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Executive Summary

ÅLots of data, poorly organized and minimally 
accessible

ÅA suite of tools and systems is emerging for physical 
and chemical water data from CUAHSI and others

Å This work seeks to extend these systems by adding 
biological water data to the discussion in a step 
toward full integration
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ά¢ƘŜ {ǘŀǘŜ ǎƘƻǳƭŘ ōŜ ŜƴŎƻǳǊŀƎŜŘ ǘƻ Ƴƻǳƴǘ ŀ ŎƻƳǇǊŜƘŜƴǎƛǾŜ 
review and digitization project to recover all of this data and 
ƳŀƪŜ ƛǘ ŀǾŀƛƭŀōƭŜ ǘƻ ǎǘǊŜŀƳ ŜŎƻƭƻƎƛǎǘǎ ŀƴŘ ƻǘƘŜǊ ǎŎƛŜƴǘƛǎǘǎΦέ

-Science Advisory Committee (2004)

ά!ƭƭ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ŀƴŘ ǎǘǳŘȅ ǊŜǇƻǊǘǎ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ƘȅŘǊƻƭƻƎƛŎΣ 
biologic, geomorphic, water quality, and connectivity of the 
ǎǘǳŘȅ ŀǊŜŀ ǿƛƭƭ ōŜ ŀǎǎŜƳōƭŜŘΦέ

-Texas Instream Flow Studies: Technical Overview (2008)

Motivation



Problem Statement

άLǘ ƛǎ ŎƭŜŀǊ ŦǊƻƳ ǘƘƛǎ ..9{¢Ωǎ ǊŜǇƻǊǘ ǘƘŀǘ ǘƘŜ ŎƻƭƭŀōƻǊŀǘƛǾŜ ǇǊƻŎŜǎǎ 
envisioned in SB3, designed to achieve a consensus,  broke 
ŘƻǿƴΦέ

-SAC Review Memo, 3/17/2010

ÅTrinity/San Jacinto/Galveston BBEST unable to reach consensus, 
largely attributed to a fine-scale analysis of hydrology with little 
or no connection to the aquatic biology of the basin and bay 
system
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άCyberinfrastructurerefers to infrastructure based upon distributed 
computer, information and communication technology. If 
infrastructure is required for an industrial economy, then we could 
say that cyberinfrastructureis required for a knowledge economyΦέ

-2003 NSF Blue-Ribbon Advisory Panel 
on Cyber infrastructure
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Informatics  ςthe science of information, the practice of 

information processing, and the engineering of information systems   

Hydroinformatics  ςthe study of the flow of information related 

to the flow of water (and the entire water environment in general)



Instream Flows

Water left in a river system, often for managing some aspect of its condition

Instream Flows is the art and science of collecting data in systems we cannot 

adequately sample using methods developed by committees of technically 

unqualified participants for organisms we know very little about in order to 

form concepts about processes we do not fully understand that we 

represent as mathematical abstractions that we cannot precisely analyze to 

determine their responses to indeterminate stresses we cannot accurately 

predict now let alone in the future all in such a way that society at large is 

given no reason to suspect the extent of our ignorance. 

Thom Hardy, Texas State University
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An Environmental Flows Information 
System for Texas

ÅSix information types:
ïPoint observations data (eg: WaterML/ODM )
ïGeographic (shapefile, feature class, KML, WFS/etc)
ïDocuments (DSpace digital archive)
ïTables (conservation status, guilds)
ïTools (CALF, TSA, HydroExcel)
ïLinks (Fishes of Texas, IHA, SAC)

ÅFour access types:
ïWeb Page
ïInteractive Map Viewer
ïDigital Library
ïHydroPortal
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http://efis.crwr.utexas.edu 11

http://efis.crwr.utexas.edu/


CUAHSI Hydrologic Information System

NWIS

STORET

TCEQ

http://his.cuahsi.org

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

Å43 observation networks
Å15,000 variables 
Å1.8 million sites
Å4.3 billion data values

ΧŀƴŘ Texas HIS 12

http://his.cuahsi.org/


Ingest Data From Different Sources

Transform Data into Uniform Format 
with SSIS Scripts

Load Newly Formatted Data into 
ODM Tables in MS SQL/Server

Wrap ODM with WaterML Web 
Services for Online Publication

TPWD 

Coastal 

Fisheries 

Raw Data

TWDB

Coastline 

Raw Data

TIFP

Lower 

Sabine

Publishing an ODM Water Data Service

TPWD ODM

TWDB ODM

TIFP ODM

Observations 
Data Model 
(ODM)

WaterML

Bryan Enslein, CRWR



Prototype at:  https://repositories.tdl.org/twdl-ir/

Mission:  to be a centralized, online 
location for the research and works of 
university and other water resource 
entities in Texas, effectively federating 
water research currently housed at 
several universities across Texas

https://repositories.tdl.org/twdl-ir/
https://repositories.tdl.org/twdl-ir/
https://repositories.tdl.org/twdl-ir/


Distribution: Originally found in coastal waters 
and upstream in coastal streams along the 
Atlantic and Gulf coasts

http://www.bio.txstate.edu/~tbonner/txfishes/menidia%20beryllina.htm

-Sabine River: 165 samples collected at 8 study reaches over 8 days in 
2006; 147 samples yielded fish, averaging  40 fish per sample
-5,811 fish were observed, representing  58 species

-Across all sites, 889 Centrarchids(sunfish, bass, and crappies) 
were observed with a relative abundance of 22% ± 24%

-The only non-native observed was the inland silverside 
(Menidiaberyllina).  192 total, ranging from 0-90% of the 
sample population with a mean of 3% ± 12%
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http://www.bio.txstate.edu/~tbonner/txfishes/menidia beryllina.htm


Non-native species distribution

Inland Silverside 
Menidia beryllina
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The Water Environment

ÅDistinct types of water data, each with its own character

ïPhysical data describe the movement of water and its properties

ïChemical data describe the constituents moving with, in, and through 
the water

ïBiological data describe the organisms inhabiting the water 
environment.

vs.

Surveys

Sensors

Continuous

Longitudinal

phys/ 
chem

Studies

Samples

Discrete

Lateral

biol
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The Data Cube

Space, S

Time, T

Variables, V

s

t

Vi

D

ά²ƘŜǊŜέ

ά²Ƙŀǘέ

ά²ƘŜƴέ

A data value

S = f {x,y,z,t,v}
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1a. generic data cube 1b. physical

1c. chemical 1d. biological

S = f {x,y,z,t,v}

taxonomy

phenotype

Measurements, traits, and 
characteristics, such as 
length, mass, sex, or count.
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Ontologies & 
Semantic Mediation

http://test.hydroseek.net/ontology/CUAHSIOntologyMay2009.html

egΥ ΨǊŜǎŜǊǾƻƛǊ ƛƴŦƭƻǿΩ 
ǾǎΦ ΨǎǘǊŜŀƳŦƭƻǿΩ
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http://test.hydroseek.net/ontology/CUAHSIOntologyMay2009.html


Horsburgh et al (2008)
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