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1.0 Introduction

One of the key programs of the Consortium of Universities for the Advancement of Hydrologic
Science (CUAHSI) is the development of Hydrologic Information Systems (HIS), which
facilitate the integration of data and software to support hydrologic science. A main component
of CUAHSI HIS is WaterOneFlow web services, which provide programmatic accessto a
growing collection of national, state, and individual investigator hydrologic observation
repositories. This document describes how to use WaterOneFlow web services and methods,
with tutorials providing examples of data accessin avariety of software environments.

1.1 WaterOneFlow Web Services
Wikipedia gives the following definition for aweb service:

According to the W3C a Web service is a software system designed to support
interoperable machine-to-machine interaction over a network. It has an interface that is
described in a machine-processable format such as WSDL. Other systems interact with
the Web service in amanner prescribed by its interface using messages, which may be
enclosed in a SOAP envelope, or follow a RESTful approach.

When aweb serviceis published on the Internet, a computer with an Internet connection can call
upon the web service to perform useful work.

CUAHSI WaterOneFlow web services facilitate the retrieval of hydrologic observations data.
While several repositories of national hydrologic data are already available online, each data
provider uses its own methodology for querying data, and its own output format for returning
data. WaterOneFlow web services provide a common methodology and output format for these
data sources, and permit data access directly from within the user’ s preferred software
environment, rather than requiring the user to navigate to the data provider’ s web page, query
data, and save the datalocally.

WaterOneFlow web services have been devel oped for the following national networks:

USGS National Water Information System (NW1S) — national database of streamflow, water
guality, and groundwater data

http://water.sdsc.edu/waterOneFlow/NWIS/DailyV al ues.asmx

http://water.sdsc.edu/waterOneFl ow/NWI S/UnitV al ues.asmx
http://water.sdsc.edu/waterOneFlow/NWI S/Data.asmx

http://water.sdsc.edu/waterOneFl ow/NWIS/Groundwater.asmx

EPA STORET - nationa database of water quality data
http://water.sdsc.edu/waterOneFlow/EPA/cuahsi 1 0.asmx

Daymet —daily surfaces of temperature, precipitation, humidity, and radiation for the contiguous
United States
http://water.sdsc.edu/waterOneFlow/DAY MET/Service.asmx



http://water.sdsc.edu/waterOneFlow/NWIS/DailyValues.asmx
http://water.sdsc.edu/waterOneFlow/NWIS/UnitValues.asmx
http://water.sdsc.edu/waterOneFlow/NWIS/Data.asmx
http://water.sdsc.edu/waterOneFlow/NWIS/Groundwater.asmx
http://water.sdsc.edu/waterOneFlow/EPA/cuahsi_1_0.asmx
http://water.sdsc.edu/waterOneFlow/DAYMET/Service.asmx

MODI S —remotely sensed meteorol ogical, oceanographic, and hydrologic datafor the world
http://water.sdsc.edu/waterOneFlow/M ODI S/ Service.asmx

North American M esoscale model (NAM) — prediction of climate variables for North America
http://water.sdsc.edu/waterOneFlow/NAM 12k/Service.asmx

In addition to these national datasets, several academic investigator datasets are also now
available as WaterOneFlow web services, such as the Susquehanna River Basin Hydrologic
Observatory System.

These data sources are further described in Chapter 2.
To access a catalog of national networks currently available through WaterOneFlow, use the

service at:
http://water.sdsc.edu/waterOneFlow/NETWORK S/Service.asmx

1.2 WaterOneFlow Web Service Methods and Output

To standardize access to these data sources, WaterOneFlow web services implement the
following core methods regardless of data provider:

e GetSitelnfo
o GetSitelnfoObject

o GetVariablelnfo
e GetVariablelnfoObject

e GetVaues
e GetValuesObject

In addition to consistent method names, WaterOneFlow services use consistent method
signatures, and provide output in a consistent format, regardless of data provider. Thus, if you
learn how to use the WaterOneFlow services for NWIS, you should easily be able to make the
jump to using the WaterOneFlow service for EPA STORET.

For the methods with the suffix “Object” in the method name, data are returned in object format.
For the other methods, data are returned in XML format. Both Object and XML formats are
provided to suit the developer’ s preference, or to accommodate the application programming
environment of the devel oper.

NOTE: All methods include an authorization token parameter (authToken). Thistoken permits
CUAHSI to restrict access to web services. For the services described in this workbook, any
authorization token will work, as all of these services are publicly available.

General documentation about CUAHSI web services can be found at


http://water.sdsc.edu/waterOneFlow/MODIS/Service.asmx
http://water.sdsc.edu/waterOneFlow/NAM12k/Service.asmx
http://water.sdsc.edu/waterOneFlow/NETWORKS/Service.asmx

http://water.sdsc.edu/waterOneFlow/

Below isabrief summary of the core WaterOneFlow methods.

1.2.1 GetSitel nfo/GetSitel nfoObject

This method returns basic information about a site, such asits name, location, and alist of
variables available at the site for time series retrieval. The method has the following signature:

GetSitelnfo(String location, String authToken)

Input Parameters:

location

For networks which measure data at discrete sites, such as NWIS, this|ocation parameter should
be written as “NetworkName:SiteCode”’. For example, to specify the NWIS stream gage at the
Colorado River at Austin (site code 08158000), use the following value for the location
parameter:

"NW S: 08158000"

For networks that return atime series for any point in space (such as Daymet), use the
convention “GEOM:POINT(Longitude Latitude)”. For example, to specify apoint at 113
degrees West Longitude and 45 degrees North Latitude, use the following value for the location
parameter:

" GEOM POl NT(- 113 45)"

For networks that return atime series for abox defined by Latitude and L ongitude coordinates
(such as MODIS), use the convention “ GEOM :BOX (WestL ongitude SouthL atitude,

EastL ongitude NorthL atitude)”. For example, to specify abox that covers the whole earth, use
the following value for the location parameter:

" GEOM BOX(-180 -90, 180 90)"

authToken

This parameter allows a data provider to restrict or monitor access to its web services, by
requiring a password or some other means of identification in order to use a given web method.
In many cases, this paramter may be left as an empty string, “”

Example VB.Net Code

Dmws As New [ WsRef er ence]

Dimresult As String = ws. Get Sitel nfo("NWS:08158000", "")
Debug. Wite(result)


http://water.sdsc.edu/waterOneFlow/

1.2.2 GetVariablel nfo/GetVariablel nfoObject

This method returns information about a time series variable, such as name and units. The
method has the following signature:

Get Vari abl el nfo(String variable, String authToken)

Input Parameters:

variable

To specify avariable, you must include both the network name and the variable code within the
network, in the following format: “NetworkName:VariableCode’. For example, to query the
NWIS website for information about variable code 00010 (which happens to be water
temperature), you would use the following value for the variable parameter:

"NW S: 00010"

authToken

This parameter allows a data provider to restrict or monitor access to its web services, by
requiring a password or some other means of identification in order to use a given web method.
In many cases, this paramter may be left as an empty string, “”

Example VB.Net Code

Dmws As New [ WsRef er ence]

Dmresult As String = ws. GetVari abl el nfo("NWS: 00010", "")
Debug. Wite(result)

1.2.3 GetValues/GetValuesObject

This method returns atime series for agiven variable at a given location. The method has the
following signature:

Get Val ues(String location, String variable, String startDate, String endDat e,
String aut hToken)

Input Parameters:
location
The location parameter is the same as for the GetSitel nfo method.

variable
The variable parameter is the same as for the GetV ariablelnfo method, except that this parameter
may also include options for dataretrieval. The parameter should be specified as follows:

"Net wor kNane: Var i abl eCode/ Opt i on=Val ue"

In most cases, no option is required, and the “NetworkName:V ariableCode” format may be used.
Some networks, such as MODIS, do require an option to be set. Asan example, to retrieve data
for Cloud Optical Thicknessin the Water Phase from MODIS, for a spatial average that includes
both the land surface and the ocean, you would use the following value for the variable
parameter:



"MODI S: 11/ pl ot ar ea=l andocean"

startDate

This parameter specifies the start datetime for which time series records are desired. For
networks that return time series with atemporal precision of one day or longer, use the following
format for the startDate:

"yyyy- mm dd"”

For example, to specify the last day of 2003 as the start date for time series retrieval, use the
following value for the startDate parameter:

"2003-12- 31"

For networks with atemporal precision shorter than one day, you may specify the hours and
minutes and so on with the format below:

"yyyy- mm ddThh: mm ss”
For example, to specify 6:30 AM on the last day of 2003, use the following value:
"2003-12-31T06:30"

endDate
This parameter specifies the end datetime for which time seriesrecords are desired. The format
isthe same asfor the startDate parameter.

authToken

This parameter allows a data provider to restrict or monitor access to its web services, by
requiring a password or some other means of identification in order to use a given web method.
In many cases, this paramter may be left as an empty string, “”

Example VB.Net Code

Dmws As New [ WsRef er ence]

Dmresult As String = ws. GetVal ues("NW S: 08158000",
"NW S: 00010", _
"2003-01-01", _
"2003-12-31", _
")

Debug. Wite(result)

1.3 Document Outline

The document is created in the form of a series of tutorials. Except for the first two chapters
(Introduction and Data Sources), each chapter in the document is atutorial on how to use
different software or programming environments to access different WaterOneFlow web services
and methods. The links for obtaining installation and data files for each tutorial are provided in
the tutorial. In the current version of the document, you will learn how to access data from USGS
NWIS, EPA STORET, MODIS, Daymet, NAM and an academic investigator database, from



Excel, ArcGIS, Matlab, VB.Net and Java. Each chapter/tutorial covers one
software/programming environment dealing with one or more of the five data sources. The
outline of this document is as follows:

Chapter 1 — Introduction

Chapter 2 — Data Sources

Chapter 3 — Ingesting data into Excel (Susquehanna River Basin example)
Chapter 4 — Ingesting data into Excel (STORET example)

Chapter 5 — Ingesting datainto ArcGIS (Daymet, NAM and NWIS example)
Chapter 6 — Ingesting data into Matlab (MODIS example)

Chapter 7 — Ingesting data using VB.Net (NWIS Unit Vaues example)
Chapter 8 — Ingesting data using Java (NWIS Daily Values example)

1.4  Obtaining This Workbook

Thisworkbook is available at the following location, with the title * CUAHSI WaterOneFlow
Workbook™:

http://www.cuahsi .org/his/documentati on.html

In the following location, you will also find afolder for installation files required by some of the
exercisesin this document, as well as afolder containing some solution files.

ftp://ftp.crwr.utexas.edu/pub/outgoing/ CUAHSI/HIS workbook/20070720/



http://www.cuahsi.org/his/documentation.html
ftp://ftp.crwr.utexas.edu/pub/outgoing/CUAHSI/HIS_workbook/20070720/

2.0 Data Sources

This chapter describes some of the data sources for which WaterOneFlow web services have
already been created.

2.1 USGSNational Water Information System (NWIS)
Data providing organization: United States Geological Survey (USGS)

Website: http://waterdata.usgs.gov/nwis

The USGS NWIS is a comprehensive and distributed program that supports acquisition,
processing and storage of water data. Most of the data stored in NWIS is available through
NWIS website provided above (NWIS Web). The data available via NWIS web mainly include
information on quantity and quality of surface and ground water. NWIS web serves both
historical and real time data. The real time data, however, is not available for all sites.

Data provided by NWISWeb are regularly updated from NWIS. Real-time data are generally
updated upon receipt at local Water Science Centers. NWISWeb provides access to data by
category, such as surface water, ground water, or water quality, and by geographic area. NWIS
data are available for all 50 states, plus border and territorial sites, and include data from as early
as 1899 (at few stations) to present. Of the over 1.5 million sites with NWIS data, the vast
majority (about 800,000) are for groundwater wells, about 25,000 sites are for streamflow data,
and about 9,800 of the sites provide real-time data. In addition there are many sites with
atmospheric data such as precipitation, and there are nearly 70 million water-quality results from
about 4 million water samples collected at hundreds of thousands of sites.

2.2 EPA STORAGE & RETRIEVAL SYSTEM (EPA STORET)
Data providing organization: Environmental Protection Agency (EPA)

Website: http://www.epa.gov/storet/

EPA STORET isarepository for water quality, biological, and physical dataand is used by state
environmental agencies, federal agencies and universities. Most of the datais available through
the STORET website which can be accessed using the link above. STORET maintains two
systems; ‘legacy STORET’ and its successor ‘modernized STORET'. Legacy STORET has been
static since January 1, 1999 while modernized STORET gets updated on a monthly basis.
Currently EPA STORET receives data from 279 organizations adding up to about 275,000
stations.

2.3 Moderate Resolution Imaging Spectroradiometer (MODIS)
Data providing organization: National Aeronautics and Space Administration (NASA)

W ebsite: http://g0dup05u.ecs.nasa.qgov/Giovanni/modis.MOD08 M 3.shtml



http://waterdata.usgs.gov/nwis
http://www.epa.gov/storet/
http://g0dup05u.ecs.nasa.gov/Giovanni/modis.MOD08_M3.shtml

The Goddard Earth Sciences Data and Information Services Center (GES DISC) has created the
GES DISC Interactive Online Visualization and Analysis Infrastructure (Giovanni) to enable
Web-based visualization and analysis of satellite remotely sensed meteorological,
oceanographic, and hydrologic data. The MODI S data are avail able through one of the Giovanni
interfaces called the MODI S Online Visualization and Anaysis (MOVAS). The MOVAS
system, operational since September 2003, provides access to download, visualize and analyze
MODIS Level-3 atmospheric monthly products. The MODI S Level-3 dataincludes monthly 1 x
1 degree grid average values of atmospheric parameters related to atmospheric aerosol particle
properties, total ozone burden, atmospheric water vapor, cloud optical and physical properties,
and atmospheric stability indices.

