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Distribution

The Time Series Analyst and all associated source code and documentation are available at the following URL:
http://his.cuahsi.org/.

The Time Series Analyst software, source code, and documentation are provide free of charge under the Berkeley
Software Distribution (BSD) license. Please see the following license information:

Copyright (c) 2009, Utah State University
All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions are met:

e Redistributions of source code must retain the above copyright notice, this list of conditions and
the following disclaimer.

e Redistributions in binary form must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the
distribution.

o Neither the name of Utah State University nor the names of its contributors may be used to
endorse or promote products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF
SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Disclaimers

Although much effort has been expended in the development and testing of the software described in this
document, errors and inadequacies may still occur. Users must make the final evaluation as to the usefulness of
this software for their application.

The Time Series Analyst and this software manual are based upon work supported by the National Science
Foundation (NSF) under Grants No. 03-26064, and 06-10075 and by the Inland Northwest Research Alliance (INRA).
Any opinions, findings, and conclusions or recommendations expressed in this material are those of the author and
do not necessarily reflect the views of NSF or INRA.
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1.0 INTRODUCTION AND SOFTWARE DESCRIPTION

The CUAHSI Hydrologic Information System (HIS) Project is developing information technology infrastructure to
support hydrologic science. One of the major components of the HIS is a software stack called HydroServer that
can be used for storing and publishing hydrologic data. HydroServer includes a point Observations Data Model
(ODM), which is a relational database schema that was designed for storing time series data, a suite of data
loaders and tools for working with ODM, the WaterOneFlow Web services that publish data stored in an ODM
database on the Internet in WaterML format, and the capability to publish geographic information systems (GIS)
datasets as spatial data services. Using the HydroServer software stack, server administrators can create any
number of observational data services published using the WaterOneFlow web services as well as any number of
spatial data services published as Open Geospatial Consortium (OGC) services. The Time Series Analyst (TSA) was
created as a Web application for visualizing hydrologic time series data hosted within an observational data service
on a HydroServer.

1.1 GENERAL FUNCTIONALITY

TSA is a web application for visualizing and summarizing time series data stored in ODM databases on a
HydroServer. It has a variety of plot types and descriptive statistics coupled with a graphical user interface for
selecting data to be analyzed. TSA is a stand-alone web application that can be launched in a specific state by
passing parameters to a custom calling interface via the URL string. TSA is capable of connecting to multiple ODM
databases on a HydroServer. It supports both ODM 1.0 and ODM 1.1 databases. TSA was designed to use a direct
SQL connection to each of the ODM databases on a HydroServer, and uses information stored in the HydroServer
Capabilities database (server name, database name, userid, password) for those databases. The ODM SQL Server
databases do not have to be connected to the same SQL Server instance.

1.2 PLATFORM AND MINIMUM SYSTEM REQUIREMENTS

TSA was designed to be used on HydroServers running Windows Server 2003 or Windows Server 2008 with
Microsoft SQL Server 2005 or Microsoft SQL Server 2008. It requires Microsoft IIS as the Web server. In addition,
HydroServers must have the Microsoft .Net Framework Version 3.5 installed prior to installing TSA. Instructions
for obtaining the .Net Framework Version 3.5 from Microsoft are included in the Installation Instructions section
below. TSA also requires one or more ODM databases implemented in Microsoft SQL Server and an instance of
the HydroServer Capabilities database. None of the databases have to be on the same physical machine as the TSA
Web application; however, the TSA does require a direct SQL connection to the ODM databases and the
HydroServer Capabilities database using a SQL Server authentication login.



