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Outline

« GEOSS project intro

* Finding, browsing, and accessing water data time
series

« Federating regional and national water data

* NASA land surface dynamics modeling and viz
 Integrating flood apps for monitoring & prediction
« Water quality data services

« Coming: WMO Hydrological Observing System and
other connections to UN agencies
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GEOSS Introduction

« GEOSS: Global Earth Observation System of Systems

— Hosted by GEO (Group on Earth Observations) to publish
Earth observation datasets from 92 member countries

— GEO home page: http://www.earthobservations.org/
— GEOSS search portal: http://www.geoportal.org/

— Enables distributed search among dozens of catalogs,
accessing millions of data services, following international
data exchange standards (ISO, WMO, OGGC, ...)

— Data is organized around 9 Societal Benefit Areas (SBAs):
Water, Weather, Climate, Biodiversity, Ecosystems,
Energy, Agriculture, Health, Disasters

« GEOSS AIP (Architecture Implementation Pilot)

— Series of 1-year project cycles to implement GEOSS, started
in 2007; AIP-6 complete in 2013; AIP-7 in progress.
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GEOSS Water Services: Key Objectives

Current international data exchange standards work mainly at the
Internet level, still need refining for consistency of terms and usage
within and across international hydrology communities...

This project advances water data sharing by:

1. Improving cross-domain discovery and access to global hydrology data

2. Integrating global drought and flood awareness capabilities among
multiple international agencies and research centers

3. Enabling federation of regional & national water data around a common
information model and service architecture, to enable national-level
situation awareness on-demand

4. Working with WMO data centers (GRDC, GPCC), UNEP GEMS/Water,
and UNESCO Institute for Hydrology Education (Delft) to advance &
leverage authoritative sources with global outreach

5. Active capacity building in Latin America for a GEOSS of the Americas
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GEOSS AIP Water Services Team ( newmemvers)

Academic

University of Texas at Austin, USA
Brigham Young University, USA
University of Saskatchewan, Canada
Feng Chia University, Taiwan *
George Mason University, USA *

Community Labs, Portals

CUAHSI Water Data Center, USA

Dartmouth Flood Observatory, USA *

NASA Goddard Hydrological Science Lab, USA

NASA Goddard Earth Sciences DISC, USA

Federal Institute of Hydrology, Germany * (supporting GRDC, GPCC, GEMS/Water)
EC Joint Research Centre (JRC), Italy

European Centre for Midrange Weather Forecasting (ECMWF), UK

Centre for Ecology and Hydrology, UK *

CEOS Water Portal (JAXA), Japan
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GEOSS AIP Water Services Team, cont’d

National and regional agencies

« [talian National Institute for Environmental Protection and Research (ISPRA)

« Regional Agency for Environmental Protection in Emilia-Romagna (ARPA-ER), Italy
* New Zealand National Institute of Water and Atmospheric Research (NIWA)

* Horizons Regional Council (HRC), New Zealand

Commercial Engineering & Software
» Esri, USA

+ Kisters AG, Germany

* Microsoft Research, USA
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GEOSS Portal:

connecting to community portals and other resources
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EARTH OBSERVATIONS I Discover, Access, Contribute

Earth Observations and Information & Services

- OV

SEARCH

|Gws | x

| Related Topics

:Stan Date @ End Date @

.. Showing list of Metadata's hyperlinks

GWS_GEOSS_Water_Services_Global_Streamflow t’

~ -~ Streamflow discharge time more ...
- ; . series metadata service \
encoded in WFS. The ,
WaterMLURI field in the
$ “- metadata contains a URI
o that could be WSDL, SOS,
Kisters Query Service
(KiQS), USGS WaterML

Total Results: 5 Service, or other web
service endpoint for stream
m Analysis and visualization = Websites and documents Datasets discharge content in
WaterML 1.x or WaterML
2.0 encoding. CAVEAT: This Yy
Legend

J LAJ GWS_GEOSS_Water_Services_Global_Streamflow
2 Streamflow discharge time series metadata service encoded in WFS. The WaterMLURI field in the metadata contains a URI that could be WSDL,
SOS,

‘rCIick to read more...