The data are available for the entire globe from March 1, 2000, to typically six monthsto ayear
prior to the current date. The time seriesreturned by MOV AS is spatialy averaged over the
extent specified by a bounding box of lat-long coordinates. The data are temporally averaged
with a monthly time step.

24 Daymet

Data providing organization: Numerical Terradynamic Simulation Group (NTSG) at
University of Montana

Website: http://www.DAY MET .org/dataSel ection.jsp

Daymet isanumerical model that provides daily surfaces of temperature, precipitation,
humidity, and radiation over large regions of complex terrain. Daymet was developed to create
fine resolution daily meteorological and climatological data necessary for plant growth model
inputs. The input to Daymet includes digital elevation model and observations of maximum
temperature, minimum temperature and precipitation from ground-based meteorological stations.

The data are available as surfaces or as numerical estimates at single points for the contiguous
United States at adaily timeinterval. Data before 01/01/1980 or after 12/31/2003 may not be
available.

2.5 North American Mesoscale model (NAM)

Data providing organization: Unidata program at the University Cooperation for Atmospheric
Research (UCAR)

Website: http://www.nco.ncep.noaa.gov/pmb/nwprod/analysis/

The NAM model makes predictions of climate variables four timesdaily (0:00 UTC, 6:00 UTC,
12:00 UTC and 18:00 UTC), with the predictions extending 84 hours into the future, at three
hour intervals. The spatial extent of the model islimited to North America. The spatial resolution
of the model grid is 12.19 km, and the grid dimensions are 614 x 428. The east and west
longitudinal extents of the grid (in decimal degrees) are -49.30897 and -133.49621. The north
and south latitude extents of the grid (in decimal degrees) are 57.35624 and 12.12367.


http://www.daymet.org/dataSelection.jsp
http://www.nco.ncep.noaa.gov/pmb/nwprod/analysis/

2.6 Susguehanna River Basin Hydrologic Observatory System (SRBHOYS)
Data providing organization: SRBHOS

Website: http://www.srbhos.org/

Susguehanna River Basin and Chesapeake Bay make up a CUAHSI WATERS combined test
bed project. The Susguehanna River Basin (SRB) isthe largest tributary to the Chesapeake Bay
and the goal of these two projects (Pls are: Bill Ball, Kevin Dressler, Chris Duffy, Michael
Piasecki and Pat Reed) is to expand the ability to represent and predict the physical processes
associated with the nutrient loads reaching the Bay from the SRB. The SRBHOS group was
formed to provide an umbrellafor scientists and researchersin the basin that are interested in
better understanding the environmental dynamics (including problems) of the basin and who
would benefit from the existence of a hydrologic observatory. The SRBHOS group to this date
has been extraordinarily successful in attracting funding from avariety of sourcesin order to
conduct work much in line with the goals of SRBHOS, the latest being the funding for a Critical
Zone observatory that will be situated within the SRBHOS basin.

The data provided comes from the "Real-Time Hydrologic Monitoring Data Network™ site
established by researchers (Pat Reed, Chris Duffy and others) from Penn State University. The
RTH_Net field facility isinvestigating the dynamics of the terrestrial water and energy balance,
focusing on closing the water and energy budget across the Shaver's Creek watershed. The
research will attempt to find fundamental relationships of atmosphere-land-subsurface water and
energy dynamics. RTH_Net will extend the current sensor systems within the Penn State
Experimental Forest to resolve the roles of soil moisture and groundwater within the water cycle
through the use of Evaporation- Transpiration-Recharge (E-T-R) sensor arraysto fully capture
the essential space-time scales of terrestrial hydrology. RTH_Net will help identify how
thresholds, feedbacks, and nonlinearities in atmosphere-soil-stream-groundwater systems serve
to amplify low-frequency modes in runoff.

At the time of thiswriting, SRBHOS data are available for two test sites. The data cover nearly
30 surface and atmospheric variables, from about 1997 to the present, with about a 10-minute
time step.


http://www.srbhos.org/

3.0 Ingesting Susquehanna River Basin Data into Excel with
HydroObjects

by Tim Whiteaker

3.1 Introduction

This chapter demonstrates the use of the HydroObjects A pplication Programming Interface
(API) to give users direct access to an academic investigator database from within Excel. This
database of Susguehanna River Basin observations is made available online via WaterOneFlow
web services, which the investigator has implemented. By conforming to WaterML and
WaterOneFlow standards, the investigator has made it possible for a number of applications,
such as HydroObjects, to directly work with the data.

The HydroObjects APl isa.Net DLL that is compiled to also be COM compliant. Thisallows
the API to supplement other COM compliant software systems (Word, R, Python, etc.). The
example here shows an Excel spreadsheet that has been extended through the development of
Visual Basic for Applications (VBA) macros that use the HydroObjects API as aresource, in
order to download data from a certain type of WaterOneFlow web services.

These web services are built upon Observations Data Model (ODM) databases, which academic
investigators use to store and publish their data. CUAHSI provides a generic web servicethat is
meant to read from an ODM database, and so if an investigator organization uses this format,
then that organization can simply plug in their database to the generic ODM web service, and
then suddenly their datais accessible to the world in a standard manner.

The Excel macrosin the spreadsheet that you are about to work with allow the user to get
metadata (e.g. site location, number of variables measured and their description) and time series
datafor any variable measured at site by simply clicking buttons within Excel. The
HydroObjects provides alayer of abstraction between Excel and the web services, which allows
the steps demonstrated in this chapter to also be applicable for the other data sources within
WaterOneFlow.

3.2 Computer Requirements

Working internet connection

MS Excel

HydroObjects

ODMws.xls spreadsheet (included with HydroObjects installation)

3.3 Installation
Install HydroObjects and the Excel document using the following steps:

1. Download the HydroObjects setup file from

http://www.cuahsi.org/his/tool kit.html

10


http://www.cuahsi.org/his/toolkit.html

The zip file contains several files used for setup, as well as areadme.txt file and an example
spreadsheet which makes use of HydroObjects.

Marne
@Hydm@bjectsﬁetup.msi

:.;.':I CDMws, xS

E’I readme. bxk
ESetup.Exe
}Setup.lni

Y ou will use the spreadsheet in this exercise.

2. Unzip al the contents of the zip file, and double click on Setup.exe to run the setup file.
3. Inthe HydroObjects Setup Wizard, click Next to start the installation process.

i*.% HydroDbjects

Welcome to the HydroObjects Setup Wizard

The installer will guide you through the steps required to install HpdroObjects on your computer.

\wRNING: This computer program is pratected by copyright law and international heaties
Unavithorized duplication or distibution of this program, or any portion of it, may result in severe civil
or criminal penalties, and wil be prosecuted to the masimum extent possible under the law

Cancel | ¢ Back | Mext > I

4. Usethe default installation folder for HydroObjects or choose your preferred location,
specify to install the program for “Everyone” or “Just me”, and click Next.
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SIS

Select Installation Folder

The inztaller will install HpdroObjects ta the following folder.

Toinstall in this folder, click “Mest”. Toingtall to a different folder, enter it below or click “Browse".

Folder:
C:%Pragram FileshCUAHS \HydroObjects' Browse. . |
Dizk Cost... |
Install HydroObjects for yourself, or for anyone who uses this computer:
= Evemone
o Just me

Cancel | < Back | Mext > I

5. Inthe Confirm Installation window, click Next to start the installation process. You
should see the progress bar as shown below:

Installing HydroObjects

HudroObjects is being installed.

Please wait...

Cancel I < Back | [Hext > |

No

After HydroODbjects is successfully installed, click Close to finish the installation process.

Y ou may now delete the setup filesif you wish. But don’'t delete ODMws.xls, asyou
will useit in thisexercise.

3.4 Downloading Susquehanna River Basin Data

To download Susguehanna River Basin data, double click on ODMws.x|s to open thefilein
Excel.
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ODMws.xls contains macros that use WaterOneFlow web services to download observations
data. (Y ou may need to change your security settingsin Excel to Medium in order to run
macros.) |f prompted about enabling macros when opening the file, make sure you enable the
macros by choosing the “ Enable Macros’ option as shown below:

Security Warning E]
"W CUAHST HydroObjectst ODMws, xls" conkains macros,

Macros may contain viruses, It is usually safe ko disable macros, but if the
macros are legikimate, you might lase same Funckionality,

Disable Macros ] [ Enable Macros ] [ Mare Info ]

ODMws.xls contains six worksheets: Data Source, Sites, Variables, Site and Variable Info, Site
Catalog, and Time Series. These worksheets are described through the exercises below.

3.4.1 Specifying the Data Source

The Data Source worksheet provides general information about the spreadsheet, and lists some
sample WSDL s where academic investigators have already provided accessto their data using
ODM and WaterOneFlow web services. To hook the spreadsheet up to a particular data source,
you provide the address to the WSDL for the web service which gives access to the data, the
name of the web service, and the name of the observation network within the web service.

Tip: AWSDL isan XML document that tellsa client application what a web service can
do.

Here you will tell the spreadsheet to get data from the Susquehanna River Basin project.
1. On the Data Source worksheet, find the WSDL locations for example data sources at the

bottom of the visible data on the worksheet. Copy the WSDL for SRBHOS, and paste it
into the yellow cell entitled “WSDL of OD Web Service’.
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WSDL af O

o /cchay tamuce edu/CCBayODWYS/cuahsi 1 0 asmxWVWSDL This is a URL pointing to the location fo tk

Mote: When running the macros in this workshest, if you get a "License information for this component not found” or "Active-¥ can't

create object” errar, then you need to reset the reference to HydroObjects in "YBA (Tools-References).
Example Data Sources
WSDL Description

http:Aicchay tamuce. edw/CCBayODWSicuahsi 1 _D.asmx?¥WSDL Corpus Christi Bay (Texas A&M Corpus C
http:#his09. umbe. edu/BaltODYcuahsi 1 0. asmx?WSDL Baltimore Urban Observatory (University c
http:diche cae drexel edufwateroneflow/CIMS. asmx PWSDL Chesapeake Information Management Sy
http:/fees-his0. ad. ufl. edu/santafe-ysifcuahsi_1_0.asmx?W3DL Santa Fe watershed -- nitrate (YSI) (Unive
http:#fees-his0B. ad. ufl. edu/santafe-isusfcuahsi_1_0.asmx?WSDOL Santa Fe watershed -- nitrate (ISUS) (Uni
http:/fees-his0B. ad. ufl. edu/santafe-gwl/cuahsi 1 _0.asmx™WSDL Santa Fe watershed -- groundwater (Unive
http:/fees-his0B. ad. ufl. edufsantafe-microwavecitrafcuahsi 1 0 asmx?WSDL Santa Fe watershed - Microwave Citra (U
http:#/his08.iihr. viowa. edufiihr/cuahsi_1_0.asmx?W30L Clear Creek -- water temperature (Univers
http:#/hisOS.iihr. viowa. edufepalcuahsi 1 0.asmx™W3DL Clear Creek -- water quality (University of
http:#ihis. safl.umn. edufSAFLMC/cuahsi 1 0 asmx™WSDL St Anthany Falls Laboratory Minnehaha C
http:#fhis03. geal umt, edu/COTCsnowecuahsi 1 0 asmx?WS0L Crown of the Continent Obseratory (Unive

3.4.2 Getting aList of Sites
The Sites worksheet retrieves and lists all of the observations sites within the network.
1. Click the Sites worksheet to activateiit.

2. Pressthe Click to Get Sites button. After amoment, alist of sitesis returned, along with
some metadata about the sites.

Click to Get Sites

After running GetSites,
results will appear below.

Site Code Site Name Latitude | Longitude

SRBRHOS: RTHMet shale Hills of Penn State University | 40665817 -77. 9040146
SRBHOZ:BURDRUM | The Burd Run Interdisciplinary Water 40064851 -77 515855949
SREHOS: RTHMNet2 =hale Hills of Penn State University | 40.BB5218 -77 8031525
SREHOS: RTHMetd =hale Hills of Penn State University | 40664516 77 8055176
SREHOS: RTHMetd hale Hills of Penn State University | 40664963 -77 907341

This particular network only had five sites at the time of thiswriting. It isan experimental
network, but actually has quite a bit of observations data for each site.

3.4.3 Getting a List of Variables
Now you will get alist of variables measured within the observation network.

1. Click the Variables worksheet to activate it.

14



2. Pressthe Click to Get Variables button. After amoment, alist of variablesis returned,
along with some metadata about them.

Click to Get Yariahles

After running GetVariables,
results will appear below.

Variable Code Variahle Name Units
=REHOS:5038 Mitragen, nitrate (MO3) nitrager milligrams per liter
=REHOS:509 Water temperature degree celcius
=REHOS:510 Oxygen, dissolved milligrams per liter
SREHOS:511 Water depth meter
SRBHOS:512 pH dimensionless

Now that you know the sites and variables in the observation network, you are ready to query
information about specific sites and variables.

3.4.4 Obtaining Site and Variable I nformation

The Site and Variable Info worksheet provides buttons for discovering what variables are
measured at each site and brief metadata for each site and variable (eg. name, units, etc.). Each
station isidentified by a station number assigned by the observation network. To get the
information on the variables measured at any station, you must enter the correct station number
in the yellow cell (G3) next to “Site Code”. Likewise, unique variable codes have been assigned
to each variable in the network.

The following stepsillustrate how to download site and variable information.

1. Onthe Site and Variable Info worksheet, enter “ SRBHOS:RTHNet” as the Site Codein
cell G3, and then click the Click to Get Site Info button.

In a moment, the spreadsheet will be automatically populated with information about the site and
variables measured at the site.

