EON-ROSE (and CCArray)

Presented by: Katherine Boggs (MRU)
Eaton, D., Sideris, M., Donovan, E. (UofC), Hyndman, R., James, T., Ulmi, M. (PGC/UVic), Audet, P. (UofO), Elliot, J. (Purdue),
Freymueller, J. (UAF; EarthScope), Aster, R., Schutt, D. (CSU), Rowe, C. (McGill), Morell, K. (UCSB), Leonard, L. (UVic), and many others

Concept:

1. Create new research
networks to improve holistic
understanding of entire
Earth Systems

2. Make Earth Systems science
main stream (community
engagement & outreach)

3. Public benefits — hazard
mitigation, strategic

The Blue Marble significance for
(Apollo 17 — Dec 7, 1972; ~45,000km) tI'anSpOI'tation COI’I‘idOI’S

Godfrey Nowlan: “We have only one planet and it is important to us”




Takeaways

1. New pan-Canadian research initiative
2. Call for collaborations — intrigued?
Want to be involved?
Is there someone else who we should talk to?
3. Comments, suggestions?
4. Please spread the word

Please contact one of the authors (or Katherine Boggs
at kboggs@mtroyal.ca)



“EON-ROSE” — Motivation:
(Earth Systems Observation Network)

Maintain North American Mega Earth Sciences Research Program Momentum

Earthscope (IRIS)

TA — 2226 sites
LITHOPROBE .
1000 geoscientists >290 scientific pubs 2009 to 2013

& 1500 scientific pubs (2004 to ~2020)
(1 984 tO 2004) http://www.earthscope.org

(Hammer et al 2011; GSA Today)

“EON-ROSE?”
~2018 to ???

1111111

Consortium for Continental
Reflection Profiling
11,000km - 30 US states

(~1980 to 1997)

http://www.geo.cornell.edu/geology/cocorp/COCO
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Why? Auroras through Critical Zone To Tomography?

Need to understand entire

Earth Systems before

s

Decades
N

Minutes sustaining services

e

+ Clean water

& Earth's permeable near-

Magnetosphere & Auroras \¢ ere "‘W | surface layer from the tops
(SWARM (ESA) Iogo) k M of the trees to the bottom of
$ : actively cycling groundwater.
Hydrosphere \(,
B ol

Lithosphere . Where rock._ soﬂ._water, air, and
living organisms interact and

30' 7 shape the Earth's surface.
. + Critical to sustaining the earth’s

Millenia Ukl - * Productive soi
+ Balanced atm

—
Ty
Ty
T A
o e AN

Eons e

S

Hillslope <> Catchment <> Watershed
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We can be sustainable

to support humanity
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(Sigloch et al, 2008; Nature Geoscience)




EON-ROSE - Possibilities

Limited by Imagination:

1. Entire Earth Systems

2. Magnetosphere and Space Weather

3. Environmental Monitoring

4. Numerical Weather Modeling

5. Pre-emptive Mineral Exploration Program

6. Critical Zone — Arctic, Coastal, Carbonates
-Bumble bees and soil

6. Tomography

7. Also hazards...




THE CARBON CYCLE
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Why care about space weather?

' & St 35:28‘ 50
: THE CARRINGTON EVENT
TH]; I:'A'RGEST KNOWN GEOMAGNETIC STORM
CAUSED. BY: As\MASSIVE SOLAR ELARE IN 1859
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v kﬁ - AURORA AUSTRALI'S*WAS OBSERVED

AS. FAR NORTH'AS OQEENSLAND,AU STRALIA '
e
AURORA BOREALIS AS FAR SOUTH
AS THE CARIBBEAN AND HAWAII

PEOPLE IN THE NORTHERN US COULD
READ THE NEWSPAPER AT NIGHT
* FROM THE AURORA’S LIGHT AND,
TELEGRAPH SYSTEMS WENT HAYWIRE

One “Carrington” event today would cause >1T$ of damage
-destroy all satellites and severely damage most power grids

www.bibliotecapleyades.net
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Environmental Monitoring Using
Geophysical Networks
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Topics

GNSS - Global Navigational Satellite
System (US GPS + Chinese, European, etc)

* Weighing the Water
* Snow, glaciers, groundwater, drought

» Reflectometry for Sensing the Surface
« Snow depth, Tide levels, permafrost
» Soil moisture, vegetation water content



Earth is an Elastic “Scale”

Height (mm)
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Changing surface forces due to weight of
water (liquid, snow, groundwater) causes
deformation of solid Earth and change in
gravity field.

Elastic loading relates surface load model
to deformation.



Comparing GPS and GRACE

Vertical Displacement (m)
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(2012)



Seasonal Hydrologic Loading in

Southern Alaska
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West Coast Drought

Adrian Borsa
University of California, San Diego

GPS vertical displacement (mm)

GPS provides a new observational

Folsom Lake, July 2011
T EE——

Y
3 ?Q‘c 2011

Maps of GPS points in the western U.S., with
blue indicating a drop in land height and
yellow-red reflecting a rise.
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Borsa et al. (2014)



Geometry of |
Multipath . V4 GPS Signal

Transmitted at 1.5 GHz
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. ) frequency, and the
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/e o Reflected Footprint depends on H
and e.