u'_ﬁj &;’J EOSD-GWS: EOSD Forest Landcover of Canada - Grid-enabled WMS
. ‘ GWMS provides landcover classification maps of Canada, created from Landsat-7 ETM+ data (circa 2000). The Landcover products were produced
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Water Data Maps: Global Stream Gauges
Not just seeing data providers’ bounding boxes, but actual locations
of specific:data... (Esri ArcGIS Onfine web map viewer)

0 O

Dominican Republic §
. ltaly & New Zealand (real-time data, developed for AIP-6) ~  hipiibitly/191USPY




GROUP ON
EARTH OBSERVATIONS

Gauge description

and data links...

http://www.geoportal.org/ |

| (1 of 742)
Global - GRDC: NEAR CONCRETE,
WA

Source GRDC

Daily average
streamflow in cubic
meters per second

Description

SiteName NEAR CONCRETE,
WA

BeginDate 1924-10-01
EndDate 2009-01-12
SampleGraph More info
GraphURI More info
WaterML More info
WaterMLURI More info

WaterMLVersion 2.0 /
Download More info

DownloadURI More info

Zoom to

Y
WaterML fo
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O
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— NEAR CONCRETE, WA- Q- 10 - DailyMean

For quick|overview

2001 2002 2003 2004 2005 2008 2007
2000-10-01 00:00:00 - 2009-01-12 00:00:00 (GMT+01:00)

ISTERS KiQS Timeseries Graph generated 2014-03-13 20:54:25 GMT+01:00

—j -
#ts_id;2634042

2 |#rows;365

3 |#Timestamp;Value

4 |2008-01-13709:00:00.000+01:00;442.804625
S

6

2008-01-13T09:00:00.000+01:00;442.804625
2008-01-14T09:00:00.000+01:00;457.316875

§+88:01-15709 0+01:00;45Q.846__ =
11 |2008-01-16T709:00:00.000+01:00,410.24025
12 |2008-01-17T09:00:00.000+01:00;418.027375
13 |2008-01-17709:00:00.000+01:00,418.027375
14 |2008-01-18T709:00:00.000+01:00,368.47325
15 |2008-01-18709:00:00.000+01:00,368.47325
16 |2008-01-19T09:00:00.000+01:00;306.88375
17 |2008-01-19709:00:00.000+01:00,306.88375
18 |2008-01-20T09:00:00.000+01:00;342.275625
2008-01-20T09:00:00.000+01:00;342.275625
20 |2008-01-21709:00:00.000+01:00;350.067
21 |2008-01-21T09:00:00.000+01:00;350.067
22 |2008-01-22709:00:00.000+01:00;331.306875
23 |2008-01-22T09:00:00.000+01:00;331.306875
24 2008-01-23709:00:00.000+01:00;310.42325
25 |2008-01-23709:00:00.000+01:00;310.42325

2008

A KISTERS



- <wml2:point>
- <wml2:MeasurementTVP>
<wml2:time>2008-01-13T09:00:00.000+01:00</wml2:time>
<wml2:value>442.804625</wml2:value>
</wml2:MeasurementTVP>
</wml2:point>
- <wml2:point>
- <wml2:MeasurementTVP>
<wml2:time>2008-01-14T09:00:00.000+01:00</wml2:time>
<wml2:value>457.316875</wml2:value>
</wml2:MeasurementTVP>
</wml2:point>
- <wml2:point>
- <wml2:MeasurementTVP>
<wml2:time>2008-01-15T09:00:00.000+01:00</wml2:time>
<wml2:value>450.946</wml2:value>

Time series data, cont’d

- <wml2:point>
- <wml2:MeasurementTVP>
<wml2:time>2008-01-16T09:00:00.000+01:00</wml2:time>
<wml2:value>410.24025</wml2:value>
</wml2:MeasurementTVP>
</wml2:point>

— <wml2:Collection xsi:schemaLocation="http://www.opengis.net/waterml/2.0 http://www.opengis.net
/waterml/2.0/waterml2 xsd" gml:id="Ki.Col.1">
<gml:description>KISTERS KiWIS WaterML2.0</gml:description>

- <wml2:metadata>
— <wml2:DocumentMetadata gwaWOMILl 2-0
<wml2:generationDate>2014-03-13T20:00:12.973+00:00</wml2:generationDate>
<wml2:generationSystem>KISTERS KiWIS</wml2:generationSystem>
<wmi2:DocumentVPOecument metadata
</wml2:metadata>
- <wml2:temporalExtent>
— <gml:TimePeriod gml:id="Ki.TempExt.1">
<gml:beginPosition>2008-01-13T09:00:00.000+01:00</gml:beginPosition>
<gml:endPosition>2009-01-11T09:00:00.000+01:00</gml:endPosition>
</gml:TimePeriod>
</wml2:temporalExtent>