GetSitelnfo
Site Code > |SRBHOS:RTHNet

Click to Get Site Info |

After running GetSitelnfo,
results will appear below.

Name Shale Hills of Penn State University

Latitude 4066581726

Longitude -77.804

Data Series:

Variable Code Variable Name Units Value Count Start Date End Date
SRBHOS:A16 Radiation, net 10-minu watts per squar 53565 512006 13:30 S/8/2007 23:50
SREHOS:519 Frecipitation, 10-rninut millimeter 53565 57172006 13:30 54872007 Z3:50
SREHOS:519 Frecipitation, 10-rninut millimeter 53565 57142006 13:30 5/8/2007 Z3:50
SREHOS:524 Wind direction, 10-rin degree north A3565 5172006 13:30 A/8/2007 2350
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When the Get Site Info button is clicked, an Excel macro uses HydroObjects to call the
WaterOneFlow web service located at the WSDL that you specified earlier to get the information
about the site. Thisinformation is then brought back to the Excel application (and this all
happens in just afew seconds!). The dataflow sequenceis the same for all the buttons that you
will usein ODMws.xIs to get the data.

Oncethelist of variables measured at a particular station is available in the form of codes, you
may be interested in knowing what each code means and the measurement units for the variable.
To get information on a specific variable, enter the variable code in the yellow cell (K3) next to
Variable Code, press Enter and click the “Click to Get Variable Info” button.

2. Onthe Site and Variable Info worksheet, enter “SRBHOS:516" asthe Variable Codein
cell K3, and then click the Click to Get Variable Info button.

After amoment, information about the variable appears in the spreadsheet.

GetVariahlelnfo
Variable Code -> |SREHOS:516

Click to Get Yariable Infa ‘

After running GetYariablalnfo,
results will appear below,

Name Radiation, net
Units watts per square meter

Wow! Fast and easy access to remote data, right from my spreadsheet! But how does the magic
happen? Let’s now take alook at the code behind the button.

3. Click the Tools menu, then point to Macro, then click Visual Basic Editor.

Tools | Data Window Help  Adobe PDF

%7 speling... F7 2 ¥ -4 %@ E i Ariz
| B2, Research... Al+Click
Formula Auditing 3 F | £
P LT T thin rall nacitianc balasssl
| Macro » | | Macros... AlE+Fs
¥ @  Record Mew Macro, .,
ariables Securlty
is worksheet to =
tier After rf| 2] Wisual Basic Editor Alt+F11

4. InVBA, click the Tools menu, and then click References.
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Tools | Add-Ins  Window  Help

| Eﬁ:, References. ..
Additional Contrals, .

Notice that a reference has already been made to HydroObjects in this spreadsheet. This enables
the spreadsheet to communicate with WaterOneFlow web services.

References - VBAProject E|

Available References: (04

| Yisual Basic For Applications ” Cancel
| Microsoft Excel 11.0 Object Library
v OLE Automation

w| Microsoft Office 11,0 Object Library Browse. ..

| Micrasoft Farms 2.0 Objeck Librar

145 Helper COM Component 1.0 Twpe Library

L

145 RADIUS Prokocal 1.0 Type Library Priariky

Acrobat Help
Acrobat Access 2,0 Twpe Library ﬂ

Acrobat Access 3.0 Type Library

Acrobat Diskiller
Acrobat WebCapture 1.0 Type Library

Arrnhat Weheant ve TF Tanlhar (Favarites 1.0 Twne 155
L >

5. Close the References window.

6. Inthe Project window of VBA, double click the Site and Variable Info sheet to open the
code for that worksheet.

Project - YBAProject |
2RI
- E ¥BAProject (GenericODws.xls)

—|--£3 Microsaft Excel Objects

Sheetl (Daka Source)

Sheet? (Site and Yariable Info)
HH] sheet3 (Time Series)

7. Scroll down to the procedure called GetV ariablelnfo and examine the code. Thisisthe
procedure that’ s called when you click the Click to Get Variable Info button.

This code is performing three majors tasks:
a. Read inputs from the worksheet (in this case, the Variable Code).
b. UseHydroObjectsto call GetVariablelnfo from WaterOneFlow.
c. Writethe result to the spreadshest.
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The key method being called in the code is InvokeCall, which requests information about the
variable of interest from WaterOneFlow. To use the method, you provide the WSDL for the web
service that you want to access, the name of the web service, the name of the method on the
service that you want to call, and an array of parameters that the method requires. In this case,
the WSDL is being read from the spreadsheet, in the text box that you filled out at the beginning
of thisexercise.

The InvokeCall method returns whatever object is defined by the web method. In order to alow
any type of object to be returned, InvokeCall does not try to predict the properties and methods
of the returned objects. This means that the programmer must already know the properties of
WaterOneFlow objects before writing code (e.g., a variable object has a property called
variableName, which provides the name of the variable). The programmer new to
WaterOneFlow can use the code in this spreadsheet as a guide to accessing the properties of
WaterOneFlow objects.

8. Closethe VBA window.

3.4.5 Getting the Site Catalog

The Site Catalog worksheet retrieves all sitesin the observation network, as well as a catalog of
time series data for each site. Basically, the underlying macro calls GetSitesto get alist of sites,
and then for each site, calls GetSitelnfo to get alist of variables measured at each site.

1. Click the Site Catalog worksheet to activateit.
2. Pressthe Click to Get Site Catalog button. After amoment, the site catalog appears in
the worksheet, and a message box indicates that the tool is finished.

Microsoft Excel E

Finished dawnloading site catalog

3. Click OK to dismiss the message box.
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Click to Get Site Catalog

[Max Sites to Get

100]

After running GetSites, results will appear below.
Frogress is shown in bottom left. To cancel, press Ctrl-Break and click End. ¥ou may need to run the Reset

[Site Code ISite Name Latitude Longitude
SREHOS: RTHMet hale Hills of Penn State Universit 40.66581726 -77.90401459
Variable Code Variable Name Units Count
=RBHOS:516 Radiation, net 10-minute watts per sguare met 53565
SREHOS:519 Precipitation, 10-minute increment millimeter 53565
SRBHOS:519 Precipitation, 10-minute increment millimeter 53565
SREHOS: 524 Wind direction, 10-minute continugdegree north 53565
SRBHOS 526 Wind speed, 10-minute continuous meters per second 53564
=RBHOS: 545 Air Termperature, 10-minute contin degree celcius 392N
SRBHOS 597 Wind speed, 5-minute continuous meters per second B357E
SRBHOS: 593 Wind direction, S-minute continuol degree north 53878
=SREHOS, 599 Radiation, net 5-minute continuouswatts per square met Ba57E
SRBEHOS: B0 Precipitation, &-minute incrementa millimeter E3378
=REHOS:E01 Precipitation, 5-minute incrementa millimeter B3575
SRBEHOSA17 Precipitation, daily millimeter 558
=RBHOS:520 Relative hurmidity perceant 392N
SRBHOS A2 =now Temperature degree celcius 27442
SRBHOS:525 Wind speed, daily maximurm meters per second 558
=RBHOS 528 Sage height, instantaneous meter 2052
=REHOS 529 snow depth centimeter 27438
Site Code Site Name Latitude Longitude
SREHOS:BURDRUN The Burd Run Interdisciplinary Wva 40.0548613 -/ 7518585536
Variable Code Variable Name Units Count
SREBHOS:509 Water ternperature degree celcius 170967
=RBHOS:A10 Oxygen, dissaled milligrams per liter 166233
=REBHOS:A11 YWatar depth rreter 849351

This can be agreat place to start if you don’t know much about a given observation network.
Just click to download the site catalog, go get a cup of coffee, and when you come back, you can
peruse what’ s available for each site in the network.

NOTE: Because so many callsto the web service are made, this can be alengthy process,
especially for observation networks with alot of sites. Y ou can limit the number of sites
returned by inputting a number in the yellow cell next to “Max Sitesto Get”.

3.4.6 Downloading Time Series Data

The Time Series worksheet provides access to the time series data. It requires four input
parameters. the site code, the variable code, a start data, and an end date. Enter the site code into

the yellow cell (G3) next to “Site Code”.

Enter avariable code from thelist in Site and Variable

Info worksheet in the yellow cell (G4) next to “Variable Code”, then enter avalid start date and

end date.
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Now let’s use the spreadsheet to download net radiation values from the SRBHOS database, for
afew daysin January, 2007.

1. Onthe Time Series worksheet, enter “SRBHOS:RTHNet” as the Site Code.

2. Enter “SRBHOS:516" asthe Variable Code. Thisisthe code for net radiation.
3. Enter “1/1/2007” asthe Start Date.
4

. Enter “1/5/2007” asthe End Date. These data occur at 10-minute intervals or less.
Therefore, the time series will be returned up to the beginning of 1/5/2007, which means
Wﬁz’ Il be getting back about four days worth of data (January 1% all the way through the
4M).

The cells should befilled in as shown below.

GetValues

Site Code SREHOS:RTHMet
Variahle Code SREBHOS:516
Start Date 1012007
End Date 1482007

5. Click the Click to Get Vaues button.
After amoment, the spreadsheet is populated with the time series of net radiation.

DateTime Value
1412007 0:10 -1.031000015
1412007 0:20 0.455000013
1412007 0:30 1.103000045
14,2007 0:40 -0. 26359959095
1412007 0:50 -2.085000035
1412007 1:00 -2.803299901
1412007 1:10 -3.763000011
1412007 1:20 -2.803299901
1412007 1:30 -2.348899977

After you push the Click to Get Vaues button, an Excel macro populates a WaterOneFlow time
series object from the ODM web service by using HydroObjects. The macro then reads the
datetimes and values from the object to fill in the spreadsheet as shown in the figure above.

3.5 Extending this Example

The HydroObjects API can be used in a COM compliant or .Net software package to perform
data access tasks like the ones demonstrated here. Y ou can view the macro by selecting Tools -
-- Macros --- Visual Basic Editor from within Excel. The routines within the macros provide
examples for how to implement HydroObjects within other software packages.

Another way to extend this example is to add additional data sources to the spreadsheet.
Because the WaterOneFlow services follow a standard format, acquiring data from different
sources (from NWIS to EPA Storet, for example) requires little more than changing the URL to
the WSDL for the particular web service of interest. If you are familiar with Visual Basic and
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would like to customize this example, there are a number of resources on
http://water.sdsc.edu/wateroneflow to help in the process.
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4.0 Ingesting STORET Data into Excel with HydroObjects

by Bora Beran

4.1 Introduction

This chapter demonstrates the use of the HydroObjects Application Programming Interface
(API) to alow users direct accessto EPA’s STORET database of water quality information from
within Excel. The HydroObjects APl isa.Net DLL that is compiled to also be COM compliant.
This alows the API to supplement other COM compliant software systems (Word, R, Python,
etc.). The example here shows an Excel spreadsheet that has been extended through the
development of Visual Basic for Applications (VBA) macros that use the HydroObjects APl asa
resource, in order to download data from STORET. With these Excel macros, the user is able to
get metadata (e.g. site location, number of variables measured and their description) and time
series data for any variable measured at a STORET site by smply clicking buttons within Excel.
HydroObjects provides alayer of abstraction between Excel and the web services, which allows
the steps demonstrated in this chapter for STORET to aso be applicable for the other data
sources within WaterOneFlow.

4.2 Computer Requirements

Working internet connection
MS Excel

HydroObjects

EPA .xIs spreadsheet

4.3 Ingtallation

If you haven’t already installed HydroObjects (as required for Chapter 3), follow the procedure
asin Chapter 3.

To download the EPA .xls spreadsheet, open aweb browser and go to

ftp://ftp.crwr.utexas.edu/pub/outgoing/ CUAHSI/HydroObjects

and click the EPA xIs link.

4.4 Downloading EPA STORET Data
To download EPA STORET data, double click on EPA .xIsto open the file in Excel.

EPA .xls contains macros that use WaterOneFlow web services to download EPA STORET data.
(Y ou may need to change your security settings in Excel to Medium in order to run macros.) If
prompted about enabling macros when opening the file, make sure you enable the macros by
choosing the “Enable Macros’ option as shown below:
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Security Warning E

"Ci\Program FilesiCUAHST HydroCbijecks\EPA, xIs" contains macros.

Macros may contain viruses, It is usually safe ko disable macros, but if the
macros are legikimate, you might lase same Funckionality,

Disable Macros ] [ Enable Macros ] [ Mare Info ]

EPA .xls contains five worksheets: Data Source, Sites, Variable, Site and Variable Info, and Time
Series. The Data Source worksheet provides general information about the data, web site for
accessing the data and location of web services.

4.4.1 Obtaining Site and Variable | nformation

Sites

The Sites worksheet (shown below) provides an image of the site file (Ilocation of stations) for
the data, and information on the sites. There are about 275,000 stations for downloading EPA
data. For demonstration purposes, information on only eight random stations are included in the
Sites worksheet as shown below (To download data for sites not listed in the excel file, the user
must know the EPA STORET organization and station codes for the site of interest). Users can
use this worksheet to keep alist of stations they regularly visit.

