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Consortium of Universities for the Advancement of Hydrologic Science

CUAHSI supports the water
science community by (among
other things):

* developing, supporting, and
operating research
infrastructure;

* improving and promoting g Tk )
access to data, information and 125 University Members
models

www.cuahsi.org

Support from NSF



http://www.cuahsi.org/

Problem Statement

We need new ways of handling the growing quantity of diverse data resources

Sensor Networks




CUAHSI HIS Goal

To enhance hydrologic science by facilitating user access to more
and better data for testing hypotheses and analyzing processes

r
? DN TARIC

M)
.f:‘:t,,d
"‘u. Vancouver s

A 4:2_" R T

‘ ~iSeattie @
-:Vl‘ I ,‘,‘ ‘
! @ Montreal 2
Mlnneapons O ,,
o Toronto " 4
L’ :- N
Chica oA L - G
United States, e 9¢
Jenver S ntaka ow ork
‘ Louis ] mu.
Franciscd’l g
: SHOMA

"Los
Angoles o " a" o
By S "_Phoomx B
R e vl I < TE XA N"" : ;
‘ m on, 0rleans _ o
. A SN ——— : -
' ) G \\
." iamij
Monterrey Gulf of Mexico L!“ ,-
L » ~ 3
MeXIco 'i

X { ’ —Cuba"\ h 7
© JGuadalajara W -



HIS Overview

HIS Central

Data Discovery

HydroServer Data Services HydroDesktop

and other clients

Data Publication Water and Spatial Data Data Access




HydroServer

Point Observation Time Series
Ongoing Data Collection

E”\@

Historical Data Files ¥ R PR R B R

s N GetSites
ODM ) 2= . | GetSitelnfo 5 WaterM LJ
Database A GetVariablelnfo —O
- GetValues

WaterOneFlow
Web Service

Horsburgh, J. S., D. G. Tarboton, D. R. Maidment and I. Zaslavsky, (2008), A
Relational Model for Environmental and Water Resources Data, Water Resour.
Res., 44: W05406, doi;:10.1029/2007WR006392


http://www.campbellsci.com/03001-wind-sentry

WaterML and WaterOneFlow

WaterOneFlow Is a set of web services that
return data in a \WaterML format

e Set of query functions (API)

e Returnsdatain WaterML

@ - | http: friver sdsc.edupiateroneflow MWIS ARty alues. asmix
w

e | & WaterOneFlow Web Service [

WaterOneFlow

The following operations are supported. For a formal definition, please review the Service

¢ GetSiteInfo
Given a site number, this method returns the site's metadata. Send the site code in

o GetSiteInfoObject
Given a site number, this method returns the site's metadata. Send the site code in

* GelSites
Given an array of site numbers, this method returns the site metadata for each one,
array will return all sites, up to a limit of 50,000.

* GetSitesXml
Given an array of site numbers, this method returns the site metadata for each one,
array will return all sites, up to a limit of 50,000.

o GetValues
Given a site number, a variable, a start date, and an end date, this method returns 3
'NetworkName:Variable'. Sending a null BeginDate and EndDate will return all values

¢ GetValuesObject
Given a site number, a variable, a start date, and an end date, this method returns 3
'NetworkName:Variable'. Sending a null BeginDate and EndDate will return all values

o GetVariableInfo
Given a variable code, this method returns the variable’s name. Pass in the variable i
list of all variables.

¢ GetVariableInfoObject
Given a variable code, this method returns the variable's siteName. Pass in the varialf

<timeSeries>
— <sourcelnfo xsi:type="SiteInfoType":
<siteName =Colorado Rv at Austin, TX</siteName=
<siteCode network="NWIS" sitelD="4619631">0815800{
- =geolLocation=
- <geoglLocation xsi:type="LatLonPointType" srs="EPSG
<latitude =30.24465429 /|atitude =
<longitude»>-97.694448 </longitude >
</geoglLocation=
</geolLocation=
</sourcelnfo=
- «<variable=
=wvariableCode vocabulary="NWIS" default="true" variabls
<variableName=Discharge, cubic feet per second </vari
<units unitsabbreviation="cfs" unitsCode="35">cubic fee|
</wvariable=
- «<wvalues count="2545">
<value dateTime="2006-12-31T00:00:00">129</value =
<value dateTime="2006-12-31T00:15:00"=>129 =/value=
<value dateTime="2006-12-31T00:30:00"=>129=/value =
<value dateTime="2006-12-31T00:45:00"=>129</value =
<value dateTime="2006-12-31T01:00:00">124</value =
zvalue dateTime="2006-12-31T01:15:00"=129 </value=
<value dateTime="2006-12-31T01:30:00"=>124=/value =
<value dateTime="2006-12-31T01:45:00"=>124</value =

vomiim A T e =S e 1 D DA T D= A WA o Faamliim




GetVariables

<wvariablesResponse =mlns="http://www.cuahsi.org/watervL/1.0/">

=variable=
<wvariableCode vocabulary="NWIS" default="true"
variabhlelD="12578"=-00060=/variableCodex=