Antenna-H-2.5m
V4

GPS site becomes an interferometer from K. Larson
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The Accidental Tide Gauge
Peterson Bay, Alaska

Larson, K.M., R. Ray, F. Nievinski, ahd J.
. Freymueller (2013)

R R et ol g N sy e
Y” was originally installed by UAF Gl (Freymueller and
_ others) to monitor crustal deformation
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Comparison between GPS and Seldovia NWLON Record
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Larson et al., The Accidental Tide Gauge, IEEE GRSL, 2013



Snow Depth Sites in Alaska

¥ Snow

Snow depth(m)
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http://xenon.colorado.edu/portal




Geophysical Disaster Computational Fluid Dynamics Center

* University of British Columbia — Vancouver ¢ Dept. of Earth, Ocean & Atmospheric Sciences ® Weather Forecast Research Team ¢ Directed by Prof. Roland Stull e

The Value of Weather
Observations for Numerical
Weather Prediction

Roland Stull & Rosie Howard
University of British Columbia (UBC)
Vancouver, Canada
Aug 2017

CCArray Workshop - Victoria - Aug 2017

Topics:

NWP Overview
Ensemble Fcsts.
Nowcasting
Applications
Weather Obs. Sites

Ok owh~

Colleagues:
Dominique Bourdin
Maggie Campbell
Tim Chui

Anthony DiStefano
Maria Frediani

Matt Fung

Rosie Howard

Yu Ito

Bryan Jansens
Julia Jeworrek
Henryk Modzelewski
Nadya Moisseeva
Pedro Odon

Kyle Sha

Roland Schigas
David Siuta

Greg West




Geophysical Disaster Computational Fluid Dynamics Center

e University of British Columbia — Vancouver e Dept. of Earth, Ocean & Atmospheric Sciences ® Weather Forecast Research Team e Directed by Prof. Roland Stull e

What we do. e 2010 Winter Olympics
Weather Forecasts for * Project Firestorm

. . ® Rocketsonde Buoys
Special Events/Projects e Canadian Arctic

2010 VANCOUVER WINTER OLYMPIC GAMES

B Sponsor: 2010

Vancouver Olympic
Committee & OTP

Region: Whistler,
Callaghan, Cypress
Ski Resorts, BC.
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Sponsor: Forest
Renewal BC

Region: BC.

Moss Fire Complex
Full Spectrum Digital Image
08/26/2001 5:41:27 PM

Research aircraft
observations of
active forest fires | ‘
to verify our - . | E Vhat i " e e
coupled =2l )0} § i
forest-fire /
weather-forecast
models.

photos by R. Stull

Sponsor: Canadian Foundation for
Climate & Atmospheric Science (CFCAS)

Prototyping of an autonomous rocket
sounding system for data upwind of BC.

Rocket Buoy System (RBS)

Rocketsonde Development
at UBC

C: North D - WRFG

P S Strategic E>.<pansior1
L == into Canadian Arctic

7. to serve northern
communities, diamond
exploration, shipping,

& aviation.
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What is the Critical Zone®? (west (cMu) AGU 2017)

modified from nsf.org

-from the top of the tree canopy to
the deepest penetration of
groundwater

-region where life interacts with the
hydrosphere, lithosphere, and
atmosphere

Therefore, understanding the
functioning of the critical zone and
how it evolves is of “critical”
importance

Critical Zone Science examines
the interactions between these
spheres at a range of spatial and
temporal scales



Fundamental architecture - governed by the transformation of
bedrock to regolith

CRITICAL ZONE
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MATERIAL
soil (material
with horizons)
and/or regolith
(disaggregated,
transportable
material)
saprolite
(thoroughly
weathered rock
that has not
been trans-
ported)

fractured and
weathered rock

fractured rock

fresh rock

PROCESS

mechanical,
chemical, biological,
and transport

regolith production

chemical

mechanical and
chemical

mechanical

weathered rock
production

Anderson et al., 2007

What are the
primary processes
and rate laws that
set the physical
characteristics of
the Critical Zone?

How does the
architecture of the
critical zone change
In response to
climatic, base level,
and land use
perturbations?



CZO: provides a natural laboratory to study the effects of
lithology, climate, and tectonics on surface and near-surface
processes

4 National Critical Zone Ob x! 7—

criticalzone.org

e, EPEY .. - I e i
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v rs ’

CZO ’ CRITICAL ZONE OBSERVATORIES
U.S. NSF NATIONAL PROGRAM About | News | Events | Opportunities | Contact

f Research Infrastructure Data Models Publications People Education/Outreach

WE STUDY THE CRITICAL ZONE RE'YNOLDS"-g‘.: >
Our ten U.S. environmental observatories study Earth's outer skin - where water, ; \ féﬁoLDER SKIML SHALE HILLS

CHRISTINA
% ' CATALINA /

atmosphere, ecosystems, soil & rock interact.