Sites

This worksheet lists the names and site codes for a small subset of EPA sites, as well as latitude, longitude, HUC, station type and the state that the site is in.
You can use this worksheet to store stations of interest. You can use the area next to the map to store the organization acronyms

1%

|3 4 ) Organization Code Organization Name
N 21FLPNS Florida Department of Ervironmental Protection
MNP CAT Minnesota Pollution Contral Agency
- UTAHDWQ Utah Department Of Environmental Quality
- 21NJDEP1 J Department of Environmental Protection
TINPEWRD Mational Park Serwvice
215CBIWQ SC Departrnent of Health & Ervironmental Control
21FLSFWM South Florida Water Management District
21FLLOX Loxahatchee River District (Florida)
21FLPOLK Polk County Water Resources (Florida)
211004, lowa Dept. of Matural Resources
21MABCH Massachusetts Departrment of Public Health
218ICH Michigan Department of Environmental Guality
s 21RIBCH Rhode Island Department of Health
f \ g . |21PABCH Pennsylvania Department of Health
-.'é‘ . : < 21PA Pennsylvania Departrment of Environmental Protection
% i 21WIBCH Wyiscansin Depatment of Matural Resources
R ’- : o - ( 21WWABCH Washington State Department of Ecology
Name State Site Code HUC Latitud Longitud Station Type
BIG COLDWATER CR @ OLD IROM BRIDGE Florida 21FLPNS: 33030069 " 03140104 30.743084 -86.954 River/Stream
LAKE LARSON 7 M| MWW OF RED WING Minnesota MNP CAT:25-0016 " D7D40001| 44 G2B0672 52 BE714|Lake
2 CULVERTS 1.65 MILES 50 OF 1253 Utah UTAHDYYQ: 4930460 16020102 40.93111) -111.898613 River/Stream
SHARK RIVER MNew Jergey 21MJDEP1:5655200060 " 02030104 401958351 -74.03389 Estuary
EVDHO32 Mevada 11MPEVWRD GRBA_MURE 159 7 16020301| 39 1489449 -114 136841 Spring
SAVANNAH RIVER AT LOCK AND DAM South Carolina 21 5CEO0VYQ: 5V-323 " D30B010B| 33.3712769  -51.94458 River/Stream
BOYNTOM FARMS BASIN, AMESTOY FARMS SFlorida 21FLSFWM:BFBAFSF " 03090202 2651562 -80.21293 Transport Canal
STONE HARBOR 108TH STREET BEACH MNew Jersey 21MJDEP1: 17080928136 " 02040302 39.0438881  74.76833 Ocean
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Variables
The Variables worksheet contains alist of EPA STORET variable codes, medium codes and
their descriptions.

Siteand Variable Info

The Site and Variable Info worksheet (shown below) provides buttons for discovering what
variables are measured at each site and brief metadata for each variable (eg. name, units, etc.).
Each EPA station isidentified by the collecting organization’s code followed by a station code.
To get the information on the variables measured at any station, you must enter the correct
station identifier in the yellow cell (G3) next to Site Code, separating organization code and
station code with a colon, asin MNPCA 1:25-0016. The following screenshot shows an example
using a station managed by Florida Department of Environmental Protection (21FLPNS) with
station code 33030069.

GetSitelnfo | [Getvariablelnfo |
Site Code > |21FLPNS 33030068 | |Variable Code = [1473-1 |
Click to Get Site Info Click to Get Variable Info
After running GetSitelnfo, After running GetVariablelnfo,
results will appear below. results will appear below.
Name BIG COLDWATER CR i@ OLD IROM BRIDGE Name Phosphorus as P
Latitude 30.74308395 Units ugyl
Longitude -86.984 Description Phosphorus as P (Sample Medium: Water)
Variable Codes Start Date End Date Value Count Variable Description
118101 9/A15A1998 | 3/22/2005 166 | Chlorophyll a, corrected for pheophytin (Sample Medium: Water)
12041 1/5/1999 3/22/2005 174 | Chlorophyll a, uncorrected for pheophytin (Sample Medium: YWater)
1311 1/26A1999 ) 3/22/2005 86 Cloud cover (Sample Medium: Water)
1381 141341998 3/15/2005 184 | Color, True (Sample Medium: YWater)
2011 1641998 3/22/2005 361 Dissolved oxygen (DO) (Sample Medium: Water)
117391 Fi25/2000) 3/22/2005 229 Enterococcus Group Bacteria (Sample Medium: YWater)
1371 141341995 3/22/2005 373 Fecal Coliform (Sample Medium: Water)
3301 3A16A1993 7252002 21 Mitrogen, ammonia (NH3) as NH3 (Sample Medium: Water)
3331 3A16A1999 752002 21 Nitrogen, Kjeldahl (Sample Medium: Water)
336-1 3A16A1999 ) 752002 21 Mitrogen, Mitrite (NOZ) + MNitrate (NO3) as N (Sample Medium: Water)
1-1 141341995 3/22/2005 327 pH (Sample Medium: Water)
14731 3A16A1993 ) 752002 21 Phosphorus as P (Sample Medium: Water)
395-1 5/16/2000) 6A10£2003 158 Precipitation (Sample Medium: Water)
4341 1641998 3/22/2005 355 Salinity (Sample Medium: Water)
456-1 1/2711998 3/15/2005 141 | Solids, Total Suspended (TSS) (Sample Medium: YWater)
13941 141341995 3/22/2005 335 Specific conductance (Sample Medium: Water)
B05-1 1/5/1999 3/22/2005 242 Temperature, air (Sample Medium: Water)
481-1 1641998 3/22/2005 368 Temperature, water (Sample Medium: Water)
117371 1/26A1998 3/22/2005 366 Total Coliform (Sample Medium: Water)

Once you click the yellow cell next to Site Code, a drop-down menu appears with alist of EPA
STORET stations provided in the Sites worksheet. Y ou can either choose one of the numbers
from thislist or you can enter any other station number of interest.

The following stepsillustrate how to download site and variable information.

1. Onthe Site and Variable Info worksheet, enter “21NC02WQ:J9930000” as the Site Code
in cell G3, and then click the Click to Get Site Info button. This site codeisfor a station
along the Neuse River in North Carolina.

After afew seconds, alist parameter codes for each variable measured at the station and the
period for which the data are available appears. To the right you can also see the number of
records for each parameter and a description of parameter codes. Above thislist you can see the
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name of the station and its coordinates (L atitude and Longitude). Variable Codes include
measured parameter and measurement medium information separated by a dash. Codes and their
descriptions can be found in the Variables worksheet.

Name MEUSE RN AT Ch MR AT MOUTH ME PARMLICO
Latitude 35.1100

Longitude -7B. 4761

Variahle Codes |Start Date End Date Value Count
21-1 20260897 1242005 43
29-1 20261997 12472005 43
341 927899 10141999 2
74-1 2026897 124752005 43

2. Onthe Site and Variable Info worksheet, enter “1-1" asthe Variable Codein cell L3, and

then click the Click to Get Variable Info button. Make sure medium information is not
missing. In this example “-1” indicates that mediumis*“Water”.

After amoment, information about the variable appears in the spreadshest.

Name pH
Units Mone
Description pH (Sample Medium: Water)

4.4.2 Downloading Time Series Data

The Time Series worksheet provides access to the time series data. It requires four input
parameters. the site code, the variable code, a start data, and an end date. Enter the site code into
the yellow cell (G3) next to “Site Code”. Y ou have the option of choosing the site code from the
drop-down menu or entering a valid EPA organization/station code. Enter a variable code from
thelist in Site and Variable Info worksheet in the yellow cell (G4) next to “Variable Code”, then
enter avalid start date and end date.

Now let’s use the spreadsheet to download pH values for the site that we queried above.

1.

2
3.
4

On the Time Series worksheet, enter “21NC02WQ:J9930000” as the Site Code.
Enter “1-1" asthe Variable Code.

Enter “1/1/1995” asthe Start Date.

Enter “1/30/2006" asthe End Date.

The cells should be filled in as shown below.
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GetValues

Site Code D WSO 9930000
Variahle Code 1-1
Start Date 1/1/1985
End Date 1/30/2006

5. Click the Click to Get Vaues button.
After amoment, the spreadsheet is populated with the time series of pH values.

DateTime Value

a7 2004 11:00 8.2
A272005 11:00 75
104172002 13:35 758
702472002 10:10 7.5

BA25/2002 9:44 7.0
114122003 11:10 7.0
104122004 11:16 7.8
BA26/2001 10:29 7.8
Lo I T T O O P [ [ |

In addition to the time series data, to the right of the data you will find some information about
the time series, including units and date/time you downloaded it.

NOTE: Thetime seriesvalues are not in chronological order, which reflects how they are
returned from the EPA website. WaterOneFlow services attempt to modify the data they retrieve
aslittle as possible, in order to preserve the integrity of the data.

Congratulations! Y ou have just used Excel and HydroObjects to download water quality data
from EPA’s STORET database.
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5.0 Ingesting Weather and Streamflow Data into ArcGIS
by Ernest To

5.1 Introduction

This chapter demonstrates the ingestion of meteorological and streamflow data from Daymet,
NAM and NWISin ArcGIS using a custom ArcMap tool called Weather Downloader.

Weather Downloader is avery useful tool for downloading time series data needed to describe
the hydrology of a given geographical area. It utilizes CUAHSI web services to access
meteorol ogical and streamflow data stored in public data repositories. Weather Downloader’s
user interface allows the user to extract data by specifying the following inputs:

1) apoint feature classin ArcGIS that contains locations of interest;

2) variables of interest (e.g. precipitation, temperature), and;

3) time periods of interest.

Weather Downloader il

Please select the point featureclass: Flease select identifier field in featureclass

ILISGS_Gages_SanMarcos j IHydmID j

Fleaze type in the path and filename of the geodatabaze that containg the TimeSernies table.

|\\_I,Jellc-w\c_drive‘\ErnestW\-"eatherD owhloaderanalysishG15 \projectshfor_HIS_wark Browse |

—Historical D ata
Source: Dapraet - Diata available fram 1411980 to 12/31./2003.

[T 1 - Daiy maximum temperature [deg C) [~ 5-‘apar Pressure Deficit [Pa)
[~ 2 - Daily minimum temperature (deg C) [T G- Solar Radiation [SRAD] [ m -2
[T 3-Average temperature during day [deg C] [~ 7 - Day length 5]

[T 4-Precipitation [cm)
Start date: |1H1£1EIEID End date: |12£31£2DE|3

—Forecasted Values
S_Durce: UMIDATA Morth American Model 12KM - at 3-hour intervals for the next 3.5

[T 8- Total Precipitation (kg m-2 or mm rainfall)

# Mate that farecasts are in zulu time [Greemwich Mean Time).

— Streanflow Data
Source: USGS Mational " ater Infarmation System [MwWIS)

[” 8- Daily Streamflow Data (cf Flease select figld that OBJECTID -
ellp Sz Dt ee) containz USGS gage number: I J

Start date; I'I.-"'I 41330 End date: |'|2.-"3'| 42003

—Other Wweb Services [downloads time series for one location and one wariable anly)
MOTE: “Works independently from the selected featured class.

10 - Other [Flease click on "Advanced" to specify source. method and Advanced |
parameters"
% Replace contents of TimeSeries table.
)4 | Cancel |

" pppend to contents of TimeSeries table.
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When executed, Weather Downloader cycles through each location in the point feature class,
downloads the desired data through CUAHSI’ s web services and writes them to the TimeSeries
table of an Arc Hydro geodatabase specified by the user.

Arc Hydro is an ArcGI S data model which facilitates preprocessing and integration of
hydrological geospatial and temporal data with hydrologic and hydraulic simulation models. For
more information on Arc Hydro, see:

http://www.crwr.utexas.edu/qgi swr/hydro/index.html

5.2 Computer and Skill Requirements
To complete this exercise, your computer must meet the following requirements:

e Windows 2000 or above

e ESRI ArcGIS9.1 or above

e Microsoft NET Framework version 2.0 (x86) (thisisavailable at:
http://www.microsoft.com/downl oads/detail s.aspx ?Familyl D=0856each-4362-4b0d-
8edd-aab15c5e04f5& DisplayL ang=en)

e |nternet connection

This exercise assumes that you have some familiarity with the ArcGIS 9.1 software environment.

5.3 Installation
Toinstall the Weather Downloader tool:

1. Download the Setup file from the following link:

ftp://ftp.crwr.utexas.edu/pub/outgoing/ CUAHSI\HIS workbook/20070720/Install ationFiles/\Wea
therDownloaderSetup 20070629.zip

2. After download, unzip the file on alocal drive (contents shown below), and double click
on Setup.Exeto run the setup file.

[ Setup.Exe
; Microsoft (R Yisual Stadio Win. .,
Mi ft i
icrosaoft Carporation
_E Setup.msi
r Windows Installer Package
I, ‘ g 1,976 KB

3. Inthe Weather Downloader Setup Wizard, click Next to start the install ation process.
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http://www.crwr.utexas.edu/giswr/hydro/index.html
http://www.microsoft.com/downloads/details.aspx?FamilyID=0856eacb-4362-4b0d-8edd-aab15c5e04f5&DisplayLang=en
http://www.microsoft.com/downloads/details.aspx?FamilyID=0856eacb-4362-4b0d-8edd-aab15c5e04f5&DisplayLang=en
ftp://ftp.crwr.utexas.edu/pub/outgoing/CUAHSI/HIS_workbook/20070720/InstallationFiles/WeatherDownloaderSetup_20070629.zip
ftp://ftp.crwr.utexas.edu/pub/outgoing/CUAHSI/HIS_workbook/20070720/InstallationFiles/WeatherDownloaderSetup_20070629.zip

].'{rf- Weather Downloader

Welcome to the Weather Downloader Setup Wizard

The installer will guide vou thraugh the steps required ta install YWeather Downloader on your
computer.

WAARNIMNG: This computer prograrm is protected by copyright law and international treaties.
Unauthorized duplication or distribution of this pragram, or any portion of it, may result in sewvere civil
or criminal penalties, and will be prosecuted to the maximum extent possible under the law.

Cancel | < Back | MNext > |

4. Usethe default installation folder for Weather Downloader or choose your preferred
location, specify to install the program for “Everyone’ or “Just Me”, and click Next.

ji& Weather Downloader

Select Installation Folder

The installer will install Weather Downloader to the following folder.

