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This is a story about millions of small datasets:
each with a time series of a variable at a point location...
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OGC Observations & Measurements:
a way of relating features & phenomena

An Observation is an action
whose result is an estimate
of the value of some property
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Using OGC O&M model
for water level ...

(WaterML2 Part 1)
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Source: USGS
An Observation is an action whose result is an estimate of the value of

some property of the feature-of-interest, obtained using a specified procedure



OGC/WMO Hydrology Domain Working Group

7+ Year International Effort - WaterML
A time series for one

Hydrology Domain Working Group formed
OGC at WMO Commission for Hydrolog

Memorandum of Understanding
between the
World Meteorological
Organization
and the
Open Geospatial Consortium

2008 2009 2010

Stage-Discharge values
variable at one location for one cross-section

WML2 Part 2
MaterMLZ Ratings-Gaugings

Sensor Observation
Service 2.0
Hydrology Profile
Best Practice

Technical Meetings every 3 months
Five Interoperability Experiments
(Surface water, groundwater, ratings-gaugings)
Annual week-long workshops
Involvement by many countries

2011 2012 2013 2014

Acknowledgements: OGC, WMO, GRDC, NWS, CUAHSI, BoM/CSIRO, USGS, GSC, Kisters,



Treating rating curves as —

a measurement ... Y
(WaterML2 Part 2) / =
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An Observation is an action whose result is an estimate of the value of
some property of the feature-of-interest, obtained using a specified procedure



The stream flow can then
be determined from the

rating curve

(WaterML2 Part 1)
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An Observation is an action whose result is an estimate of the value of
some property of the feature-of-interest, obtained using a specified procedure

Source: USGS



WaterML Web Services cuans, usas, 06, whmo...
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Water time series data on the internet

USGS 88158008 Colorado Rv at Austin, TX
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science for a changing world

— Discharge #* Heasured discharge USGS Water Services

Home REST Web Services SOAP Web Services

o
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Oct Oct Oct
13 20 27

v<wml2:point>
v<wml2:MeasurementTVP>

<wml2:time>2014-11-23T20:40:00-

<wml2:value>181.0</wml2:value>
</wml2:MeasurementTVP>
</wml2:point>
v<wml2:point>
v<wml2:MeasurementTVP>

<wml2:time>2014-11-23T20:45:00-

<wml2:value>180.0</wml2:value>
</wml2:MeasurementTVP>
</wml2:point>
</wml2:MeasurementTimeseries>

06:00</wml2:time>

[7[365 service
06:00</wml2:time> daily and real-time data

... Operational water web services system for the United States




Advances through GEOSS AIP-5, 6, 7

MaterMLZ WML2 Part 2
AIP-6: CUAHSI HIS Central is Ratings-Gaugings

ported to open source.
Italy, New Zealand, Canada host Sensor Observation
their own web maps and data services. Service 2.0
CEOS Water Portal and Esri integrate celrelegy P
. . Best Practice
their catalogs with GEOSS Broker.
NASA generates WaterML time series
for GLDAS, NLDAS products. Esri, Kisters
develop web maps with time series.

AlP-7: France, Belgium, Taiwan host
AIP-5: Web map of GRDC, Mexico, WaterML data services. New Zealand,
Dominican Republic stream gage Belgium host public water data portals.
» sites created, each site linked to data ECMWF/JRC publish GloFAS flood
Y services where allowed, with web maps predictions in WaterML.

hosted at Univ of Texas at Austin. USGS converts NWIS to WaterML2.

2012 2013 2014 2015



@ EARTH OBSERVATIONS AlP'S (2012): First resource in GEOSS

HOME SEND FEEDBACK

Focus on: Precipitation (DAB) +
SEARCH o R R

|Gws | x

| Related Topics

) : : : Showing list of Metadata's hyperlinks
| Start Date | [ | End Date | ] Lty

GWS_GEOSS_Water_Services_Global_Streamflow

~ -~ Streamflow discharge time more ...

o : .. 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

Service, or other web

service endpoint for stream

Total Results: 5

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...