WATCH A SHORT VIDEO >>
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Supported by ti‘ne Y el LUQUILLO
National Science Foundation




Critical Zone Observatory Plan for CCArray

“Legacy Stations”

% Partial CZO in place

T - Tuktoyaktuk e e o
Kl - Kluane :
C - Calvertlisland
Q - Quesnel River

Ka - Kananaskis
A - ASCCA

Ka A‘- = e Mg ) 6
10 p———

% Proposed new CZO

In - Inuvik
NW — Norman Wells

Terrestrial ecozones

Arctic Cordillera Boreal Plains
EP - Eagle Plains < mm—
WL - Watson Lake Southern Arctic Talga Cordillera
PR - Prince Rupert Taiga Plains Boreal Cordillera
GP - Grand Prairie (or) Talga Shield Bl rocific Maritime
TR _ Tumbler Rldge Boreal Shield Montane Cordiliera

(Stats Canada)



Why care about tomography?

Improve
understanding
of subduction
slab mechanics

400
Greatly
improved
resolution
possible
due to array

800

Depth (km)

1,200

50°

(Sigloch et al, 2008; Nature Geoscience)

Bird’s eye view from ne of Cascadia subduction system. Me (dashed) —
continuation of Mendocino fracture zone underground. SG (solid) — slab gap;

2500km long tear in the current subducting slab. The dotted line represents the
lateral tear between upper and lower mantle.



“Mini Himalayas” Yakutat Block

- e
~140 420
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' North America
\ Plate

Orogenic Float Model

(Mazzotti et al 2008)

Cold Hot weak backarc Cold stable
incoming “orogenic belt” ocean plate
terrane
Yakutat Thrust
Collision Front
Zone
St. Elias Mtns. B /

former trench

Weak lower crust ~800°C Delta

(Hyndman & Mazzotti 2002)



First White Paper — Cascadia Forearc active fault

(Amos (WWU), Harrington (McGill), Kirkpatrick (McGill), Leonard (UVic), Levson (UVic),
Liu (McGill), Morrell (UVic), Regalla (Boston U) , Rowe (McGill); Morrell et al GSA Today
2016)
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Red - active crustal faults
No previous active faults ID in Canada

Recent lidar, field work, &
paleoseismic trenching

- large (M6-7) late Quaternary
Eq on Leech River Fault

Proposed:

Expand lidar, seismic, GPS

- fieldwork, trenching

- ID other active crustal faults in
western (and NW) Canada



Subduction initiation

Haida Gwan Margin
-partition of oblique
convergence into strike slip
-2012 thrust Eq

(Hyndman et al 20 1 4) M 7.8, Queen Charlotte Islands, Canada
region
Q.C. Terrace M8.1 strike-slip Deptr;: 14.00 km (é.?U mi) b
accr. sed. prism &71949 (to north)

(moving to NW)

: Defined by
..... Rec. Fn.
analysis

Data LDEO-Columbia, NSF, NOAA
© 2016 Google
Image Landsat
Data SIO, NOAA, U.S: Navy. NGA, GEBCO

Mw 7.8 thrust
earthquake, 2012

(between Pacific plate
and accr. prism)




Induced seismicity; eastern margin Canadian Cordillera
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(Atkinson et al 2016)

Ovals — seismicity
attributed to:
Hydraulic fracturing
(H)
Wastewater
injection (W)
Production (P)

Grey line —
expected rates for
stationary process



Next Steps?

1. Funding — estimate cost $45M for CCArray
a) Seed Funding ($300K) from UofCalgary

b) Workshops supported by NSERC CONNECT
Grants, Nanometrics, MRU and Uof Ottawa

c) Web design and outreach grant from Cdn
Geoscience Foundation

d) MOU being processed with Helmholtz Association

iIn Germany for 40-50 stations that will start being
installed summer 2019

e) More NSERC, CFlI, proposals soon...also US NSF




Station #1:

Kluane Lake Research Station; YK
Summer 2018 (complete this week)
Seed Funding UofCalgary

[

DRI




2. Adopt TA stations in Canada
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Start planning
For both
EON-ROSE
(and CCArray)

EON-ROSE Potential Sites

Rock vpe

2,500 Kilometers
J

- Intrusive rocks (337) Sedimentary rocks (729)
- Metamorphic rocks (210) Unknown (81)
Sedimentary and Volcanic rocks (12) - Volcanic rocks (81)



Upcoming events:

Fall 2018 — 2"d CCArray Townhall
Keep developing website (ccarray.org)

Start developing the Community Science Liaison
program — community engagement and outreach

SINOPROBE Conference October 2018
AGU CCArray Dinner #2 Washington, Dec 18
IUGG July 8-18, 2019 Montreal

Penrose — EarthScope Transition to EON-ROSE
(Sept 2019 Sitka to Whitehorse); 1st annual

Many more funding applications...

FUTURE - Design EON-ROSE




Takeaways

1. New pan-Canadian research initiative
2. Call for collaborations — intrigued?
Want to be involved?
Is there someone else who we should talk to?
3. Comments, suggestions?
4. Please spread the word

Please contact one of the authors (or Katherine Boggs
at kboggs@mtroyal.ca)