To install in this folder, click "Next". To install to a different folder. enter it below or click "Browse".

Folder;
CAProgram Files\CUAHSWWeather Downloader, Browse... |

Digk Cost... |

Install Weather Downloader for yourself. or for anyone who uses this computer:

(" Ewveryone

™ Justme

Cancel | < Back | et > |

5. Click Next to get the Confirm Installation Window, and then click Next to start the
installation process. Y ou should see the progress bar as shown below:
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ji& Weather Downloader

Installing Weather Downloader

Weather Downloader is being installed.

Please wait...

Cancel < Back (=2

6. After the Weather Downloader is successfully installed, click Close to finish the weather
downloader installation process.

Besidesinstalling the weather downloader, the installation process also adds two files
(weather_downloader.mxd and weather_downloader.mdb ) in C:\Program
FilesCUAHSI\Weather Downloader (or any other location specified during the set up) that you
will usein this exercise.

54 Retrieving Data with Weather Downloader

In this exercise, you will use Weather Downloader to retrieve climate and streamflow time series
data for the San Marcos basin in Texas.

5.4.1 Openingthe Map

1. Double click on weather _downloader.mxd to open the ArcMap document as shown
below. (Thefileislocated in the directory where you installed Weather Downloader.)
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GUADALUPE

T

This map shows the San Marcos watershed which is located between the cities of Austin and San
Antonio in Texas. The green polygons are the catchments and the orange points are their
centroids. The purple and white symbols are USGS stream gages. The black triangles are USGS
groundwater well stations.

2. Open the attribute table for USGS_Gages SanMarcos. The table is shown below.

EH Attributes of USGS_Gages_SanMarcos ;[Qlil
OBJECTID* Shape* HydrolD HydroCode FType Hame JunctionlD
[ 1 |Point 1000001 05171000 1] Blanca River At Wimberley Tx G40
2 |Pairt 1000002 |05171300 i} Blanco River Mr Kyle Tx Ed1
3 |Point 1000003 |051 72400 0 Plum Creek At Lockhart T E39
4 |Paint 1000004 05170500 1] Zan Marcos B At San Marcos Tx E42
5 [Poirt 1000005 (05172000 u] San Marcos River At Luling Tx 635
Recond: ﬂl;ll 1 _Plﬂ Shu:uw:l Al Selected | Records [0 out of 5 Selected.) Options v|

From the table, we see that this feature class contains five points representing USGS stream
gages. Thevauesin the field HydroCode are the unigue stream gage | Ds assigned to each gage
by the USGS. These are public identifiers by which these features may be identified in any
system. Thefield HydrolD stores the unique ID of these features in the geodatabase. The
Hydrol D links each stream gage to other features in the geodatabase, such as time series records
which you will download in this exercise.

5.4.2 Adding Weather Downloader to ArcMap

1. From ArcMap’s standard menu bar, click Tools, and then click Customize....
2. Click on the Commandstab, and then click on Add fromfile....
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Customize

Toolbars Commands |thjons|

Categories: Commands:
3D Analyst ~ 43D Analyst Layer List Control -
3D View B Add Features to TIN... il
Adjustment Area and Volume...
Advanced Edit Tools —  |#= Contour Tool
ArcPad Create TIN From Features. ..
ircica?b Features to 3D...

rc foolbox % Interpolate Line Tool

. Pmg

‘égl':t;“te transfer A Interpolate Point Tool

£ Interpolate Polygon Toal )
=
B::: Eroanrzggers <=+Line of Sight Tool
DataGraph Natural Neighbors...
b Profile Graph Tool

Mlmmbmre b TIKL

Dimensioning

|

v

Description |

Close |

Save in: Iweather_dem0_91VI Keyhoard... |

3. Navigate to the directory: “C:\Program Files\ CUAHSI\Weather Downloader” (or
wherever you installed Weather Downloader on the local drive).

open 2| x|

Lookin: I@WeamerDownloader j = cF B
S0 «| |2 ESRLArCGIS.ArcMapULdl ESRLArcGIS.SystemULdl
b ESRLArcGIS.Carto.dl HydroObjects.dl
~ ESRLArcGIS.CartoULdl HydroObjects.th
My Recent ESRLArcGIS.Catalog.dl stdole.dl
Documents ESRLArcGIS.CatalogULdl Thinktecture. Tools.Web. Services.
=) ESRLArcGIS. DataSourcesFie.dl Thinktecture. Tools.Web.Services.
@ ESRLArcGIS.DataSourcesGDB.dI WeatherDownloader.dl
ESRIArcGIS.DataSourcesRaster.dl =] weatherDownloader.tb
Desktop ESRLArcGIS. Display.dll

ESRLArCGIS.Framework.dl
ESRLArcGIS.Geodatabase.dl
ESRIArcGIS.GeoDatabaseExtensions.dl
ESRLArCGIS.GeoDatabaseULdl

ESRLArcGIS.Geometry.dl

ESRLArcGIS.GISClient.dl

ESRILArcGIS.Output.di

ESRLArCGIS.Server.dl

ESRLArcGIS.System.dl

4| i

’ File name: IWeaMerDownIoader.ﬂb j
H Files of type: IType Libranes (*.olb*tlb,*.dll) LI Cancel |
¥

4. Select WeatherDownloader.tlb and click Open. If the installation is successful, the dialog
box shown below should appear to confirm that the tool has been successfully added.

My Documents
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Added Objects...

X

DL Utility

(If you see amessage saying “No new objects’ or something similar, check to see that you have
administrator privileges on your computer. Y ou must be ableto register DLLsin order to add
Weather Downloader to ArcMap.)

5. Click OK, and then drag Weather Downloader tool (see below) from the customize
window to anywhere in the ArcMap toolbar to create a new button named Weather
Downloader. Then close the customize window.

Customize j E|

Toolpars Commands lgpnonsl

Categories: Commands:

Weather Downloader

Spatial Analyst

StreetMap

Surface

Survey Analyst

Survey Data Exchange

Survey Editor

Survey Explorer

Survey Feature Tools

Text

TIN =
Tools

Topology v

53

Save in:  |weather_demo_91 v Eeyboard... | Add fram file... Close |

The weather downloader tool will appear as a button in the ArcMap toolbar as shown below:

™ weather_demo_%1_20060416_ 1228 mxd - ArcMap - Arcinfo

Bl Eo Yew [Faed Seechon Joos VWirdow Hep
0wE& (] #[(iem = S AGO W (@GOG -.P-.uu‘ numm)

[ Lavers]
- B DemaPoints

5.4.3 Downloading Weather Data
1. Click on the Weather Downloader button to get the form shown below.
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Weather Downloader

Pleaze zelect the point featureclaszs: Pleaze zelect identifier field in featureclazs

Selected Groundwater Wells Hydrol D j

Please twpe in the path and filename of the geodatabase that containg the TimeSernies table.
C:AProgram Files\CUAHS Nweather Downloadersweather_downloader. mdb Browse |

Atmozpheric l Surface] Sul:nsurfan:e] Eustn:nm]

Higtonical Data
Source: Daymet - Data available from 1,/1/1380 to 12/31/2003.

[ 1 - Daily maxirmum temperature [deg C) [ &-%apaor Pressure Deficit [Pa)
[ 2 - Daily minimum termperature (deg C) [ B- Solar Radiation [SRAD] [ m -2
[ 3-Average temperature during day [deg C1 [ 7 - Day length [5]

[ 4-Precipitation [cm)
Start date: 1,4,15990 Enddate: |12/31,/2003

Forecasted Waluesz
Su:uuru:e: UMIDATA Morth Amenican Model 12K8 - at 3-hour intervals for the next 3.5

[ 8- Total Precipitation (kg m-2 ar mm rainfall

* Maote that forecasts are in 2ulu time [Greenwich Mean Time].

feivry
Createdby Eroest Sio Cir To
University of Texas ar Aussio
* Replace contents of TimeSeries table.
Ok, | Cancel |

" Append to contents of TimeSeres table.

The form contains several input options, including four tabs for retrieving different types of data:
Atmospheric, Surface, Subsurface, and Custom. Thefirst three tabs are pre-programmed to
work with a specific data provider and web service. Thelast tab, Custom, allows you to enter
the WSDL of any other WaterOneFlow web service that wasn't aready included with Weather
Downloader. Thisis useful when anew serviceis created after the Weather Downloader
program was last compiled.

Selecting a point layer




2. Inthetop left combo box (located below “Please select the point feature class’), select
the feature class that contains the point locations where you want weather data. For this
exercise, select USGS gages SanMarcos.

Sdecting identifier field in the point layer

3. Inthe second combo box, select the identifier field that will link the feature class to the
time series data. By default, the tool selects Hydrol D in the attribute table of the input
layer asthe identifier field. If the HydrolD field is unavailable, the combo box defaults
to thefirst integer field in the attribute table. For this exercise, make sure HydrolD is
chosen in this combo box.

Sdlecting data output location

4. By default, the data output location is set to look for a geodatabase named
“weather_downloader.mdb” that resides in the same directory as the ArcMap document.
If adifferent geodatabase is desired, the user can click on the Browse button and navigate
to the location of the desired geodatabase. For this exercise, leave the default of
C:\Program Files\ CUAHSI\Weather Downloader\weather _downloader.mdb, or wherever
you installed Weather Downloader.

Selecting variables

5. Select the variables that you want to download by clicking on the check boxes next to the
variable descriptions. First let’s get some atmospheric data. Make sure the Atmospheric
tab is selected.

6. Intheframefor Historical Data, check the box for “4 - Precipitation (cm)”.

Histonical Data
Source: Daymet - D ata availab

[ 1 - Daily maximum temp:
2 - Daily minirmur tempe

-
[ 3-Average temperature
[w

4 - Precipitation [cm]

7. Now click the Surface tab. In the framefor Streamflow Data, check the box for “9 —
Daily Streamflow Data (cfs)”

Atmozphenc  Surface l Subsurface] Cush

Streamflow [ ata
Source: USGES Mational ‘wWater [nformatio

v | 9-[Daly Strearntlow Data [cfs)
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Please note that for Streamflow data, NWIS uses the USGS gage number (instead of |atitude and
longitude) to locate the point of interest. Recall that these gage numbers are stored in the
HydroCode field of our USGS Gages SanMarcos feature class.

8. Inthe associated combo box on the Weather Downloader form, in the frame for
Streamflow Data (see below), select HydroCode as the USGS gage number field.

Streamflow Data
Source: USGES Mational WWater Information Spstemn [Miw5]

¥  9-Daily Strearnflow Data [cfs Please select field that HedroCod .
’ B cohtaing USG5 gage number: Jarol-ode J

Specifying period of interest

Y ou can specify the start dates and end dates for the Daymet and USGS stations by typing into
the Start date and End date boxes,

Start date;  |1/1/1330 End date: 124312003

Y ou can type in any date range. However, the web services will only return data that are within
the period of record for the location of interest.

9. For thisexercise, leave the default start and end dates unchanged (start date = 01/01/1990
and end date = 12/31/2003) for Daymet and NWIS.

For UNIDATA, thetool is set to download the most recent forecast results from the NCEP North
American Mesoscale Model (12km). Because forecasts are generated for afixed period of time
into the future (i.e. 84 hours), the web service is“hard-wired” to download all the datain this
period. The North American Mesoscale model isrun every six hours at 00:00, 06:00, 12:00,
18:00 Greenwich Mean Time with forecasts being made at 3 hour-intervalsinto the next 84
hours (i.e. 3.5 days).

Replace/Append to Timeseriestable

10. The last two radio buttons in the form let you choose between overwriting existing data
in the TimeSeries table (Replace contents of TimeSeries table), or keeping the existing
datain the TimeSeries table (Append to contents of TimeSeriestable). For this exercise,
select the Replace contents of TimeSeries table option.

{+ Replace contents of TimeSeres table.

" Append to contents of TimeSeries table.
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The completed form should look like the one below for the Atmospheric tab.

Weather Downloader

Pleaze zelect the point featureclaszs: Pleaze zelect identifier field in featureclazs

|USGS_GagES_SanMar|:D$ j |H_I,u:|r|:-|D j

Please twpe in the path and filename of the geodatabase that containg the TimeSernies table.
|E:"~F'n:ugram FilezhCUAHS MW eather Downloaderweather_downloader. mdb Browse |

[ l Surface | Subsurface | Custom |

Higtonical Data
Source: Daymet - Data available from 1,/1/1380 to 12/31/2003.

[ 1 - Daily maxirmum temperature [deg C) [ &-%apaor Pressure Deficit [Pa)
[ 2 - Daily minimum termperature (deg C) [ B- Solar Radiation [SRAD] [ m -2
[ 3-Average temperature during day [deg C1 [ 7 - Day length [5]

[v 4 - Precipitation [cm)
Start date: 11,4,1990 Enddate: [12/31,/2003

Forecasted Waluesz
Su:uuru:e: UMIDATA Morth Amenican Model 12K8 - at 3-hour intervals for the next 3.5

[ 8- Total Precipitation (kg m-2 ar mm rainfall

* Maote that forecasts are in 2ulu time [Greenwich Mean Time].

Createdby Eroest Sio Cir To
Uaiversity of Texas af ArsSo

* Replace contents of TimeSeries table.

: : Ok, | Cancel |
" Append to contents of TimeSeres table.