2.0 INSTALLATION INFORMATION

2.1 INSTALLATION PREREQUISITES

Prior to installing TSA, you must first install the Microsoft .Net Framework Version 3.5 and Microsoft Internet
Information Services (11S). If you have Microsoft SQL Server 2008 installed, Version 3.5 of the .Net framework will
be installed already. The .Net Framework Version 3.5 is free, and is required to run software applications
developed in Microsoft’s Visual Studio .Net 2008. If you are running Windows Server 2008 R2, the .Net Framework
Version 3.5 is included as part of your operating system, and you can add it as a Windows Feature using the
Windows Server 2008 Server Manager. If you are running Windows Server 2003, instructions for downloading and
installing the .Net Framework Version 3.5 can be obtained from the Microsoft website via the following URL:

http://www.microsoft.com/downloads/details.aspx?Familyld=AB99342F-5D1A-413D-8319-
81DA479AB0OD7&displaylang=en

Once the .Net Framework Version 3.5 has been installed, you can continue with the installation of TSA.

NOTE: Implementing TSA requires that you have an instance of the HydroServer Capabilities database and that
you have one or more ODM databases. If you do not already have these prerequisites, please consult the

software manuals for each of these components of the HydroServer Software Stack.

2.1.1 SETTING UP A DOMAIN FOR YOUR HYDROSERVER

Prior to installing the HydroServer Web applications — e.g., the HydroServer Website, the HydroServer Map
Application, the Time Series Analyst, the WaterOneFlow Web Services, and the HydroServer Capabilities Web
Services — you will want to create a domain for your HydroServer. You will need to work with the Information
Technology professionals within your organization to help you create a domain. Once a domain has been created
for your HydroServer, you can proceed in the setup of the HydroServer software.

In implementing the HydroServer Web applications, it is helpful to understand the structure of the overall
deployment so that each of the pieces can be implemented correctly. The HydroServer Website was designed to
be a parent, or root level, application within a domain that you set up for your HydroServer. For example, if you
were to create a domain name for your HydroServer called “icewater.usu.edu,” the URL for your HydroServer
Website would be at the root level of that domain (i.e., http://icewater.usu.edu/ would be the URL for your

HydroServer Website). Each of the other HydroServer Web applications was designed to be a child application of
the HydroServer domain. The following shows how the other HydroServer Web applications would be
implemented under the HydroServer Website within the same domain:

http://icewater.usu.edu/tsa/ - The Time Series Analyst

http://icewater.usu.edu/map/ - The HydroServer Map application

http://icewater.usu.edu/HydroServerCapabilities/ - the HydroServer Capabilities Web service

http://icewater.usu.edu/LittleBearRiver/ - a WaterOneFlow web service for the Little Bear River experimental

watershed
http://icewater.usu.edu/MudLake/ - a WaterOneFlow web service for data collected within Mud Lake at the Bear
Lake National Wildlife Refuge




The above example assumes that your HydroServer is serving as the Web server running Microsoft Internet
Information Services (IIS), as the database server running Microsoft SQL Server, and as the GIS server running
ArcGIS Server. This doesn’t have to be the case, though, and there is quite a lot of flexibility for the components of
your HydroServer to be spread across multiple machines and implemented within multiple domains. In general,
the HydroServer documentation assumes that you are assembling your HydroServer within a single domain.

2.4 INSTALLING AND CONFIGURING TSA

Use the following steps to install and configure TSA. The following steps were written for a web server running
Windows Server 2008 and IS Version 7.0.

1. Extract the “HydroServerTSA” folder from the zip file containing the TSA program files
(“HydroServerTSA.zip”) to a web application directory on your HydroServer. For this example, | have set
up a folder called “icewater” under my “c:\inetpub\wwwroot\” path. Within the “icewater” folder, | have
copied the “HydroServerTSA” folder (see the following figure), which contains the application folders and

files.
. HydroServerTSA HiE= B
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NOTE: In this example, | have put the TSA within a folder called “icewater” within my “c:\inetpub\wwwroot\”
folder. | might do this if | were building a HydroServer within a domain called “icewater,” e.g., if the URL for my
HydroServer was something like http://icewater.usu.edu. This folder can also contain the other Web

applications that are part of HydroServer, including the HydroServer Capabilities Web service, the HydroServer
Website, and the WaterOneFlow web services.