“‘;’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

E



Web map of global stream gages
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. ltaly & New Zealand real-time data, developed for AIP-6) http://arca.is/1Ahus75




Stream Gage Data
Services

(1 of 742)

Source

Description

SiteName

BeginDate
EndDate

SampleGraph
GraphURI

WaterML

vvvvvvv

Download

DownloadURI

Zoom to

GRDC

Daily average
streamflow in cubic
meters per second

NEAR CONCRETE,
WA

1924-10-01
2009-01-12
More info
More info
More info

More info

o /
More info

More info

v

WaterML fo

C
o

1,500

Q[cubic meter per second)
N o W
o {=] (&)
o o o

(5]
o
o

250

— NEAR CONCRETE, WA- Q- 10 - DailyMean

For quick|overview

2001 2002 2003 2004 2005 2006 2007

2000-10-01 00:00:00 - 2009-01-12 00:00:00 (GMT+01:00)

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

#ts_id;2634042
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2 |#rows;365

#Timestamp;Value
2008-01-13T09:00:00.000+01:00;442.804625
2008-01-13T09:00:00.000+01:00;442.804625
2008-01-14T09:00:00.000+01:00;457.316875
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11 |2008-01-16T09:00:00.000+01:00;410.24025
12 |2008-01-17709:00:00.000+01:00;418.027375
2008-01-17709:00:00.000+01:00;418.027375
2008-01-18709:00:00.000+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 |2008-01-20709:00:00.000+01:00;342.275625
19 |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 |2008-01-22709:00:00.000+01:00;331.306875
24 |2008-01-23T09:00:00.000+01:00;310.42325
25 2008-01-23709:00:00.000+01:00:310.42325

For easy analysis

2008

A KISTERS



AlIP-6 (2013) GEOSS Water Services Team
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Italy — 21 regional authorities, 1530
hydrometric sites

National Institute for Environmental

Protection and Research (ISPRA) lstlituPtO Superiorelper
a Protezione e la

ABRUZZO Ricerca Ambientale
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Italy — River Basins

Data for the Po River basin is managed
by seven different regional authorities

. *

v R f,ee r,,\‘ : 7
VALLE D OS:TA/VALL.EE‘D'AQSTE \‘, w1 e . o |
1 . \ L EOMBARDIA 2 ‘e

§ L Golfo di
)y Tyfrhenian | | Taranto
Sea e’

Develop a federated hydrological information infrastructure . . .
... linking regionally collected data for a river basin
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Water Data Maps ItaI|an Stream Gauges
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Discharge [m3/s]
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Water Data Maps: Time Series Data Access
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Integrated gridded & time series data sources

« Many data sources and model-output are created as continuous
grids of a variable over the earth at a point in time

 NASA is integrating
soil moisture grids
to generate
time series at
discrete locations
(data rods)

* This grid is from
the Land Data
Assimilation
System (LDAS)

Al e hc---*--—-—[wﬂ.—-nn--u =)

. Other gridded ] e
: A
variables are 1 A f"*ﬁu‘",rl'.‘;'\w*d'ng "»,s’)*q V¥
planned for future 1V

R e s = —— -t

projects S



@ SEI%LI{IPSBI\;ERVATIONS
NASA Land Data Assimilation System:
Grid and time series globally

World Soil Moisture Application

Soil moisture data from 2010 - 2012 that was derived from NASA's GLDAS data product. Mean Monthly for 0-100 em from NOAH model.

~ Animation
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Viewing 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 at 2 locations