For the Surface tab, the form should look like the one bel ow.
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Weather Downloader,

Please zelect the point featureclazs: Pleaze zelect identifier field in featureclazs

|L|SES_Gages_SanMar|:D$ ﬂ |Hy|:|r|:||D ﬂ

Fleaze type in the path and filename of the geodatabase that containg the TimeSeres table.

|E:'\F'n:ugram FileshCUAHS N eather D ownloaderwweather_downloader. mdb Browse |

Atmospheric { Sul:usurfa-:e] Eustu:um]

Streamflow Data
Source: USG5 Mational "W ater Information Spetem [HWwI5)

W  9-Daily Streamflow Data [cfs Pleaze zelect field that HodroCod -
’ (et containg USGS gage number: | yarolode J

Start date;  |1/1/1330 End date: 124312003

Createdby Eroest Sie Chir To
Uaiversity of Texas af AcsSio

* Replace contents of TimeSeries table.

i i s | Cancel |
" Append to contents of TimeSeres table.

Running the tool

11. Once al the inputs are provided, click OK to run the tool.

Thetool highlights the points for which the data are being downloaded as shown below. Since
you are downloading two types of data, each point will be highlighted twice.
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Besides highlighting the points, the progress of the tool is shown in the status bar in ArcMap at
the bottom-left corner of the ArcMap window. Please note that the tool may take a few minutes
to compl ete the data download.

Once the download is complete, the tool will display the time taken in adialog box as shown
below.

WeatherDownloader x|

Finished with time series download,
W'eb access took 80,00 seconds.,

12. Click OK to continue.

| nspecting the results

The weather downloader tool downloads the dataiin Arc Hydro time series format.

13. Inthe ArcMap table of contents (left window), select the source tab and then select the
TimeSeries table as shown below.

= County_boundark
=

= B LwrCatchment
O

= UpCatchment

=

jul Tmesenes

OLISType

< >

Cisplgf” Source | Splection |
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12. Right click on TimeSeriestable, and then click Open to view the contents of the table as

shown below:

B Attributes of TimeSeries

=101 %]

| oBJECTID *

FeaturelD | TSTypelD | TSDateTime | TSValue |

r F215535

J2135839
J213540
F2a341
J23542
J213543
J23544
J213543
J213546
J213547
3213543

1000001
1000001
1000001
1000001
1000001
1000001
1000001
1000001
1000001
1000001
1000001

Record: ﬂﬂl- .'I-jﬂ Show:

E R R SN R R S SR R R

4

IW Selectedl Records [0 out j

41261330
4127330
41281330
41291330
4130330
3111930
3221930
3£3M1930
32541930
3r3M1930
3251930

34 ﬂ

1.9
0
0
0
0

21

4.3
0
0

2=l

The time values are stored in the TSDateTime field, and the corresponding data are stored in the
TSValuefield. The TSTypel D field stores variable codes which can be looked up in the TSType
table for more information such as units, time interval, etc.

Y ou can export the attribute table into a .dbf file and do some fancy plotswith it. For instance
the following are the hyetograph and hydrograph of USGS gage 08170500 (San Marcos River at
San Marcos) that are plotted from the data you have just downloaded. Notice how well the
major storm eventsin the graphs line-up with each other despite the different sources of data.

Pretty amazing, isn't it?
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Precipitation (cm)
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14141930 0:00 97271992 0:00 B/24/1995 0:00 342041998 0:00 12/14,/2000 0:00 91072003 0:00

Strearnflow (cfs)

5.5 Downloading Data from Other Web Services

Weather Downloader alows the user to utilize other web servicesin CUAHSI’ s arsenal through
the “Other Web Services’ feature. Some of these web services include;

1) NWIS Instantaneous Irregular Data (Field Measurements, Water Quality)
2) NWISUnit Values (Real Time) Data

3) NWIS Ground Water Data

4) MODIS (Moderate Resolution Imaging Spectroradiometer) data

This feature allows the invocation of web servicesin asimilar manner to programming in
VB.NET. The user hasto choose or type the WSDL (Web Service Description Language) of the
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desired web service, the name of the desired web method, and the input parameters for the
method into aform and then invoke the web service through Weather Downloader.

This basic form of input provides versatility and allows the use of web services not yet
incorporated into the main interface of Weather Downloader. The limitation of this featureis
that it works on one location at atime and does not cycle through a group of points as with
Daymet, NAM and NWIS daily values web services.

1.

2.

3.

To access the “Other Web Services’ feature, open Weather Downloader, and click the
Custom tab.

Place a check next to “999 — Other WaterML webservices’. Be sure to uncheck other
data sources that you may have already downloaded on other tabs (i.e., “4” and “9".)
For the WSDL, select the one for ODM_BIO in Texas. Thisweb service provides
biological datafrom Texas State University.

http://www?2.tnris.state.tx.us/TexasHISODM BIO/cuahsi 1 0.asmx?WSDL

.-‘-‘-.tmu::spheriu:] Surface] Subsuface  Custom l

Iv 999 - Other WatetdL web services

For the web service name, enter “WaterOneFlow”.
For the web method, enter “ GetV auesObject”.

Fleaze enter the name aof the desired web zervice [e.q

|WaterEl reFlow

Fleaze enter the name of the desired web method [e.

|Eet"-.*'a|uesl:l bject

Next, you would specify the location (site code), variable, and period of record for the
time series you want to retrieve. Some default were automatically placed in these text
boxes when you selected the WSDL for ODM_BI O, so just accept the defaults.

In the Replace/Append option at the very bottom of the form, choose the Append to
contents of TimeSeries table option, and then click OK.
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http://www2.tnris.state.tx.us/TexasHIS/ODM_BIO/cuahsi_1_0.asmx?WSDL

Pleaze enter the parameters for the web method [handles

Location: |EID:EI

" ariable: |DD:Michpterus galmoides
Start Date: |-| 900-08-01

End D ate: |2007-08-01

Authentication Code: |

Pleaze gpecify HydrolD and TSTepelD to identfy the dovr

Hydral D 933 TS5TypelD 939

* Replace contents of TimeSeries table.

" Append to contents of TimeSeres table.

8. Once download is complete, open up the TimeSeries table in the geodatabase and inspect
the values. What you' |l see are counts for the selected species at each time step.

This concludes the Weather Downloader demonstration.
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6.0 Plotting MODIS Datawith Matlab
by David Tarboton

6.1 Introduction

Matlab users can take advantage of web service methods by using the createClassFromadl
function. Thisfunction creates a Matlab class based on aWSDL. The URL tothe WSDL is
provided to the function when the function is called. This chapter demonstrates how to call a
CUASHI web service from Matlab, parse the result, and plot atime series graph. In the exercise,
you will write an M-file that creates a plot of the Cloud Optical Thickness Water Phase variable
from NASA’s MODI S database of remote sensing data.

6.2 Computer and Skill Requirements

To complete this exercise, your computer must meet the following requirements:
e Working Internet connection
e Matlab version 7 (or greater) software

This exercise assumes that you have some familiarity with the following software environments:
e Matlab version 7

NOTE: The source code for the parse_xml M-file used in this exercise islocated in Appendix A.
The source code for the MODISPlot_xml M-fileislocated in Appendix B.

6.3 Procedure

WaterOneFlow web services return data either in XML or Object form. XML isavery useful
format for web services, because it is platform independent and self-describing. Yet while
Matlab can create a class from aWSDL, it does not contain inherent classes for working with
XML. Therefore, we'll begin the exercise by creating an M-file called parse_xml that will serve
asour Matlab XML parser.

6.3.1 Setting up the XML Parser

1. Start Matlab.
2. Set the current directory to the location where you wish to perform the work.

| Current Directary: IC:'ctemp'lMatlabFinal ll J

3. If you aready have a copy of the parse_xml.m file, copy the file to the working directory
and go to the section entitled Retrieving MODIS Data. Otherwise, continue to the next

step.
4. |nthe Command Window, enter the command



edit parse_xn

If you get the following prompt, click Y esto create the file parse_xml.

File parse_xml.m does not exist.
Do you want to create it in the current directory?

[[] Do not show this prampt again.

5. Inthe Matlab editor, enter the code for parse xml as found in Appendix A. If you are
viewing an electronic copy of this document, try copying and pasting the code.
6. Inthe Matlab editor, click the File menu, and then click Save.

Y ou should now see the parse xml.m filein Matlab’s Current Directory window.

Current Directory - C:htemp',MatlabFinal
SRR

All Filez £ | File Type

28 parse_xml.m hl-fil e

6.3.2 Retrieving MODI S Data
With the XML parser in place, the next step isto build an M-file for retrieving MODI S data.

NOTE: Instead of entering code as shown below, you could copy the code from Appendix B, or
simply refer to MODISPlot_xml.m if you were provided a copy of the finished file with this
document.

1. Inthe Command Window, enter the command

edit MODI SPI ot _xm

2. Inthe Matlab editor, enter the following lines of code. This code creates an instance of
the MODIS class from the WSDL.

% Create cl ass.
wsdl =" http://water.sdsc. edu/ wat er OneFl ow MODI S/ Ser vi ce. asmx?WSDL' ;
creat eC assFromisdl (wsdl);

% This creates an instance of the cl ass.
svsMODI S = MODI S
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3. Inthe Matlab editor, enter the following lines of code. This code sets the parameters for
calling the GetValues method, and then calls GetValues. In this case, the parameters
instruct the MODI S class to retrieve Cloud Optical Thickness Water Phase values for
2004, spatially averaged over an area that roughly covers Travis County in Texas. The
plotArea parameter indicates that the values should include areas both over the land
surface and the oceans. Y ou will find alist of valid codes and keywords for retrieving
MODIS data at:

http://water.sdsc.edu/waterOneFlow/M ODI S/ Service.asmx

% Speci fy input paraneters.

w='-98. 2" % West | ongitude.

s='"30" % South |atitude.

e='-97.3" % East |ongitude.

n="30.7" % North |atitude.

[ ocation=[' GEOM BOX(' ,w," ',s,",",e," ", n")"]

% Vari abl e Code 11 = O oud Optical Thickness Water Phase.
vari abl eCode=" MODI S: 11/ pl ot ar ea=| and'

start Dat e=' 2004- 01- 01"

endDat e=' 2004- 12- 01"

% Cal | the GetValues function to get the tine series data.
xm Val ues=Cet Val ues(svsMODI S, | ocati on, vari abl eCode,
startDat e, endDate, ' ")

4. Inthe Matlab editor, click the File menu, and then click Save.
5. Inthe Matlab Command Window, enter the command

MODI SPI ot _xni

This command runs the code in the MODISPlot_xml.m file. When the code runs, you will see
the values that have been set for the parametersto the GetVaues call, followed by the XML
String returned from the web service that is saved in the variable called xmlValues.

endbate =

£2004-12-01

¥xmlValues =

ktimeSeriesRespDnse ¥mlns:gmwl="http://vww.opengis. net/ogml"

Alternatively you can run each of the commands above individually in sequence by highlighting
them and pressing F9 in the Matlab editing environment.
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http://water.sdsc.edu/waterOneFlow/MODIS/Service.asmx

To get an understanding of the structure of the XML output we will copy it to afile and view it
using an XML viewer such as Internet Explorer.

6. Copy the XML output (beginning with <t i meSer i esResponse and ending with
</ ti meSeri esResponse>) and paste the text into a new text document using a text
editor.

7. Save the document as MODISExample.xml, and close the text editor.

8. Open MODISExample.xml with an XML viewer.

Below is a screenshot of the document, as viewed in Internet Explorer. Some of the XML
elements have been collapsed for readability.

<timeSeriesResponse xmins:gml="http:/ /www.opengis.net/gml" xmins:xlink="http:/ /ww
xmins:xsi="http:/ /www.w3.org/ 2001 /XMLSchema-instance" xmins:wir="http:/ /ww
- «<timeSeries name="MODIS" =
+ <sourcelnfo xsi:type="DataSetInfoType">
- =variable=
<variableCode vocabulary="MODIS">11</variableCode =
<variableName=Cloud Optical Thickness Water Phase (QA WT)</variableMame =
<units unitsAbbreviation="um" unitsCode="55" unitsType="Length">=micron</units=
<fvariable=
- «<values unitsAbbreviation="um" unitsCode="55" count="12"=
<value dateTime="2004-01-01T00:00:00">18.9011 </value=
=value dateTime="2004-02-01T00:00:00">31.9133 </value=
=value dateTime="2004-03-01T00:00:00">21.5478 </value =
<value dateTime="2004-04-01T00:00:00">18.8422 </valus =
<value dateTime="2004-05-01T00:00:00">14.2878 </valus=
<value dateTime="2004-06-01T00:00:00">9.4344 =/ value=
<value dateTime="2004-07-01T00:00:00"5.3655</value=
<value dateTime="2004-08-01T0O0:00:00"7.3822 =/ value=
<value dateTime="2004-09-01T0O0:00:00"7.9600=/valus=
<value dateTime="2004-10-01T00:00:00">10.7789 =/ value =
<value dateTime="2004-11-01T00:00:00">25.8700 =/ value=
<value dateTime="2004-12-01T00:00:00">19.5344 =/value=
<fvalues=
</timeSeries >
</timeSeriesResponse =

Notice the hierarchy of datain the XML. Understanding the hierarchy is crucial to navigating
the XML in Matlab. The parse_xml utility convertsan XML string into a Matlab structure, the
contents of which can be accessed through parent/child relationships. For example, in

MODI SExample.xml, the name of the time series variableis stored in the var i abl eNane tag.
Thistag isachild of thevari abl e tag, which isachild of theti neSeri es tag, which isachild
of theti meSeri esResponse tag, which isachild of the XML document itself. In other words,
thevari abl eNane tag isfour levels down. The order of child tagsin the same “generation” is
also important. Thevari abl e tag isthe second child of thet i meSeri es tag. Therefore, the
complete path to the var i abl eNamre tag can be summarized as follows:
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a) Get thefirst child (thereisalwaysonly one) of the XML document. (Thisreturns
ti meSeri esResponse)

b) Get the second child of thiselement. (Thisreturnsti meSeri es)

c) Get the second child of thiselement. (Thisreturnsvari abl e)

d) Get the second child of thiselement. (Thisreturnsvari abl eNane)

Thislogic will be used to retrieve information from the Matlab structure created from this XML
string.