2. Open the Internet Information Services (IIS) Manager by clicking Start = Administrative Tools = Internet
Information Services (IIS) Manager. The following window will appear.
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Expand your server in the tree view at the left of the form by clicking on the plus sign next to its name.
Then, expand the “Sites” element by clicking on the plus sign.

Since TSA was created in Microsoft Visual Studio 2008, we will first create an Application Pool for running
it. In the tree view on the left, right click on “Application Pools” and select “Add Application Pool”. The
following window will appear.

Add Application Pool E3 I

Name:
[

.NET Framework version:
|.NET Framework v2.0.50727 =l

Managed pipeline mode:

| Integrated - |

IV start application pool immediately

T

Create a name for the Application Pool in the “Name:” text box. For this example, we will call our
Application Pool “HydroServer.” Make sure that “.NET Framework v2.0.50727” is selected in the “.Net
Framework version:” text box. From the “Managed pipeline mode:” drop down box, select “Integrated.”
Ensure that the check box next to “Start application pool immediately” is checked. Your form should look
like the following:

Add Application Pool EE3
Mame:
[HydroServer]
JNET Eramewark version:
[.NET Framework v2.0.50727 |
Managed pipeline mode:

|[nteqrated e I

¥ Start application pool immediately

OK I Cancel




NOTE: In this example we are creating an Application Pool called “HydroServer.” We have chosen the
“Integrated” Managed pipeline mode because TSA was created using Visual Studio 2008. If we implement other
HydroServer web applications (e.g., the HydroServer Capabilities Web Service and the HydroServer Website) that
were developed in Visual Studio 2008, we can reuse this Application Pool for those applications.

6. For this example, we will implement TSA under the default website (see note below about setting TSA up
under a website other than the default website). Right click on the name of the website (in this example
“Default Web Site”) in the tree view and select “Add Application” from the context menu. The following

window will open:

Add Application HE

Ske name:  Default Web Site
Path: !

fAlas: #pplication pool:

™ [pefaukAppPool select... |
Excample: salas

Bhysical path:

r =

Pass-through authentication

Gonnect as... |

Lo 1 con |

NOTE: TSA was designed to be set up as an application that is subsidiary to a domain within IIS. For example, the
URL for TSA will be http://yourdomain/tsa/. The domain can be the name of the server in the case that you set
TSA up under the default website in IIS, or it can be a domain of your choosing.

7. Inthe “Alias” text box, enter “tsa.” Click the “Select” button next to the “Application pool:” box. In the
“Select Application Pool” form that pops up, select the “HydroServer” application pool from the
“Application pool” drop down list and then click “OK”.

Select Application Pool i E3

JNet Framework Yersion: 2.0
Pipeline mode: Integrated

[ ox ] coxe |

8. Click the navigate button next to the “Physical path:” box. The following window will open. Navigate to
and select the folder where you extracted the TSA application files (e.g.,
“c:\inetpub\wwwroot\icewater\HydroServerTSA”). Then click the “OK” button.
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9.

Your “Add Application” form should now look something like the following. Click the “OK” button to
complete this step.

1
Add Application HE

Site name:  Default Web Site
Path: f
Alias:
|tsa
Example: sales
Physical path:
IC:'mctpub‘wmwrout\xewathdeermISA
Pass-through authentication

Application pool:

|Hydroserver

L]

Connect as... | Test Settings..