<wvariableMamex=Discharge, cubic feet per second</variableMame=
zunits unitsabbreviation="cfs" unitsCode="35"=cubic feet per second</units:
=/variablex

=/variablesResponzex

GetValues

<walues count="15"=
<wvalue qualifiers="A" dateTime="2006-01-01T00:00:00"=237</value=
<wvalue qualifiers="A" dateTime="2006-01-02T00:00:00">=252</value=
<wvalue qualifiers="A" dateTime="2006-01-03T00:00:00"=154</value=

4 / \

qualifier :
ISO Time value




HIS Central

Centralized Observation Catalog with semantic mediation to enable search web services

Metadata catalog

Station Name : NEUSE RIVER NEAR CLAYTON, NC

Ac enStat(I’j‘?)I:Ii 3?32500 Discharge begin date : 1927084
gency ’ Discharge end date : 2004.09-

Discharge count number : 28186 Chemical
Coord. accuracy Code : S Stable Isolopes
Lat & Long Datum Code : NADS3 Peak begin date : 191907
Latitude (dd) : 35.64722220 Peak end date ; 200408- Rodux
Longitude {dd) : 78.40527780 Peak count number: 73 — e
O30 DTy Mutrient Inorganic FCBs
Pesti OmmCﬂmpDF
Dissol -

Phos Kitrog Mingl wajo Diss-

Star TreeTw ereated with Inxight VizServertn

N E kB ] @|~anight‘
66 services; 18,000 variables; 1.9 million sites; 29 million series; 5.1 billion data Values ... and growing




USGS Instantaneous Data

science for a changing world
Real time,
instantaneous data over
the last 60 days

11188 sites, nationally
for the US

80 variables

Published by USGS
National Water
Information System




NCDC Integrated Station Hourly Data

National Climatic

Data Center

Hourly weather data up
to 36 hours ago

13,628 sites across globe

34 variables

Published by National
Climate Data Center
and populated with
weather observations
from national weather
services

http://water.sdsc.edu/wateroneflow/NCDC/ISH_1_0.asmx?WSDL



Reynolds Creek Experimental Watershed
USDA Linited Statas Departmant Of Agricultura

= | Agricultural Research Service
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http://idahowaters.uidaho.edu/RCEW_ODWS/cuahsi_1_0.asmx?WSDL



Dry Creek Experimental Watershed (DCEW)
(28 km? semi-arid steep topography, Boise Front)

Bogus Basin
Legend Snotel Site ¢

@ gagesite.txt Events

&  Meteorological Stations

Streams

‘I I dcew.s6

I dcew.p50

» d 52
aégw.sS If 7l

\I dcew!p51

' A TPAT p53 .. dcew p54
15 dcew pJg

dcew s/

Treeline

\“\c\icew.p4

dcew: p56\

-
-

- e

Lower

Gage "% Hwer Weather 68 Sites

| 20 Variables
s
—l«\_, 5924511 values

Published by Jim McNamara,
Boise State University

http://icewater.boisestate.edu/dcew2dataservices/cuahsi 1 0.asmx?WSDL



http://icewater.boisestate.edu/dcew2dataservices/cuahsi_1_0.asmx?WSDL

HydroDesktop

‘_[?omelraue Graph  Edit  Help

7 2 MaxExtents Add .
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@ [CJNWIS Unit Values
® @ws-wemc Daity Mutti

@ 'WS-WGRFC Dallas and Tamant Cour

Catalog

== m | &
Selected Web Services
NWS-WGRFC Daily Multi-sensor Precipitation Estimates



http://www.hydrodesktop.org/

HydroModeler: A HydroDesktop Plug-in

=)

-
@ CUAHSI HydroDesktop *

@

Home Table Graph Edit Help | HydroModeler |
P> & NN
‘-‘3& [ | il @ 7~ AP Files\CUAHSI HIS\HydroDesktop\PluginsiH )
Open Save  Save o o o e \Program Files\ S\HydroDesktop\Plugins\H .. Q‘\ @