9. Closethe XML file.

10. In the Matlab editor for MODISPlot_xml, enter the following lines of code. This code
callsthe parse_xml function which feeds the XML string to the parser, and returns a
Matlab structure object created from the XML string.

% Parse the XM. string.
st ruct Val ues=par se_xm (xm Val ues) ;

Execute just this code by highlighting it and pressing F9. Examine the structure structValues
that is returned, to see that it contains the complete content of the XML string in a series of
nested structures. For example, if you type:

st ruct Val ues

in the Matlab command window, you will see the following.

Fr structialues

structValues =

child: [1x1l struct]

Thisindicates that the structure returned contains one child that isitself a structure named child.
To drill down further into this structure, the logic of the XML needs to be followed. For
example

struct Val ues. child.child(2).child(2).child(2)

returns the following

>» gtructValues.child.ehildi2) .child(2) .child(2)

ans =

tag: 'VARIAELENAME'
attribs: [1x1l struct]
salue: 'Cloud Optical Thickness Water Phase (Q4L WT)!
child: []
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This displays the VARI ABLENANE tag which is the second child of the element vari abl e, which
isthe second child of the element t i neSer i es which isthe second child of the element
ti meSeri esResponse which isthe only child element in the structure.

11. In the Matlab editor for MODISPlot_xml, enter then execute following lines of code.
The display functions write the name and units for the variable to the Matlab Command
Window.

% Report the nane and units of the chosen variabl e.
di spl ay(structValues.child.child(2).child(2).child(2).value)
di spl ay(structVal ues. child.child(2).child(2).child(3).value)

12. In the Matlab editor for MODISPlot_xml, enter the following lines of code. This code
retrieves the time series records from the structure then loops through all the records and
stores the datetimes and valuesin an array. The datenum function converts the datetimes
to numeric format, which aids in plotting the data.

% Get the <val ue> tags.
Recs=struct Val ues. child.child(2).child(3).child;
[ d1, d2] =si ze( Recs)

% Build arrays of datetinmes and val ues.

for i=1:d2
% Reformat date to that Matlab can understand it.
dateti me=Recs(i).attribs(1).val ue;
year =dateti ne(1:4);
nont h=dat eti ne(6:7);
day=dateti ne(9: 10);
datetime=[nmonth,' /', 6 day,' /"', year];
dn(i)=datenun{datetine); % Convert to nuneric date.
% Read the tinme series val ue.
val ues(i)=str2doubl e(Recs(i).val ue);

end

13. In the Matlab editor for MODISPlot_xml, enter the following lines of code. This code
sets up the axis for plotting, and then plots the data using the Matlab plot function.

% Pl ot the graph.
pl ot (dn, val ues) ; dat et i ck;
grid on % Turn on grid lines for this plot.

14. In the Matlab editor, click the File menu, and then click Save.
15. In the Matlab Command Window, enter the command

MODI SPI ot _xni

After amoment, you' Il see the variable information appear in the Command Window, and then a
graph will appear.
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Y ou can edit the plot, put legend and axes names by going to the Edit menu in Figure 1 plot
shown above.

In this exercise, you have learned how to call web services from within Matlab and plot MODIS
data. This concludesthe exercise.
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7.0 Ingesting NWIS Data using VB.Net
by Thiha Min and Tim Whiteaker

7.1 Introduction

Using web servicesis a breeze with Visual Studio. This chapter demonstrates how to call aweb
service with Visual Studio .Net 2005 and the Visual Basic .Net programming language.

In this exercise, you will create a VB.Net Windows application that uses the NWIS Unit Vaues
web service to compute average streamflow over the past few days at the Colorado River at
Austin, TX. The NWIS Unit Values web service returns real-time data for roughly the past 31
days. These datatypically arerecorded at 15-minute intervals.

7.2 Computer and Skill Requirements

To complete this exercise, your computer must meet the following requirements:
e Working Internet connection
e Visual Studio .Net 2005 software

This exercise assumes that you have some familiarity with the following software environments:
e Visual Studio .Net 2005

7.3 Accessing NWIS Data with a VB.Net Windows Application

In this exercise, you will create a windows application with one main window that allows the
user to click to see what the average streamflow over the past few daysis at the Colorado River
at Austin, TX. The application lets the user specify the number of days for which data should be
retrieved (up to 30 days back). The application then asks the NWIS Unit Values web service for
streamflow values, and then computes the average of the returned values.

7.3.1 Setting up the Project

1. Start Visua Studio 2005 (Click on Start --- All Programs --- Microsoft Visual Studio
2005 --- Microsoft Visua Studio 2005).
2. Click the File menu, then click New Project....

#0 Start Page - Microsoft Visual !

File | Edit Wiew Tools  indow
Qpen 3

|_|—:| Mew Project. .. Chrl+N |

3. Inthe New Project window, set the following properties:
a. Choose Visual Basic --- Windows from Project Types.
b. Select Windows Application from Templates.
c. Type“AustinStreamflow” asthe Name.
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d. Click OK.

New Project

Project bypes: Templates: || El
[=)- Wisual Basic ¥isual Studio installed templates A
windows
(- Srnatt Dewvi
[+~ Smark Device Vg o Vg Vg
Database E i L= JIET] Ee]
Starter Kits Windows  Class Library Cansale Windows  Web Contral
Other Languages Application Application  Conkrol Library Library

Other Project Types

¥ =

Windows  Emplby Project Cryskal
Service Reparts...

My Templates

& project For creating an application with a Windows user interface |

£

Mame: AwstinStreamflow| |

Ok H Cancel l

A new project will open with adefault form called Form1.

7.3.2 Creating the Web Reference

This project will make use of the NWIS Unit Values web service to retrieve streamflow values
from the USGS stream gage on the Colorado River at Austin. The web service becomes
available to the project after making aweb reference to the service.

1. Click the Project menu, then click Add Web Reference...
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2% AustinStreamflow - Microsoft Visual Studio
File Edit Wiew | Project | Buld Debug Data Tools
R W= :=]  Add windows Form,.

ht /m 45 Add User Contral...
g‘ ] Add Component...
g Add Madule. .

add Class. ..

Add Mew Ttem,.,  Crrl+Shift+8

add Existing Item,., Chrl+D

Exchude From Project
21 Show Al Files

add Reference. .,

add \Wweb Reference, .,

2. Inthe Add Web Reference window (next to URL: ), typein the following URL:

http://water.sdsc. edu/ wat er OneFl ow NW S/ Uni t Val ues. asmnk

LIRL: | http: /fveater, sdsc.edufwaterOneFlov MW IS UnitYalues, asmx v| LJ =0

3. Click Go. Visua Studio will navigate to the URL and verify that aweb serviceis
present.
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Add Web Reference Elgl

Mavigate to a web service URL and dlick Add Reference to add all the available services,

0 Back, .ﬂ ﬁ

URL: |http:,l',l'water.sdsc.edu,l'waterOneFIDW,I'NWIS,I’LInitVaIues.asmx v| lj G0

~ | Web services found at this URL:
NWISUnitValues 1 Service Found:
- Unitvalues

Developmental service. This service is internal CUAHSI

use, and evaluation.

NWIS Unit Values
The following operations are supported. For a farmal definition,
please raview the Service Description.

» GetSitelnfo Web reference name:

Given a site number, this method returns the site's
metadata. Send the site code in this format:
'NetworkName:SiteCode'

edu,sdsc.waker |

[ addReference |

* GetSiteInfoObject
Given a site number, this method returns the site's
metadata. Send the site code in this format:
'MetworkName:SiteCode’

s GetSites
Given an array of site numbers, this method returns the site
metadata for each one. Send the array of site codes in this

frarmat 'Netwnrklames: Sitends' v
4 > Cancel

4. Change the Web reference name (from default edu.sdsc.water) to NWISUnitVaues. This
is the name by which you will reference the NWIS web service in your code.

W'eb reference name:

MWISUritYalues |

| Add Reference |

5. Click Add Reference.
The NWIS web service is now available for use within your project.

7.3.3 Building the User Interface

Now that you’ ve set up the project, you'll build the user interface by adding controls to the form.
Later, you'll add the code behind those controls which will perform the work.

1. Right click on Form1 and click Properties.



| B rerm A=)

[Z] Wiew Code

@ Lock Controls

e

Yot Propetties

2. Changethe Text property of the form to “Colorado River Streamflow”. This changesthe
name that appears in thetitle bar of the form.

Properties 3]
Form1 System.windows,Forms,Form -
Hz- | A =
=2 &

ShowInTaskbar True ~

Size 300, 300

SizeGripatyle Auko
StartPosition WindowsDefaulkLoc akion
Tag
Colorado River Streamflow —
TopMost False o
Text

The text associated with the conkral,

3. Add two labels, one combo box, and one button to the form, at roughly the same
positions as shown in the figure below.
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Colorado River Streamflow

Label

Label2?

Buktan

4. Inamanner similar to setting the Text property of the form, set the properties of the
controls as shown below.

Control Property Value

Labell Text This program computes the average streamflow in the
Colorado River at Austin, TX, over the past few days. Specify
the number of daysto include in the computation with the drop
down box below.

AutoSize False
Label2 Text Number of recent daysto include in average:
ComboBox1 | DropDownStyle | DropDownL ist
Buttonl (Name) btnCalculate

Text Calculate Average Streamflow

The form should now look similar to the one below.

56




Colorado River Streamflow ['-_|[E|f'5__<|

Thiz program computes the average streamflow in the
Colorada River at Austing, Ta, aver the pazst few daps.
Specify the number of days to inchude in the
computation with the drop down box below,

Murmber of recent days to include in average:

Calculate &verage Streamflow ‘

Now you will add the choice of 1 to 30 days to the combo box.

5. Click the properties for ComboBox1, and then select the Items property. Click the
ellipsis next to (Collection).

Propetties X
ComboBox1 System. \Windows,Forms, ComboBox -
H=: | A =
z.8

GenerateMemnber True .
ImeMode MoConkral
InkeqralHeight True
ItemHeight 13
B (Colection)
Edit Tkems
Items
The items in the combao bo,

6. Add the numbers 1 through 30 to the String Collection Editor window. This allows the
user to select between 1 and 30 days to include in the computation of average streamflow.
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String Collection Editor

Enter the strings in the collection {one per line):

[ ok, ] [ Cance

7. Click OK to close the String Collection Editor window.

The design of the form is now complete. Next you will add code to make the form perform
useful work.

7.3.4 Writing the Code
First you must set the default value of the drop down box. Let’suse 30 as the default.
1. Doubleclick the form (be sure and not to click on any of the controls that you have added

to theform.) This opens the code editor, and creates stub code that will be run when the
form opens.

- Public Class Forml
Frivate Zuh Forml Load(ByWal sender iz 3ystem.Cbject,

End Sub
End Class

2. Add thefollowing code to the Form1_L oad procedure.

ConboBox1. Sel ect edltem = ConboBox1.|tens. |ten(29)

The result is shown in the screenshot below.

Frivate Zuh Forml Load(ByVWal sender iz 3ystem.Chject,
ComboBoxl.3electedItem = ComboBoxl. Items. Item(2d)
End Sub
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In the code above, you are setting the selected item in the combo box to be the 30" item (which
happens to be the number 30). Indicesin VB.Net begin with zero, not one. So thefirstitemin
the combo box has an index of zero, while the last item has an index of 29 in this case.

3. At thetop of the code editor, click the Forml1.vb [Design] tab.

g Data Tools  Window  Comrunity  Help

= - | 5= [

b Farml.wb [Design]

F Public Class Forml

¥
Iinl

Skart Page “Formil.

i (Formil Events)

= Private Sub Forml Load(ByWVal =se
ComboEBoxl.SelectedItem = Comb
End Zuhk
End Class

This shows the form and the controls that you have placed on it. Thisisaconvenient view for
choosing a specific control to write code for. Now you’ll add code to the button to compute
average streamflow.

4. Double click the Calculate Average Streamflow button to open the code editor and
automatically create stub code for the Click event for that button.
5. Add the following code to the btnCalculate Click procedure.

Set initial paraneters.

' Set the siteCode for our gage of interest.
Dimlocation As String = "NW S: 08158000"
Set the variabl eCode for streanflow.
Dimvariable As String = "NW S: 00060"
Set start and end date.
DimstartDate, endDate As String
DimtnpDate As Date
endDat e For mat (Now, "yyyy- MM dd")
t npDat e Now. AddDays(-1 * ConboBox1. Sel ectedltem + 1)
startDate = Format (tmpDate, "yyyy- MVt dd")

Call the web service.

Dimws As New NW SUni t Val ues. NW SuUni t Val ues

Di mt sResponse As NW SUni t Val ues. Ti neSeri esResponseType

t sResponse = ws. Get Val uesj ect (| ocati on, vari abl e,
startDate, endDate, "")
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Dimvals As NW SuUni t Val ues. TsVal uesSi ngl eVari abl eType
val s = tsResponse.tinmeSeries. val ues
If vals.count = 0 Then
MsgBox (" No val ues returned")
Exit Sub
End If

Dimavg As Double = 0

For i As Integer = 0 To vals.count - 1
avg += val s.val ue(i). Val ue
Next

avg = avg / val s. count
MsgBox (" The average streanflowis " & _
For mat Nunber (avg, 1) & " cfs")

In the code above, you are first preparing the inputs to feed the web service. Thetricky part of
thisis formatting the dates to “yyyy-MM-dd” format (e.g., 2006-12-31), which is what the web
serviceis expecting. Another trick is calculating the start date by adding “ negative’ daysto the
current datein the line:

t npDat e = Now. AddDays(-1 * ConboBox1. Sel ectedltem + 1)

Next you are creating a new instance of the NWIS Unit Values web service, and calling the
GetV auesObject method from the service with the date inputs from the user. This method
returns an Object with the data retrieved from the web service.