& o a i 5] =
£ & | @ ¢ 5 & B 3
o Aftertsson Attoroson e Covgremion Dof mt Dwectory v Pagei FaledBagued  Harder
L Dot L] Trergiues  Mappegs
.. -, = l - - -
2 4 B O A ¥
WPRmdt WP Brasdies  lomes  WETw bk Gud S
. femy xtg
Mansgemers
&

Famres v Contert ey

R |

NOTE: The process for setting up TSA under a different website is the same as setting it up under the default
website. However, you must first have created the website in IS before you can do this. In the example above,
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since | implemented TSA under the default website on a machine called “sandbox08.uwrl.usu.edu”, my TSA will
have a URL path of http://sandbox08.uwrl.usu.edu/tsa/. If | wanted my TSA to have a different URL, | would first
have to set up an appropriate domain name and then set up a website in IIS to handle that domain name. For
example, | could register a domain name called “icewater.usu.edu” and have it pointed at this same machine. |
would then create a website in IS called “icewater” that would handle the “icewater.usu.edu” domain. Then, |
would follow the steps above to set up TSA under the “icewater” website in 1IS. The path for my TSA would then
be http://icewater.usu.edu/tsa/. If you wish to register alternate domain names for your HydroServer, you will
need to work with the individuals in charge of your IT infrastructure.

11. Next, we need to tell TSA how to connect to the HydroServer Capabilities SQL Server database. Make
sure that the TSA application is selected in the tree view at the left of the 1IS Manager window. Under the
“ASP.NET” icon group in the middle section of the 1IS Manager form, double click on the “Connection
Strings” icon. This will open the connection strings editor within the IIS Manager.

g Internet Information Services (115) Manager

@._, ¥+ SANDBOXDS b Stes b Defadt WebSte b tsa b w 5@ -
Gle  Vew Heb
> Connection Strings _
CRETET 6 add...
@y Start Page —
a4 ; v
- 93 SaNDBOYDS (SANDBONIS\Adwir | SIOURDY: Mo Grouping o e
L2 Apphcation Pocs Name - [ Connection strng [EnryType | O Help
= (s Skes HIS_Server Data Sourceswaterdata,usu,edu;Intial Catalogel),.. Local
+ & breis LocalSqiServer data sources.\SQUEXPRESS; Integrated Searitys...  Inherited
=1 & Defaul Web Site OrahsphetConStiing a Source=veateidata.usu. eduy; Intisl Catalog=LSUICEWATERNCDE  Liser id=lcewater Password=ssssssss

+ aspret_chent
4 F HSServerCapabiltie
¥ HISServerWebsite
3 eewester
ral Y

3 Q) WebTSA

12. Double click on the “HIS_Server” line. The following form will open:

Edit Connection String [7]x]

2 |H1S_Server
& SOL Server

Server: Iwaterdata.uw.ed:

Datahase: [USUICEWATERNode
Credentisls

" Uss Windows Integrated Security
& Specify credentials

[icEwaTER
™ Custom
[Ser usu.edu;Database=USLICEWATERNode, User =]
ID=ICEWATER Password=eeessnes
=
ok | comel |

13. On this form, you need to edit the items to match the location and user credentials for your HydroServer
Capabilities database. Using the figure above, fill in the appropriate values for your database and server.
In this example, | am connecting TSA to a HydroServer Capabilities database called “USUICEWATERNode”
on a SQL Server machine called “waterdata.usu.edu.” | have created a SQL Server user with read only
access to that database called “ICEWATER.” To specify your SQL Server username and password, click the
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“Set” button next to the “Specify credentials” radio button and text box. You will notice that the
connection string for your database is automatically created for you in the text box at the bottom of the
form. Click the “OK” button when you are finished.

NOTE: Since TSA is a public web application, you want to make sure that you create a SQL Server user within
your HydroServer Capabilities database that has read only access for use in specifying the connection from TSA.
You can do this within SQL Server Management Studio.