. <wle:observatio“ﬁgg:%‘!gsip_ (!Es | ﬂ>esc ri pt ion

- <om:OM_Observation g
-<omphenomenonaincPhenomena time
— <gml:TimePeriod gmlad="Ki.OksJimeal ">
<gml:beginPdSitio §>“ 0 .lmgmol:00<./gml:beginPosition>

<gml:endPosi;ionW&]d@(&%%O%O1 :00</gml:endPosition>

</gml:TimePeriod>

<./om:phen0menon-TimQ bserved pro perty
<om:resultTime> nF tlul'g Qf i “terest
- <gml:TimeInstaht g ‘eature
<gml:timePositio 9:00:00.000+01:00</gml:timePosition>
<./gml:TimeInstant>ml@g§]li I-E)

</om:resultTime> - Time series metadata
<om:procedure xlink:href:"Da)fmd" xlink:title="10 - Daila'lcai"b
<om:observedProperty xliffk:hr Jm;&ﬁﬂﬁﬁ atla
<om:featureOfInterest xlink:href="4145081" xlink:title="NEAR CONCRETE, WA"/>
<om:result>
- <wml2:MeasurementTimeseries gml:id="Ki.Ts.2634042">
- <wml2:defaultPointMetadata>
— <wml2:DefaultTVPMeasurementMetadata>
<wml2:qualifier xlink:href="40" xlink:title="40"/>
<wml2:uom code="cumec"/>
<wml2:interpolationType xlink:href="http://www.opengis.net/def/waterml]
/2 0/interpolationType/ConstPrec" xlink:title="Constant in preceding interval"/>
</wml2:DefaultT VPMeasurementMetadata>
</wml2:defaultPointMetadata>

- <wml2:point>
- <wml2:MeasurementTVP>
<wml2:time>2008-01-17T09:00:00.000+01:00</wml2:time>
<wml2:value>418.027375</wml2:value>
</wml2:MeasurementTVP>
</wml2:point>
- <wml2:point>
- <wml2:MeasurementTVP>
<wml2:time>2008-01-18T09:00:00.000+01:00</wml2:time>
<wml2:value>368.47325</wml2:value>
</wml2:MeasurementTVP>
</wml2:point>
- <wml2:point>
- <wml2:MeasurementTVP>
<wml2:time>2008-01-19T09:00:00.000+01:00</wml2:time>
<wml2:value>306.88375</wml2:value>
</wml2:MeasurementTVP>
</wml2:point>

</wml2:MeasurementTimeseries>
</om:result>
</om:OM_Observation>
</wml2:observationMember>
</wml2:Collection>
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Behind the map...

6
Return time series
data or graph

(WaterML, CSV)

/ ; _— (SOS)

; Data service
Community __—"_ Request data service for time series
Web Portal for time series of

. at one gauge
Discovery, Access selected gauge
and Visualization

1 / / 4
Request data about
q 2 Return gauge locations as a
[observed property]

Return list of Data 3 map layer (GML SF)
/ Y Providers’ map layers

Request map from each \
Data Provider about
[observed property]

(WEFS)

(CSW) Map of gauges (one layer

Catalog of per observed property) for
Data Providers’

) one Data Provider
gauge layers
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GEOSS promotes interdisciplinary discovery

Community
Web Portal
Discovery, Access (SOS)

and Visualization Data service

SSSSSSSSSSS
Discover, Accass, Contbute

www.geoportal.org
GEOSS

for time series

By I‘egistel‘ing the at one gauge
community portal

and its catalog in (CSW)

GEOSS, Catalog of (WFS)
. t d . . I. Data Providers’ Map of gauges (one layer
Interaisci p n ary gauge layers per observed property) for
users can more one Data Provider

easily discover
these resources
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Federating regional & national water data

« Without consistent use of standards for data content and
description, every water management agency would have a different
way of telling their story

* In this project, we have started convergence toward a common way of
describing water data time series among these countries:
— United States (USGS NWIS)
— ltaly (ISPRA/ARPA-ER)
— New Zealand (NIWA/HRC)
— Canada (USask GIWS for Environment Canada)
— Dominican Republic (through BYU)
— Honduras (through BYU)
— Nicaragua (through BYU)
— Guatemala (through BYU)
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Summary of Recommendations

1. Use OGC WaterML 2 for water-variable time series data
(streamflow, precipitation, runoff, etc).

2. Use OGC WFS or similar feature layer of water data sites;
one WFS service per data layer / producer.

3. Use consistent & minimal subset of time series description fields
in the WFS data service (this is a current discussion topic).

