,org
Diana Karwan

Christina River Basin CZO
Stroud Center

dkarwan aT stroudcenter,org
Anne Kelly

Southern Sierra CZO

UC - Irvine

akellyl aT uci,edu

Patrick Kelly

Boulder Creek CZO

Univ. of Colorado

pkpatkel aT gmail.com

Carol Kendall

CZ0 Steering Committee
USGS

ckendall aT usgs,gov

Branko Kerkez

Southern Sierra CZO

UC - Berkeley

bkerkez aT berkeley,edu
Nicole Khan

Luquillo CZO

Univ. of Pennsylvania

khann aT sas.upenn,edu

Participant List

Eric Kirby

Susquehanna Shale Hills CZO
Penn State Univ.

ekirby aT psu,edu

Peter Kirchner

Southern Sierra CZO

UC - Merced

pkirchner aT ucmerced,edu
Abigail Langston

Boulder Creek CZO

Univ. of Colorado
abigail.langston aT colorado,edu
Olesya Lazareva

Christina River Basin CZO
Univ. of Deleware

olazarev aT udel,edu
Miguel Leon

Database Manager - LQ
Univ. of Pennsylvania
leonmi aT sas.upenn,edu
Del Levia

Christina River Basin CZO
Univ. of Deleware

dlevia aT udel,edu

Henry Lin

Susquehanna Shale Hills CZO
Penn State Univ.

henrylin aT psu,edu
Kimberly Litwin

Luquillo CZO

Univ. of Pennsylvania
klitwin aT gmail.com

Hank Loescher

NEON

hloescher aT neoninc,org
Rebecca Lybrand
Jemez-Santa Catalina CZO
Univ. of Arizona

rlybrand aT email.arizona,edu

Lin Ma

Susquehanna Shale Hills CZO
UT - El Paso

Ima aT utep,edu

Taufique Mahmood
Jemez-Santa Catalina CZO
Arizona State Univ.
tmahmood aT asu,edu
William McDowell

Luquillo CZO

Univ. of New Hampshire
bill.mcdowell aT unh,edu
Jennifer Mcintosh
Jemez-Santa Catalina CZO
Univ. of Arizona

mcintosh aT hwr.arizona,edu
Thomas Meixner
Jemez-Santa Catalina CZO
Univ. of Arizona

tmeixner aT hwr.arizona,edu
Xiande Meng

Database Manager - SoS

UC - Merced

xmeng aT ucmerced,edu
Rebecca Minor

Jemez-Santa Catalina CZO
Univ. of Arizona

riminor aT email.arizona,edu
Bhaskar Mitra

Jemez-Santa Catalina CZO
Univ. of Arizona
bhaskar.mitra6 aT gmail.com
Noah Molotch

Boulder Creek CZO

Univ. of Colorado
noah.molotch aT colorado,edu
Russ Monson

Keynote Speaker

Univ. of Arizona

russmonson aT email.arizona,edu

CZO All Hands Meeting, Biosphere 2, May 8-12, 2011



Krystine Nelson

Jemez-Santa Catalina CZO
Univ. of Arizona

nelsonkl aT email.arizona,edu
Marcie Occhi

Luquillo CZO

Univ. of Pennsylvania

occhim aT sas.upenn,edu
Caitlin Orem

Jemez-Santa Catalina CZO
Univ. of Arizona

oremc aT email.arizona,edu
Weinan Pan

Christina River Basin CZO
Univ. of Deleware

wpan aT udel,edu

Shirley Papuga

Jemez-Santa Catalina CZO
Univ. of Arizona
shirley.papuga aT gmail.com
Jon Pelletier

Jemez-Santa Catalina CZO
Univ. of Arizona

jdpellet aT email.arizona,edu
Julia Perdrial

Jemez-Santa Catalina CZO
Univ. of Arizona

jnperdri aT email.arizona,edu
Allison Peterson
Jemez-Santa Catalina CZO
Univ. of Arizona

ampeters aT email.arizona,edu
Colin Phillips

Luquillo CZO

Univ. of Pennsylvania

colinp aT sas.upenn,edu
Courtney Porter
Jemez-Santa Catalina CZO
Univ. of Arizona

portercm aT email.arizona,edu

Participant List

Heather Powell
NEON

hpowell aT neoninc,org
Craig Rasmussen
Jemez-Santa Catalina CZO
Univ. of Arizona

crasmuss aT cals.arizona,edu
Carl Rosier

Christina River Basin CZO
Univ. of Deleware

crosier aT udel,edu

Karen Salvage

Susquehanna Shale Hills CZO
Binghamton Univ. (SCNY)
ksalvage aT binghamton,edu
Fred Scatena