14. Next, we need to set a default database to which the TSA will connect if no database is specified in the
URL. Click on the TSA application in the tree view to return to the main icon view in the IIS Manager.
Double click on the “Application Settings” icon. This will open the application settings editor in IIS:

Y Internet Information Services (115) Manager

@‘_. P 1 SANDBOXDE > Skes b Defak WebSte  tsa b @ e
Bl Yew Heb
| lication Settings Adions
LA = =N P Aep % add...
3 Rt Page o e
o 6 SANDBONOS (SANDBCHDEAdme Lige thiz faature bo store name and value pairs that managed code applications can use st runtime Help
L Appiication Pooks Group by:  No Grouping = Online Help
=l @l Stes
5 @ bevis Name = [vahe [ Entry Type
= & Defaut Web Ste Defauk_Database LittleBearRiverODM Local
apret_chent

# ¥ HISServerCapabiitie
3 ¥ HiSServerwWebske
Crwater
= ‘¥ tsa
@ Web15a

NOTE: Although TSA can connect to any number of ODM databases on your server, it needs a default database
to which it should connect in the case that a user simply types the URL of the TSA into a browser. For example,
http://icewater.usu.edu/tsa/ will connect TSA to whatever the default database is, whereas
http://icewater.usu.edu/tsa/default.aspx?Database=MudLakeODM will connect TSA to an ODM database called
“MudLakeODM.”

15. You will notice that there is only one item in the list of application settings called “defaultDatabase.”
Double click on this item. The following window will open:

Edit Application Setting HE

Name:
IdefaultDatabase

Yalue:
[LittleBearRiveroDM]

| oK I Cancel |

16. You need to set the “Value” of this application setting to the name of one of the ODM databases that is
listed in the ODMDatabases table of your HydroServer Capabilities database. The listing of the ODM
database in your HydroServer Capabilities database must exist before it can be used here. In this
example, the value of this setting is “LittleBearRiverODM.” Type the name of the ODM database that you
want to be the default database for TSA in the text box under “Value:”. Do not change the text in the
“Name:” text box.



17. As a last step, we need to ensure that the TSA has the correct Windows privileges. When a user views
data in the TSA, it creates the images of the plots that are shown in the browser. These images are
written temporarily to the “images” directory within the TSA application directory. Because of this, TSA
must have write access to the “images” directory. In IIS, expand the TSA application in the tree view on
the left. Right click on the “images” folder and click “Edit Permissions” in the context menu that pops up.
The following window will appear:

l images Properties m

General | Sharing | Secuty | Previous Versions | Customize |

| I'lneges
Type: File Folces
Location: C:hmetpub\wwwroot\icewate\TSA
Size: 59.4 KB (60,904 bytes)

Size on disk: 124 KB [126.976 bytes]
Contains: 21 Files, 0 Folders

Created: Today, Febouary 08, 2010, 3 howrs ago

Atisbutes: 7 [Bead only (Ory apphes to fles in foldei]
I Hidden Agvanced..

[ ok ] cae | o |

18. Click on the “Security” tab and then click the “Edit” button under the “Group or user names” box. The
following window will appear:

. Permissions for images m
Security |
Object name:  C:\inetpub’wwswroot\icewater\T Sa\images

Group or user names:

52 CREATOR OWNEF
52 SYSTEM

82, Administrators [SANDBOX08\Administrators)
a2 .

Permizsions for IS_IUSRS

Read & execute
List folder corntents
Read

Wite

Special permissions

19. Scroll down in the list of Group or user names and select the “lIS_IUSRS” user by clicking on it. Then, in
the “Permissions for IIS_IUSRS” box at the bottom of the form, scroll down and make sure that the



“IIS_IUSRS” user has “Write” access by clicking on the check box next to “Write” in the “Allow” column
(see above). Click “Apply” and then “OK.”

20. Click the “OK” button on the properties window for the “images” folder to close it.

21. Congratulations! Your TSA setup is now complete. You should be able to navigate to your TSA in a web

browser. For this example, the URL would be http://sandbox08.uwrl.usu.edu/tsa/.

3.0 USING THE TIME SERIES ANALYST _

TSA enables you to visualize time series data from any of the ODM databases hosed on a HydroServer. With TSA,
you can create a variety of plot types and descriptive statistics. The following is a brief tutorial for how to use the
TSA.