As.., Component Connection Composition

Maodel Composition Current Directory Pan Help
Double click, or dag the desired model to add & fo the HydroModeler
COmpOsTion window.
Mame Type Details
.. Folder
[ bin Folder
[ddata Folder
[ models Falder
&« PET_Model Model opr

Model Directory

Explorer B -
Property Value i~
Link id=2 H
Providing Model PET: Perman-Marteith2
Quantity PET
Hement Set SC_NC Study
Accepting Model Qatc.OpenMI Gui. Trgger
Quantity TriggerQuartitylD Model
Hement Set TriggerBlement|D . .
Deta Configuration
wki Model Attributes -
o ’_ 3

Database: C\Users\jg-local\AppData\Local\Temp\HydroDesktop\MewProject_2011-06-22_714.sqlite i




Open Modeling Interface ’%\\\

A

WHAT

allows models to exchange on a time basis

- standard | ii6s N
- Software Development Kit (SDK) 24259
74610

Metadata

River Model

5

OpenMI

www.openmi.org



http://www.openmi.org/reloaded/

The Architecture of a Model
Component

OpenMI I
Interface @—— Initialize
O PerformTimeStep Procedural

Finish Model

config.xml

Input and Output

Exchange Items, Time _
horizon and step, etc. Supporting

Libraries

Simple Model Wrapper

Castronova and Goodall, 2010, Environmental Modelling & Software



Example Application

— Modeling rainfall/runoff
for Coweeta Watershed
#H18

— HIS Server includes
publically available
Coweeta data

* Precipitation: daily
accumulated

e Air temp: daily min, max,
and mean

e Stream discharge: daily
average

Mostafa Elag and
Tony Castronova, USC

Southern
Appalachia

Coweeta HIS Server

(& [ http//hiscentral.cuahsi.org/pub_network.aspx?n=192

- G| [P~ coweeta

Ll .0

|18 Most Visited || Getting Started 3./ Latest Headlines
4%a, CUAHS

=y HIS

2
~— Sharing hydrologic data Home All Data Services

B coweeta Hydrologic Laboratory Public Data

Coweeta Hydrologic Laboratory and LTER
COWEETA

htto:/fiver. sdsc. edu/WaterOneFlow/Coweeta/cuahsi_1_1.asmx

Contact: Jon Goodall
goodall@cec.sc.edu
803-777-8184
Sites: 2 Geographic Extent: =
Variables: § 83.428 o s3.43028
Values: 129663 3505116

Last Harvested on 6/12/2011 8:37:31 PM
(updated weekly, assumed static)

A portion of the publicly available data from Coweeta Hydrologic Laboratory
included in HIS for testing and demonstration purposes. Coweeta is one of the
oldest continuous environmental studies in North America, Coweeta is based in
the eastern deciduous forest of the southern Appalachian Mountains, and the
centerpiece of a long-term cooperation between the University of Georgia and
the USDA Forest Service. The Coweeta Hydrologic Laboratory is an
experimental forest within the USDA Forest Service Southern Research Station
USFS scientists have monitored streamflow and climate on several gaged
watersheds within the Coweeta basin since 1934, and atmospheric deposition
and stream chemistry since 1972. In addition, the Coweeta Hydrologic Lab is a
National Science Foundation LTER site. The Coweeta LTER has evolved from a

L_cita hacadta a cita_and ranion hacod nrainct contarinaon tha offacte of

Login Register

Mountain Gr

Elijay

Wayah Depot
al Forest f

Shooting Creek

. Southern .
*Nantahala
Wildornoss

Kilby il

Please see the following website for citation
information. http://coweeta.uga.edu/policies
/publication

I3 Bookmarks

n

http://river.sdsc.edu/WaterOneFlow/Coweeta/

cuahsi_1_1.asmx?WSDL




Coweeta Watershed

& CUAHSI HydroDesktop *

(2]

= £ Map Layers
= coweeta_streams

B [ ws1g streams
B & [Themes
Coweeta Streamflow
Coweeta Precipitation
Coweeta Lve Temp
Coweeta Min Temp
Coweeta Max Temp /
B ¥ wsie N

= coweeta_basin

[

< | 1 | »

Home Table Graph Edit Help HydroModeler
@ 9Qa Q A
Search Pan ZoomlIn ZoomOut MaxEdtents Previous Add  Identify Select
Map Tools

“-Ii b
Watershed #18 Area:
12.48 ha (0.12 km?)
650m by 300 m

Longitude: 83°27'12"W, Latitude: 35705'02"N

Attribute

|——]