Luquillo CZO

Univ. of Pennsylvania

fns aT sas.upenn,edu
Marcel Schaap

Jemez-Santa Catalina CZO
Univ. of Arizona

mschaap aT cals.arizona,edu
Martha Scholl

Luquillo CZO

USGS

mascholl aT usgs,gov

Kim Schreuders

Database Manager

Utah State Univ.
kim.schreuders aT usu,edu
Jamie Shanley

Luquillo CZO

USGS

jshanley aT usgs,gov

Kip Solomon

Keynote Speaker

Univ. of Utah

kip.solomon aT utah,edu

Kyongho Son

Southern Sierra CZO

UC - Santa Barbara

kson aT bren.ucsb,edu

Don Sparks

Christina River Basin CZO
Univ. of Deleware

disparks aT udel,edu

Erin Stacy

Southern Sierra CZO

UC - Merced

estacy aT ucmerced,edu
Clare Stielstra

Jemez-Santa Catalina CZO
Univ. of Arizona

cmstiels aT email.arizona,edu
Madeleine Stone

Luquillo CZO

Univ. of Pennsylvania
madstone aT sas.upenn,edu
Tyson Swetham
Jemez-Santa Catalina CZO
Univ. of Arizona

tswetnam aT email.arizona,edu
Christina Tague

Southern Sierra CZO

UC - Santa Barbara

ctague aT bren.ucsb,edu
David Tarboton

Database Manager

Utah State Univ.

dtarb aT usu,edu

Aaron Thompson

Luquillo CZO

Univ. of Georgia

AaronT aT uga,edu

Laura Toran

Susquehanna Shale Hills CZO
Temple Univ.

Itoran aT temple,edu

CZO All Hands Meeting, Biosphere 2, May 8-12, 2011



Thomas Torgersen
National Science Foundation

ttorgers aT nsf,gov

Peter Troch

Jemez-Santa Catalina CZO
Univ. of Arizona

patroch aT hwr.arizona,edu
Greg Tucker

Boulder Creek CZO

Univ. of Colorado

gtucker aT colorado,edu

Jim Washburne

Jemez-Santa Catalina CZO
Univ. of Arizona

jwash aT hwr.arizona,edu
Beth Wenell

Christina River Basin CZO
Univ. of Minnesota
beth.wenell aT gmail.com
Nicole West

Susquehanna Shale Hills CZO
Penn State Univ.

nxw157 aT psu,edu

Tim White

Susquehanna Shale Hills CZO
Penn State Univ.

tsw113 aT psu,edu

Thomas Whitenack
Database Manager

San Diego Super Computer Ctr
twhitenack aT sdsc,edu

Jane Willenbring

Luquillo CZO

Univ. of Pennsylvania
erosion aT sas.upenn,edu
Jennifer Williams
Susquehanna Shale Hills CZO
Penn State Univ.

jzw126 aT psu,edu

CZO All Hands Meeting, Biosphere 2, May 8-12, 2011

Participant List

Mark Williams

Database Manager

Univ. of Colorado

markw aT snobear.colorado,edu
Chi Yang

Database Manager - BC

Univ. of Colorado

Chi.Yang aT colorado,edu
Kyungsoo Yoo

Christina River Basin CZO
Univ. of Minnesota

kyoo aT umn,edu

Xuan Yu

Susquehanna Shale Hills CZO
Penn State Univ.

xxy113 aT psu,edu

Dragos Zaharescu
Jemez-Santa Catalina CZO
Univ. of Arizona

zaharescu aT email.arizona,edu
Xavier Zapata

Jemez-Santa Catalina CZO
Univ. of Arizona

Xavierzapata aT email.arizona,edu
llya Zaslavsky

Database Manager

San Diego Super Computer Ctr
zaslavsk aT sdsc,edu

Marek Zreda

COSMOS

Univ. of Arizona

marek aT email.arizona,edu