1. Open TSA in a web browser by typing in the URL for the TSA on your server. For this example, we will use
http://icewater.usu.edu/tsa/. TSA will open with a connection to the default database that you set in the

configuration steps above.

| Eile gm Yiew Fgvorites Jools Help
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Sewct a Data Seres i Pt
General Categery Value Type Sampie Medium OC Lvel
[ 1
Otservaton
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Obaervatan S Waer Cusalfy Muliprobe Viater Research Liboratory |State

(Pro] [ Ghna Graph

@ Internet | Protected Mode: On - Ruoen -

2. By default, TSA opens with a blank plot window. You will notice that near the bottom of the form, you
can select a site, a variable, a begin date, an end date, and a data series to be plotted. Select a site from
the “Pick a Site” drop down. You will notice that when you pick a site, the list of variables is updated to
only list those variables that have data at that site. Next, select a Variable from the “Pick a Variable” drop
down. You will notice that the list of available data series at the bottom of the form is updated when you
select a variable. This list will contain all available time series for the site and variable combination that
you have selected.

3. Make sure that one of the data series at the bottom of the form is selected by clicking on it (it should turn
blue when selected). Click the “Plot” button at the bottom of the form to generate a plot of the time
series that you have selected. After a moment, TSA will display a time series plot for the data that you
have selected.
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4. At the top of the form, there are 4 tabs for the different plot types that TSA can create. If you want to
view a Probability, Histogram, or Box and Whisker plot rather than the time series, click on one of the tabs
at the top of the form.
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5. On the right side of the form, you will notice that summary statistics are given for the time series that you
have selected. These statistics are updated each time you click the “Plot” button. For the same time
series that you just plotted, you can subset the data by setting a different Begin Date or End Date. When
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you click the “Plot” button again, both the plot and the summary statistics will reflect whatever time
window you have chosen.

6. On the right side of the form above the summary statistics, you will notice that there are two tabs for
switching between the summary statistics and the plot options. When you click on the “Plot Options” tab,
you can change a few of the options associated with the plots. For example, you can switch from a
monthly box and whisker plot to a seasonal box and whisker plot.
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7. Atthe top left of the form, you will see three pull down menus — File, Graph, and Data. On the File menu,
you can select “Print View” to get a printable view of the plot with its associated metadata.
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8. Onthe “Plot” menu, you can redraw (Plot) or Clear the current plot, and on the “Data” menu you can
choose “View” to see the data as an HTML table, “Export myDB” to export the data as a comma separated
values file, and “Export Metadata” to export an XML file containing the full metadata description of the
data that you have just plotted.
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4.0 THE TIME SERIES ANALYST CALLING INTERFACE

TSA can be launched in a specified state by passing parameters to the application in the URL string. This is
especially useful for launching the TSA from a map of monitoring site locations, etc. The following parameters,
which are attributes of a time series stored in an ODM database, are supported in the URL string:

Database: Specify which ODM database to connect to.

SiteCode: Specify which ODM SiteCode should be selected.

VariableCode: Specify which ODM VariableCode should be selected.

MethodID: Specify a MethodID for the data series to be selected.

QualityControlLevellD: Specify a QualityControlLevellD for the data series to be selected.
BeginDate: Specify a beginning date for selecting the data series.

EndDate: Specify an ending date for selecting the data series.

PlotGraph: True or False indication of whether ODM TSA should plot the graph when it is launched.

A fully specified URL for the TSA might look something like the following:
http://icewater.usu.edu/tsa/default.aspx?Database=LittleBearRiverODM&SiteCode=USU-LBR-

Mendon&VariableCode=USU6&MethodID=28&SourcelD=1&QualityControlLevelID=2&BeginDate=1/1/2008&EndD
ate=1/31/2008&PlotGraph=True

The ODM TSA will also accept subsets of the parameters in the URL. For example:

http://icewater.usu.edu/tsa/default.aspx?Database=MudLakeODM

http://icewater.usu.edu/tsa/default.aspx?Database=LittleBearRiver&SiteCode=USU-LBR-SFUpper
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