Mone -
Opacity 100 ~

£

Measure Delineate

EPA Tool Online Basemap

E3

Area | Options | Keywords I Results I Search Managemeﬂtl

Start Date
6/20/2010 [E~

End Date

6/20/2011 [E~

Show Web Service Selection Panel
Web Services

Retresh

[ SelectAl | [Select None |

["|Christina Fiver Basin Critical Zone Observatory -
[|Cosmicray Soil Maisture Observation System |

[ Coweeta Hydrologic Laboratory Public Data

] Crown of the Continent Observatory Snow

e ol Co
< | [T} | 3

Selected Web Services

[~

=
Search Summary
Server

HIS Central Parameters

Web Services

Keywords Date Range &/20/2010 ::: 6/20/2011

Run Search




Steps in the Hydrologic Modeling Process

Revise perceptions

Revise equations

Debug code

Revise parameter

values

The Perceptual Model:
deciding on the processes

The Conceptual Model:
deciding on the equations

The Procedural Model:
getting the code to run on a computer

Model Calibration:
getting values of parameters

Model Validation:
good idea but difficult in practice

Declare

Success?

Rainfall-Runoff Modeling: The Primer, Beven, 2001 l v
es



Model Development and Application

— Do | have the
important
processes?

— |Is my mathematical
representation of
processes sufficient?

— Are there bugs in my
numerical solution?

— Do | have an
acceptable
parameterization?

@ CUAHSI HydroDesktop *

BEET

=)

Value

Property

Add tem

Top Model |

Home  Table  Graph  Edit  Help | HydroModeler
P > A 2
¥ el 1= g > AP Files\CUAHSI HIS\HydroDesktop\Plugins\H "
S =k S o CAProgram Files\CUA yaroDestopPiugnaH = || & || @
As.. | Component Connection Composition
Model Composition Current Directory Pan | Help
Doube click, or drag the deshed modl to add #to the
Fyotoodeler compostion windoi.
Name Type Details
=] Folder )
Cdbin Folder \
Hargreaves
Cddata Folder Db Reader »— I%ET )
[dmodels Folder
%" coweeta_ws18_model ‘Model opr — -
—}—— Db Writer

Date and Time

Flume at Watershed 18, ID: 6
—»— Coweeta Streamflow_Tophodel_0c0, ID: 8

4

se: C:\Program Files\CUAHSI HIS\HydroDesktop\Plugins\HydroModeler\hydromodeler_example_c : ¢ 1_04\data cuahsi-hi pl
Selection Tocl e Streamflow - liters per second
@ ALL Simple: Fiter Complex Filter 40 : : : : : _ 40
5 Precipitation Climate Statio.
7 Streamflow Coweeta_Sir
¥l |8 Streamflow Coweeta_Sir. o
c
B 5 Simarfor _ Coveda Si- g a0t Lao
~l |6 Streamflow Flume at Wat. g
1 Temperaturs Climate Statio. E
2 Temperature Climate Statio. o
o
3 Te raty Climate Stati =
emperstire imate Stato S0l 1
z
2
=
£
g 10 ~ + 10
(72 It %t
AR
N \ s
0 : el : 0
Dec-2007 Apr-2008 Aug-2008 Dec-2008 Apr-2009

1 04\data\cuah:

se: C:\Program Files\CUAHSI HIS\HydroD:s gi

_eample_




HIS Data can be used in other
Modeling Systems

Water
CSDMS a \ .
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM N\ ' TOOIkIt
“BASINS
e
Object Modeling System v3.0 OQ
fluid


http://csdms.colorado.edu/mediawiki/images/CSDMS_high_res.jpg

Example: Accessing HIS Data from within CMT

800

CSDMS Modeling Tool

File Edit View Tools

Help

Working Directory:

~JCMT_Output

Working Project: TopoFlow

ChannelsKinWave

Diversions

ChannelsDynamWave

{ ', Workspace & Visualize 7 CMT Help |
- Driver Arena
fisbaa | 0
ChannelsDiffWave :
€ 2 r

CMT Console

- Working on series 11 of 13 @ = @

HIS Data Parameters

size(vals) = 366 y 3
EvapEnergyBalance minCvals) = 163.0 Input ~ Query = Output
max{vals) = 10400, [ ]
i = Data keyword: - Precipitation
Eappresterraor| ||| fseries-Stenne - S ox ke
L - West edge longitude: {-180.0, 180.0} -111
EvapReadFile series.VarhName = Dischal
series.VarCode = NWISDV) Eastedge longitude: {-180.0, 180.0} -110
series.ValueCount = 7865
HisData series.datatype = Averag Northedge latiude:  {-90.0, 90.0} 42
series.valuetype = Field . .
lceGC2D series.timeunits = day South edge latitude: {-90.0, 90.0} 41
Start month: - [ January =]
InfilGreenAmpt
Start day: {0,311 1
Start year: {1900, 2020} 1998
Stop month: = [ January )%l
Stop day: {0,311 1
Stop year: {1900, 2020} 2010