4. Use OGC SOS 2 as the web data service for WaterML 2, but be prepared
for the many sites running CUAHSI WaterOneFlow (WOF) web service

for WaterML 1.x data, and even WFS for WaterML time series data. Use
ISO 8601 for time expressions in the data service.

5. Each data provider could install and manage a catalog registry of
relevant time series descriptions (WFS feature layers), or use an
established community catalog for that purpose (eg, CUAHSI HIS Central).
This catalog should itself be registered in GEOSS.

WMO is advancing that the core WaterML be renamed TimeSeriesML, and

the hydrology-specific portion (still to be called WaterML) become a profile
of TimeSeriesML.
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Water Map Service Guidelines

There needs to be a consistent way of describing water data time series, that
would be followed by data producers and software developers.

With this project we are defining a minimal set of feature attributes which
characterize time series, for use between map viewer/client and WFS data service:

— WaterMLURL for a REST call to a separate data service endpoint, that enables a
time series to be queried from this location.

— GraphURL and DownloadURL for graphing or downloading the data, if available.
— BeginDate of the data (the time of first information, using ISO 8601 time format).
— EndDate of the data (make Null if this is current time).

— Descriptor — text descriptor of this feature (e.g. Site name for gaging station, COMID
for NHDPlus, etc)

— Source — text field that specifies the source of the data e.g. USGS, etc.

« If the EndDate field is empty (null), this means the data service is a near-real-time feed,
not just an historical dataset.

 The WaterML time series data is served by OGC Sensor Observation Service (SOS), or
in some cases, WFS as well.

«  FP7 GEOWOW (http://www.geowow.eu/) developed Hydrology Profile for SOS 2.0,
to provide unambiguous conventions for data service REST calls (OGC 14-004)
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Open source client apps in progress...

A browser-based WaterML Viewer (for all versions) is in development
at UT Austin: https://github.com/crwr/wmlviewer

WORLD WATER ONLINE

Global Water Services

These water services are provided by GEOSS

Choose from the parameters below to display an interactive map and chart

Streamfiow Precipitation Sodl Moisture water Levels

Streamflow HO®
Click and drag in the plot area to zoom in
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Flemish Water Resources

http://www.waterinfo.be/
WATERINFO.be

Portal of the Flemish Water managers

Maps and graphs ¥  Reports About waterinfo.be v

Current situation

Information (=] Map ? 0 Map overview ?
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“ G B
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Integrating gridded data and time series to E

understand and prepare for drought and floods
 NASA provides 28 (global) & 52 (N.America) water modeling outputs
from the Land Data Assimilation System (LDAS)

 These are gridded at 1/4-degree / 3-hr mtervals (global) or
1/8 degree / 1-hr (N.America) 3 t
from 1979-present. <

* NASA replicates many of
these model outputs as
time series at discrete
locations (data rods)

« Variables include:
— Soil moisture
— Soil temperature
— Evapo-transpiration
— Rainfall
— Runoff

A e ;---1‘-—-—(.,-»:0—--5-1‘-« =

* |
) l"\'u‘ W,; A \ 'J't'\ N‘ﬂ
-\' » | |( |"' '|“ l". P v w k




Viewing & comparing time series values

World Soil Moisture Explorer

Monthly mean soil moisture 2003 — 2013, upper 100cm, from NASA GLDAS NOAH model
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Comparing time series for multiple locations

World Soil Moisture Explorer

Monthly mean soil moisture 2003 — 2013, upper 100cm, from NASA GLDAS NOAH model
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Comparing time series for multiple years