World Soil Moisture

lorer

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

= —LIoTS Seq T T Ty DU urre n —
s Adriatic Sea L =) » Basemap | %
[+ . October 2011 ~ 28 — -
2 2 | R » Animate -
origgal Tyrrhenian 5 » Graph
Seq "~ Greece T ;
: urke
f _— Mediterranean - ¥
7 Sea Sea Aegean Sea
L Sicilian — —HTRA
” Channel & = — 7
© s Sea of \‘,‘”‘ { |
Al N @ Crete
Sy T Cyprus Syria
0 ; , !
M (Tunisia Mediterranean Sea
ik =] Iraq
2 B
e
1 b
[ | Fof AU
‘ Gulf of Israel \
Morocco ‘ Sidra Jordan> ‘
: ‘ Al Jawf Al Hudud.
o 150 300mi A ash Sh.m"."k.q?*
Al g eril1a Sources: E;sri, USGS, NOAA | Sources: Esri, DeLorme, USGS, NPS "\="=
m | 3m  6m 1y 3y From: 31/12/2009 To: 31/01/2013 ’ & | ’ ﬂ | } §| ‘ §| ‘ @_” L E e
main 35447,9.371 X | 36.408,5.328 X
— 35.447,9.371 — 36.408,5.328
325 ‘ / ol [ ]
3001 | [
| N |
T s {
E 250 /
o 225
2 200
S s
“ 150
125
100
Jan 2010 Mar May Jul Sep Nov Jan 2011 Mar May Jul Sep Nov Jan 2012 Mar May Jul Sep Nov Jan 2013
2010-01-01 00:00:00 - 2013-02-01 23:59:59 (GMT)
Generated at 2014-02-06 23:40:24 GMT /K KISTERS @
October 2011
O
hl s g T hl
2010 2011 2012

2013




Comparing time series for multiple years

World Soil Moisture

Explorer

Monthly mean soil moisture 2003 — 2013, upper 100cm, from NASA GLDAS NOAH model
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AlIP-7 (2014) GEOSS Water Services Team
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Land Air Water Aoteara: LAWA New Zealand
_

STATE TREND STATE TREND TREND

zﬂxlz ALI: ALI:

No trend No trend No trend

Ammoniacal Nitrogen

STATE TREND STATE TREND TREND

A B AP 4ﬂxlz

In the best 25% No trend In the best 25% No trend No trend
of like sites of like sites

Total Oxidised Nitrogen |2

0.053g/m3

Dissolved Reactive Pho... Total Phosphorus

0.012g/m3

ALI: ALI: 4ﬂl|:

0.026g/m3

http://www.lawa.org.nz/

No trend No trend In the best 25% No trend

_ U» : o
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Land Air Water Aoteara: LAWA New Zealand

AN AN AN AD\

} Video: AIP7-NewZealandClients.mp4



GROUP ON
EARTH OBSERVATIONS

Waterinfo.be: Flemish Water Portal

1891 1906

M 5 P 1 i _._.&._.j

} Video: AlIP7-FlemishWaterPortal.mp4




Time Series of Land Surface Modeling Outputs

ArcGlS -~ GEOSS Water Services: NASA GLDAS Data Rods MODIFY MAP 2 sign In
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Time Series of Land Surface Modeling Outputs

ArcGls - GEOSS Water Services: NASA GLDAS Data Rods
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GloFAS

Global Flood Awareness System

European Center for Medium Range Weather Forecasting and European Joint Research Commission
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Models for Flood Forecasting

Weather model and forecasts Probabilistic flood forecasts

2l

Catchment-level
forecasts

8783667

Weather Precipitation

Noah LSM in NCEP Eta, MMS and WRF Models
(Pan and Mahrt, 1987; Chen et al., 1996; Chen and Dudhia, 2001
EK et al., 2003)
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BYU Flood Forecasting Workflow
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50 simulations
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BYU Latin American Case Studies
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The recipe for doing this (prototype):

- Delineate watersheds with automated tools working from
elevation models (quick and easy now)

- Create stream networks and catchments (GIS tools)

- Download ECMWEF forecast ensembles (ftp)

- Downscale ensemble to local catchments (Esri toolkit)

- Run RAPID streamflow routing model (cloud computing)

- Store results in HydroShare (community portal)

- Run Tethys app to access the results and display (browser)

We are working on ways to leverage current implementations
for global use
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BYU Python Toolkit for Hydro Apps

@ Tethys Plathrm Documentation Demo

Water resources web applications
for the 21st century.

Learn More

Tethys Platform has been designed to lower the barrier to water resources web
app development. Convey your models and data as interactive web apps.

http://tethys.ci-water.or



Web Apps

Tethys Platform
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Thank you!

David K. Arctur
david.arctur@utexas.edu

University of Texas at Austin
Open Geospatial Consortium (OGC)