( Help ) ( Restore Defaults ) ( OK ) ( Cancel

et OACAOAOACACASAOROACAY)

HISData is a CMT
component that can
search HIS Central
and download data
from WaterOneFlow
web services

It allows HIS data to

serve as input to
CMT models

Peckham and Goodall, Computers & Geosciences, Submitted.



across modeling systems

Path Forward

* Cross-disciplinary science: Interoperability

OpenMI Model Interface

| IRunEngine
Interface

=

= Methods
W Depose

W AN

b

OO A

W

W Intalze
W FParform HimeStep
9 Seflaler

>

CSDMS Basic Modeling Interface (BMI)

Geflompanentiaescrpion
Geflompanenti?
Gaflurrant lime
GafCarieriizadiaa Tima
Gefinout limea
Gafvieninglatetaiingon
Gaflatar

Finalize

Getter

Initialize

Run

Setter



CSDMS/OpenMI Interoperability

Goal: Import CSMDS Components into an OpenMI modeling environment

CSDMS Python element of
Component Wrapper
/ 4
CSDMS OpenMI
Component Model

Linking
Environment

OpenMI Wrapper using

lIronPyth
ronFython Robert Boykin and

Tony Castronova, USC



ESMF/OpenMI Interoperability

Goal:

Scientific Workflow that couples /m \
desktop hydrologic models I

(wrapped using OpenMI) with HPC |

climate models (wrapped using m—

4

ESMF) through web services OpenM|
OpenM
N 1/
Project Team: X =
Kathy Saint, Sylvia Murphy, and | =S

Cecelia DelLuca -- ESMF Core Team
Services
ESMF

Component

Data
Portal

Jon Goodall and Mehmet Ercan --
University of South Carolina

Ricky Rood and Laura Briley --
University of Michigan



Common Standards across Earth Science Modeling and
Information Systems

Open Geospatial Consortium (OGC)

N m
Commuwm};‘} - W

satellite

Moadelling/
Simulation

T« GPS Satellite

- [ o - d \ \ .
4 o o Seismo-4
v méter;
“Marning center ! 'Y ‘\;"j e‘
A Tide gauge .}l GPS buoys “

Capacity 4, Lo GPS statmﬂ
7 f; \

building \‘\ \
\.‘@- Prassure . .. sensnrs s e i
N ' ; f . waves
™ \\ Earthgquake

The Open Geospatial Consortium (OGC®) and the
OpenMI Association announced that they recently
signed a memorandum of understanding (MOU) to
cooperate in standards development and promotion
of open standards related to computer modelling.

http://www.opengeospatial.org/pressroom/pressre
leases/1450

WaterML 2.0 is a candidate Open Geospatial
Consortium encoding standard for the
representation of in-situ hydrological observations
data.

http://www.opengeospatial.org/projects/groups/w

aterml2.0swg

* Observations and Measurements Model
 Sensor Web Enablement (SWE)
* Sensor Observation Service (SOS)

The THREDDS Data Server (TDS) is a web server
that provides metadata and data access for
scientific datasets, using OPeNDAP, OGC WMS and
W(CS, HTTP, and other remote data access protocols.
www.unidata.ucar.edu/projects/THREDDS



http://www.opengeospatial.org/pressroom/pressreleases/1450
http://www.opengeospatial.org/pressroom/pressreleases/1450
http://www.opengeospatial.org/pressroom/pressreleases/1450
http://www.opengeospatial.org/pressroom/pressreleases/1450
http://www.unidata.ucar.edu/projects/THREDDS
http://www.unidata.ucar.edu/projects/THREDDS
http://www.unidata.ucar.edu/projects/THREDDS
http://www.unidata.ucar.edu/projects/THREDDS
http://www.opengeospatial.org/projects/groups/waterml2.0swg
http://www.opengeospatial.org/projects/groups/waterml2.0swg
http://www.opengeospatial.org/projects/groups/waterml2.0swg

Summary

* HIS provides

— standards for accessing hydrologic observational data
 WaterML, WaterOneFlow API, ODM

— software to simplify access and use of hydrologic
observational data

* HydroServer, HydroCatalog, HydroDesktop, HydroModeler

* Agreed upon standards and protocols for
component interfaces and data exchanges will

facilitate interoperability across earth science
modeling and information systems