World Soil Moisture Explorer

Monthly mean soil moisture 2003 — 2013, upper 100cm, from NASA GLDAS NOAH model

5 TIOTS

P T ] oaTg W ‘ o

Adriatic Sea | v » Basemap
December 2011 —

3 . » Animate -
ort uga b Tyrrhenian i » Graph @
" 2 Sea Greece 1
¥ Mediterranean Turke Y
i lonian
7 =~ Sea Sea Aegean Sea
Sicilian - 3 1
Channel - 7 )
© s Sea of Yol
A | N . Crete
U N i C}fpr.us S vy ria
o , ,
M (Tunisia Mediterranean Sea »
S s
A 0 Iraq
1 i
3 Gulf of Tsrae ,
Morocco Sidra Jordan> ‘

§ Al Jawf Al Hudud,
4 22 i . ash Sh.m“."\'.qv,l"

Algeria Sources: Esri, USGS, NOAA | Sources: Esti, DeLorme, USGS, NPS =2

m 3m 6m 1y 3y From: 31/12/2009 To: 31/01/2013 |~ ]F| SIS 1B

main 35.447,0.371 X | 36.408,5.328 X

— 2013 — 2012 — 2011

i Tl
- o e Vb A Year-to-year comparison
£ G ?C\\\ l("“‘x‘\_h \\f‘f“‘h\\ y p H\w/_/f
E ~S R h At
2 = B [
= S *\me\/kl\m o
=175 . ——
5 — /
“ 150 ==l o —
125 B = -
100 it
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010-01-01 00:00:00 - 2013-02-01 23:59:59 (GMT)
Generated at 2014-02-06 23:45:13 GMT /K KISTERS @
December 2011
al hl O T hl
2010 2011 2012

2013



GROUP ON
EARTH OBSERVATIONS

o 1000

Discharge, cubi

Flood Monitoring

The Dartmouth Flood Observatory maps flood extents globally,
based on pre‘ and post event |magery from NASA MODIS

mm Satellite Discharge LowFlow ——1.33yrFlood —5yrFlood ——10yrFlood ——30yrFlood

-

1-Jan-12 1-Apr-12 1-Jul-12 1-Oct-12 1-Jan-13 1-Apr-13 1-Jul-13 1-Oct-13 1-Jan-14 1-Apr-14 1-Jul-14 1-Oct-14
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Flood Monitoring

The Dartmouth Flood Observatory preserves the record of each major flood
event, for posterity and for use in global flood hazard modeling,

to help identify severity of current flooding
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Flood Prediction

Global Flood Awareness System (GloFAS) from the European Centre for Medium-
Range Weather Forecasting (ECMWF) and the Joint Research Centre (JRC)

Inputs: global spatial data
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Flood Prediction
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Target: 2-week advance forecasting of major floods

Bahadurabad, Bangladesh

GloFAS provides probabilistic forecasts of i e
flooding events for large basins 3
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Integrating DFO & GIoFAS

« Current project is helping integrate Dartmouth Flood
Observatory and GIoFAS by:

— DFO providing historical flooding records for many
more basins than previously available to GIoFAS

— GEOSS AIP project participants from New
Zealand, Taiwan, ltaly, and Latin America will
provide observation data for comparison and
validation
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Water Quality Services

« OGC 14-004 WaterML — WQ Profile Best Practice
— Single variable per time series
— Keep the XML simple, if verbose

— Use CSV/Excel format for multi-variable
applications

 Numerous application areas
— Health, wastewater monitoring
— Residential, industrial point sources
— Stream nutrient loading



C o

GROUP ON

EARTH OBSERVATIONS

New Zealand WQ Browser: LAWA

L H u l ﬁ http.//www.lawa.org.nz/

LAND AIR WATER AOTEAROA EXPLORE DATA | LEARN | GET INVOLVED | ABOUT | ©

LAWA connects you with New Zealand's rivers
through sharing water quality data

Search for your local river ,O

Or explore the national picture )
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Guiding lights of river
restoration

INTRODUCING LAWA
An introduction to LAWA, who's involved and what it does

Leaflet | Terms and Feedback
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New Zealand WQ Browser: LAWA

http://www.lawa.org.nz/explore-data/manawatu-wanganui-region/manawatu/makakahi-at-hamua/

Scientific data for this site Can | trust this data?v’

This dashboard shows information on the data collected by the regional councils for nine indicators,

analysed as state and trend.

