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Model quicker. Publish
faster.




Why a Data Model?
Different sources and descriptions

Lake Mead
e.g., outflow

Hoover Dam
e.g., release

“EPARTMENT OF THE INTER/

Reservoir? Water body?

HydroDesktop

Scientists and managers spend up to 75% of
their time to build models



Similar Data => Different Models

Reservoir Simulation (HEC-ResSim)
Simulates reservoir operation and management

Requires river network, diversions, reservoir
physical & operational data

Water Evaluation and Planning system
Allocates water to meet basin demands

Requires river network, diversions, reservoir

physical data, supplies, delivery ‘ﬁlé
requirements, allocation priorities, etc. G =y




Prior approaches to organize water data

Arc Hydro HEC-

Feature Hydro ODM Platform WEAP DSS

Generic, relational, and
open source environment
Create dynamic networks

Controlled vocabulary

Descriptive and explicit
metadata

Supports multiple data
types (e.g., time series,
tabular, text, parameters,
binary, and file- based)




Objectives

Design a data model to organize and
synthesize water management data

Integrate data from different sources
Support consistent metadata descriptions

Open-source, generic, programming
language and technology independent



Design Methods

1. Identify the essential data for water management - 184 fields

2. Represent fields in tables according to Relational Model
Theory and Jim Gray’s rule - 58 tables

Categories of questions
WaM-DaM will answer:
1) Build a network

ii) Compare datasets

iii) Query data

(1) Project metadata
Objects and attributes

!

(2) Network metadata
Instances and scenarios

!

(3) Attribute metadata
Variables, methods, sources, \
time, and units,
[Observations Data Model (ODM)]

(4) Data Formats

Text: Release rules

Volume Elevation
(AF) (ft)
0 4,590

130 4,600
649 4,610
1,739 4,620
3,456 4,630
5937 4,640
9,236 4,650
13,206 4,660
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WaM-DaM 0.2 Schema
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Load Different Data to WaM-DaM
% ZUsGs

~

Microsoft®

SQL Server2012 B

US Water Bodies and
Wetlands Dataset
15 attributes
26,872 instances

US Dams dataset
23 attributes
8,121 instances

ndwaeche Valley Agriculture (5)

achg @O ¢
ew Caghe County M and1(8)

2

o]l

Blacksmith F1

Little Bear River

« [ 3
WEAP: 343 | Area: LowerBearRiver_GIS project Dec2013 | 1966-2006 (monthly) Schematic View  Licensed to: David Rosenberg, Utah State Univet|

WEAP Model
Time Series data Lower Bear River, UT
32 attributes 53 instances 0




Represent the Little Bear River

Site ™ Hyrum Reservoir
(node object) Data sources:
1. National Atlas of Lakes,
N/ “|2. WEAP Model, and
| 3. National Atlas of Dams
Wellsville stream gage =R

Data source:
HydroDesktop (ODM)

Network, Utah in WaM-DaM

Utah

N Paradise stream gage (head flows)
W . Data source:
.~ |WEAP Model

Reservoir
(node object)

Legend

— | jttle Bear River, UT]

River Reach
(link object)

sy s Kilometers
0 05 1 2 3

Site
(node object)
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What are the attributes for Hyrum
Reservoir and their units?

Object name Node instance name Attribute format Attribute name

Unit name
Reservoir  Hyrum Columns Area acre
Reservoir ~ Hyrum MultiColumns  ElevationAreaStorage dimensionless
Reservoir ~ Hyrum Parameter MaxStorage acre foot
Reservoir ~ Hyrum Text DamOwner dimensionless

—=(0rganize multiple data formats and maintain
consistent metadata
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What are the reservoir attributes and
their values, units, and sources?

Node instance name Attribute name Value Unit name Source

Hyrum Area 451.558 acre National Atlas Waterbodies
Hyrum Area 480 acre National Atlas Major Dams ..
Hyrum MaxStorage 14440  acre foot National Atlas Major Dams ..
Hyrum MaxStorage 18684  acre foot DavidRosenberg/WEAP
Hyrum MaxStorage 18684  acre foot Utah Division of Water Res..

= Controlled vocabulary => MAX_STOR, Total Capacity

= |ntegrate data sources and support explicit descriptive
metadata

= |[ncorporate uncertainty in models
= Foster integrated understanding of systems data

12



Ongoing Work

* Finalize the data model design and test it with larger
networks and national datasets

* Automate data loading, retrieval, and use WaM-DaM to
populate and run models

* Integrate WaM-DaM with Hydra software to visualize and
edit networks

111




Conclusions

Proposing WaM-DaM to organize network-based water
management data

Organize multiple data formats like time series, text,
multi-column, and parameters from different sources

Foster integrated analysis and understandings of water
systems

Future work will automate the ability to discover,
transform, and publish of data plus populate models
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Thank you!
Questions?

For more info: Adel Abdallah
amabdallah@aggiemail.usu.edu
http://www.engr.usu.edu/cee/faculty/derosenberg/students.htm

WaM-DaM+ ¢

Model quicker. Publish
faster.
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How \WaM-

DaM organizes tabular data

(1) Objects Table

(2) Node Instances Table

3 4 33

jectlD Description ObjectType Project... ObjectNamel ______. mqmmnqgm_ﬂgtwgr___diiﬂfls@ﬂieﬂéfﬂ‘i OblectName
( 3 - Stores surface ...  Node 1 Q{eservou;; 6 1 Hyrum ~Beserv01r Y
4 Natural river cha... Link 1 River = 1 littleBearRiver  HeadFlow
9 usres water  Node 1 Gage 9 1 Wellsville Gage
(3) Attributes Taple (5) Instance Attribute Scenario Data Table
JAttributelD AttributeName ObjectlD | |stanceAttributScenarioDatalD |NodelnstancelD AttributelD  AttributeUnitlD  AttributeFormat
(s.:”.q’,,_, __ Storage Parameter
4 Elevation Columns
9 Area | Columns
781 ElevationAreaStorage\./
Columns
(6) Columns Table MultiColumns
ColumnID InstanceAttnbutScenarloDataID TimeSeries

-1 .
| (4) Units — (8) Values of multi Columns Table
! ,Uan Unltf\ame UnltType Unithbbreviation MultipColumnValuelD Value ValueOrder MultipColumnID
: acre foot  Volume ac ft 34 4730 16 ,’1‘\\
l 35 4740 17 {11
QolumnID A % 4750 18 1/
23 : 37 11 2
................. 3-______________.! 38 % 2 2
4 39 76 3 2

17