State 1 Trend H
State shows how the median of samples from Trend shows how the quality of water is
this site compares to other sites changing over time. Depending on the sampling

This site is 2 Upland Rural site. Currently history duration, five and nine year timescales

showing the state of this site compared to: are avallabix:

All rural sites v Showing nine year trend v

In the worst 5096 Significant In the best 50% No trend In the best 50% No trend
of all rural sites improvement of all rural sites of all rural sites

Leaflet | Terms and Feedback



%O EEI%LFJ-IPC?B[\;ERVATIONS
New Zealand WQ Browser: LAWA

http://www.lawa.org.nz/explore-data/manawatu-wanganui-region/manawatu/oruakeretaki-at-sh2-napier/#X

Latest sample:
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GEO coordinating with UN Agencies

« WMO Information System (WIS)

— Integration with GEOSS Discovery & Access Broker
for harvesting & distributed search is underway

« World Health Organization + HABITAT + UNEP

— Helping develop ways to incorporate Earth
observation into UN’s Sustainable Development
Goals, specifically to improve water quantity & quality
In developing countries

— EO Task Team now includes NASA, NOAA, USGS,
US EPA, USACE, ESA, WMO, World Resources
Institute, and others



World Meteorological Organization

Weather « Climate « Water

WMO Hydrological Observing System

(WHOS)

Harry F. Lins
President, Commission for Hydrology

WMO; Climate and Water Department Weather : Climate - Water



Prelude

Inter-Commission Coordination Group on the WMO
Integrated Global Observing System (ICG-WIGOS)

WIGOS is an integrated, comprehensive, and
coordinated system comprised of present WMO
global observing systems; i.e., Global Observing
System (GOS), Global Atmosphere Watch (GAW),
the observing component of Global Cryosphere
Watch (GCW), and the World Hydrological Cycle
Observing System (WHYCOS).



Proposal

A WMO Hydrological Observing System (WHOS)
was proposed and agreed by the CHy Advisory
Working Group as the means to provide the most
comprehensive hydrological component in fulfillment
of the WIGOS objective of “an integrated,
comprehensive, and coordinated system which is
comprised of the present WMO global observing
systems.”



Initial Implementation

Currently, a CHy expert has developed an
interactive map and is in the process of
incorporating links to those National Hydrological
Services that make their real-time stage and
discharge data available online.

Plan is to have a preliminary version of the website
online by the end of December 2014.



The WMO Hydrological Observing System

A portal to real-time streamflow data currently available online from NHSs
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ome | asour | conacts | Y

Bureau of Meteorology NSW VIC QLD WA SA TAS ACT NT AUSTRALIA | GLOBAL ANTARCTICA

% Australian Government

Bureay Home » Water Information

Water Information Regulations Standards News and events About

Water data Water status Water forecasts

Improving water information

Related links

® Rain, River & Storage Data

Water links
'Sl Water Act 2007

: =l water Regulations 2008

|E| Water market information

| £| Water Dictionary

. El? Publications
National Water Account 2013
(%) News
The National Water Account contains water accounting reports for nine nationally significant regions. It provides information on water -

stores and flows, water rights and water use. =7l Contact Us

» Continue reading about the Account

af2l3]e]s) Stay iforiied

SUBSCRIBE here

= L -
Water data Water status Water forecasts
e UYL a4 e Available on the
* Design Rainfalls * Australian Water Resources * Floods D App Store
® Environmental Monitoring Sites Assessment *® Streamflow Forecasts
* Geofabric ® National Water Account
* Groundwater information * Water Restrictions

2
® Hydrologic Reference Stations * Water Storage /°




Next Steps

Identify all NHS websites that provide free and
open access to their real-time hydrological data;
finalize map portal and webpage; go public.

Encourage NHSs having data holdings not yet
online to provide public accessibility.

Evaluate a more comprehensive system for water
data dissemination . . . WIS? GRDC? HIS?.
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Summary

« WHOS will provide a modern network of National
Hydrologic Services for authoritative data

« GEO/GEOSS provides an organizing principle for
data and map services that works across boundaries
between nations, institutions, and scientific / societal
domains.

« AIP-Water theme is providing a forum for developing
coherent, consistent conventions and tools for data
sharing that enable regional, national & global
federation & cross-discipline interoperability

* We are building momentum; need to start working on
training & support
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Thank you!

David K. Arctur
david.arctur@utexas.edu