Next, with the results from the GetValuesObject call, you are computing the average streamflow
from the values returned, and then showing a message box to report the result.

7.3.5 Runningthe Code
The project is now ready to run.

1. PressF5 on your keyboard to run it.
2. Click the Calculate Average Streamflow button.

After aminute or two, a message box appears showing the average streamflow over the past 30

days. Note that your value may be different than the value in the screenshot below, since this
exercise was created on another day than the current day.
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AustinStreamflow El

The average streamflow is 192.2 cfs

3. Close the form when you are finished.
Y ou have the exercise and have learned how to call aweb service from Visual Studio .Net 2005.

From this point, you could build the solution as an executable file by pressing Ctrl-Shift-B on
your keyboard. See your Visual Studio help for more information about building solutions.
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8.0 Ingesting NWIS Data Using Java
by David Vaentine

In this chapter you will build a Java class that accesses the NWIS Daily Values web service to
obtain daily streamflow values for Big Rock Creek near Vayermo, California, for the year 2001.
The class will output the site code and site name for this location, as read from the web service,
aswell asthe time series of streamflow values.

8.1 Computer and Skill Requirements

To complete this exercise, your computer must meet the following requirements:
e Working Internet connection
e Java SE 5: download from http://java.sun.com/
e NetBeans|IDE 5.5: download from http://www.netbeans.org

This exercise assumes that you have some familiarity with general programming concepts and
Java.

NOTE: The source code for the nwis.java class created in this exercise islocated in Appendix C.
8.2 Procedure

8.2.1 Creating a New Project
First, you will create a new Java project.

1. Start NetBeans IDE.
2. Click the File menu, and then click New Project...

| NetBeans IDE 5.5

&= Edit  Yew MNavigate Source  Refa

TR, new Project. . Chrl+Shift+M

3. Inthe New Project dialog, select General in the Categories pane. In the Projects pane,
select Java Class Library.
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http://java.sun.com/
http://www.netbeans.org/

Steps Choose Project
1. Choose Project Categoties: Projects:
I3 General | | & Java Application
) wWeb gl 124 Class Library
_____ @ Enterprise I @ Java Praoject with Existing Sources
<' - Jawa Praoject with Existing Ant Scripk
Descripkion:

Creates a new J25E library in a standard IDE project. A J25E library b
does nok contain a main class, Standard projects use an IDE-generated
i i ild. o, and debon soor oroieck %

Mext = Zancel Help
J(

4. Click Next.

5. Inthe New Java Class Library dialog, enter “NwisOneFlow” as the Project Name.

6. Enter the path in which you want the project folder to be created in Project Location. The
IDE will create a subfolder at that location called “NwisOneFlow”, which will contain all
files used in the project.

£ | New Java Class Library

Steps Mame and Location

1. Choose Project Project Mame: | MwisOnEFlom |

2. MName and Location
Project Location: |C:'|,tem|:| | [ Browse, ..
Project Folder: | C:\tempiMwisCneFlow |

Einish H Cancel ][ Help

7. Click Finish.

8.2.2 Creating a Web Service Client
With the project set up, you will now create a client for the NWIS web service.

1. Inthe Projects window, right click on NwisOneFlow, point to New, and then click Web
Service Client...
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| NetBeans IDE 5.5 - NwisOneFlow

File Edit Wiew MNavigate Source Refactor Buld Bun CWS  Tools  Window  Help
BB BB« NELBH DD

‘Projects @ x :Files ' Runtime W
= & ”H Y " FilefFolder...

g SOUFCE B i Project Java Class...
TestF

: Clean and Build Project

B2 Librari . ] £ Java Package. ..
&0 TestL Clean Project Java Interface. .,

Generate Javadoc for Project

[ ] JPanel Farm...

j JFrame Form. ..

Eb Entity Class. ..

Eb Entity Classes from Database. ..

-
-

Fun Project
Debug Project
Test Project Alk+F&

Set Main Project

\Web Service Client. ..

2. Inthe New Web Service Client dialog, enter
“http://water.sdsc.edu/wateroneflow/NWIS/DailyVaues.asmxWSDL” as the WSDL
URL.

3. For the Package, enter “ org.cuashi.wof.ws.nwis’

4. For the JAX Version, select JAX-WS.

| New Web Service Client

Steps WSDL and Client Location

1. Choose File Type Specify the W3DL file of the Web Service.

Z.  WsDL and Client Location
() Project; | |
) Local File: | |

(*) WSDL URL: ||I:eru:uneFIuw,l'NWIS,I'DaiI':.f'-.-'aIues.asmx?‘WSDL| [ Set Proxy... ]

Specify a location For the client.

Project: | wisCOneFlow |
Parckage: brg.cuashi.wnf.ws.nwis A" |
14 Yersion: |JF'-><'W5 v |

[ Finish H Cancel H Help

5. Click Finish to compile the web service client class.



8.2.3 Creating a Class to Consume the Web Service

In this section you will create a new java class, wof.nwis, that accesses the web service client
you just created. The class will download atime series of daily streamflow values at Big Rock
Creek near Vayermo, California, for the year 2001. The site code for thislocation is 10263500,
and the variable code for streamflow is00060. Y ou will hard code both of these valuesinto the
class. You will also hard code the time span (the year 2001). In amore robust application, you
would let the user supply these parameters. The class will output the name of the site, its site
code, and the time series of values.

1. Inthe Projects window, right click on the NwisOneFlow project, point to New, and then
click JavaClass...

‘Projects 10 x | :Files ' Runtime WWelcome

|:* File/Folder. ..

@ 4 Build Project i Web Service Client, ..
h.a | Clean and Build Project B 1ava dlass...

2. Inthe New Java Class diaog, enter “nwis’ asthe Class Name, and “wof” as the Package.

Steps Mame and Location

1. Choose File Type Class Mame! | pyic
2. MName and Location

Project: MmisOneFlow
Location: Source Packages A
Package: vif W

Created File: | CikempiwisOneFlowt sechmafinmis, java

Finish H Cancel

3. Click Finish.
Now you will add a“main” procedure, which is the default procedure that will run when the
classisinvoked. It iswithin this procedure that you will eventually add the code to retrieve the
time series values.

4. At the end of the source code for the nwis class, enter the following code.
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public static void main(String[] args)

The screenshot below shows the result.

package wof;

,-"l**

+*

* Mauthor whiteaker
4

public clas=s nwiz |

= S*% Creates a new instance of nwis */
? public mwis() |
'
T public static wvoid main(3tring[] args){

¥

'

Now you will create the code for calling the web service. Fortunately, the IDE can create most
of the code for you.

5. Right click within the code for the main method, point to Web Service Client Resources,
and then click Call Web Service Operation.

T public static wvoid main(3tring[] args){

! Go To ]
Select in r
1 Wb Service Client Resources Call Weh Service Operation

| HE W] N T L]

6. Inthe Select Operations to Invoke dialog, select GetVauesObject, and click OK.

El Select Operation to Invoke

fvvailable Web Services;

- NwisOneFlow
El@ Dailyvalues, asmx
5@ MWISDailyvalues
EE W ateroneFlow
L@ Getvalues
- W -t aluesChject

@ GetSitesxml
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After you click OK, the IDE generates code for calling the GetV aluesObject method from the
NWIS web service. The IDE creates variables (e.g., location) for storing the parameters that will
be sent to the web service, but leaves them empty for you to fill in later. A screenshot from the
code editor is shown below.

public static woid main(3tring[] args){
try { /7 Call Web Service Operation
org.cuashi.wof.ws.nwis . MWISDaily¥alues service =
new org.cuashi.wof.ws.nwis. . HWISDailyYalues () ;
org.cuashi.wof.ws.nwis.WaterOneFlow port =
service.getWaterOneFlovwr() ;
S4 TODO initialize WS operatioh arquments here

jawva. lang. 3tring location = “7;
jawa.lang. String wariahle = "7;
java.lang. String startDate = "";
jawva. lang. 3tring endbate = "'}

java. lang. 3tring authToken = "7}

J4 ToDO process result here
org.cuashi.wof.ws.nwis. TineleriesFesponseType result =
port.getWalueslbject (location, wariable, startDate, endDate, authToken);
Systewm. out.println("Result = "+result);
! catch (Exception ex) !
S5 TODO handle custom exceptions here

H

When executed, the above code creates aweb service, gets an instance, and then calls
GetVauesObject. Now you will hard code the parameters for our site of interest. Remember,
you are hard coding these parameters for this simple example application, but a more robust
application would read these parameters as inputs from the user.

7. Fill in the parameters for calling the web method.

java.lang.String location "NWIS:10263500";
java.lang.String variable "NIWS:00060";
java.lang.String startDate = "2001-01-01";
java.lang.String endDate = "2001-12-31";
java.lang.String authToken = "";

A screenshot from the code editor is shown below.
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public static wvoid main(3tring[] args){
String siteCode = null;
tring siteName = null;

try { // Call Web Serwice Operation
org.cuashi.wof.we.nwis.  IWISDailyValues service =
new org.cuashi.wof.ws.nwis. . HWISDailyWalues()
org.cuashi.wof.was.nwis.MaterOneFlow port =
service.getWaterOneFloxr()
J# TODO initialize W3 operation arguments here
java. lang.3tring location = "NWI3:10Za35007;
java. lang. 3tring wariable = "NIW3:000607;
java. lang.String startbhate = "2001-01-01":
java. lang. String endbate = "2001-12-31";
java. lang. 3tring authToken = "7;
A4 TODO process result here

org.cuashi.wof.was.nwis. TimeSeriesResponseType result =
port.getValuesdbhject (location, wvariable, startDate, endDate, authToken):
Jysten. out.println(“Fesult = "4result):;
} catch (Exception ex] {
A4 TODO handle custom exceptions here

Now you will create variables to store the site code and name as read from the web service.

8. Inthe main procedure, above the try statement, add the following lines of code.

String siteCode
String siteName

null;
null;

A screenshot of the code editor is shown below.

public static wvoid main(3tring[] args){
SGtring siteCode = null;
String siteName = null:;

try { 7/ Call TWeb Zervice Operation

To output the datetimes and values in the time series, you will use a List object.

9. Below the package declaration, add an import statement for the List library.

| inport java.util.List;

A screenshot from the code editor is shown below.
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package wof;

Flimport java.util.List:

? _I,n".\".\'

Y ou will now tell the IDE to output the site code and site name to the Output window of the IDE.

10. At the end of the try statement, replace the line that begins with “ System.out.printin” with
the following lines of code, in order to output the site information:

org.cuashi.wof.ws.nwis.SiteInfoType sit =
(org.cuashi.wof.ws.nwis.SiteInfoType)
result.getTimeSeries () .getSourcelInfo ()

7
7

siteCode = sit.getSiteCode() .get(0) .getValue ()
siteName = sit.getSiteName () ;
System.out.println("siteCode = "+siteCode) ;
System.out.println("siteName = "+siteName) ;

A screenshot from the code editor is shown below.

S TODO process result here
org.cuashi.wof.ws.hwwis. TineSeriesResponseType result =
port.getValueslbject (location, wariable, startDate, endbhate, authToken):;

org.cuashi.wof.ws.nwis. 3iteInfoType sit =

[org.cuashi.wmof.ws. nwis. 3iteInfoType) result.getTimeSeries () .getSourceInfo):
ziteCode = sit.getSiteCode().get (0).getValue();
siteName = sit.getSiteHame () :

Systen. out.println(“siteCode "+ziteCode] ;

Systen. out.println("siteNane = "+zitelName) ;

1 catch [(Exception ex) {
44 TODO handle custom exceptions here

!

Some notes on the above code logic: Y ou are working with objects, so you need to do some type
casting in order to get the correct object. The line below takes a sourcelnfo type and castsit to a
sitelnfo type.

org.cuashi.wof.ws.nwis.SiteInfoType sit =
(org.cuashi.wof.ws.nwis.SiteInfoType)
result.getTimeSeries () .getSourcelInfo() ;

At present, there are two possible sourcelnfo types: sitelnfoType, and dataSetInfoType. If we
were writing a more compl ete generic parser, we would use getClass().getName(), and cast based
on the object type.

Finally, you will add code to output the time series values.

11. Add the flowing code after the last “ System.out.printin” line that you just added.
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System.out.format ("$20s %$10s","DateTime", "Value") ;

System.out .println () ;

List<org.cuashi.wof.ws.nwis.ValueSingleVariable> valuesList =

result.getTimeSeries () .getValues () .getValue () ;

for (org.cuashi.wof.ws.nwis.ValueSingleVariable value : valuesList )

System.out.format ("%$20s %$10.4f",
value.getDateTime () .toString () ,value.getValue()) ;

System.out .println() ;

A screenshot from the code editor is shown below.

Systen. out.println(“siteCode = "+siteCode) ;
Systen. out.println(“sitelane = "+sitellame) ;

Syatenm. out. format (%3202 %1027 ,"DateTime™,"Value™)

Systen. out.println() ;

List<org.cuashi.wof.ws.nwis.ValuelingleWariahle> walueslist =

result.getTimeSeries ) .getValues () .getWValue [ ;

for [(org.cuashi.wof.ws.nwiz.ValueiingleVariable walue @ walueslist | |

Systen. out. format (%203 %10,4L",
value,getDateTime (). toString () ,value.getValue() ) ;

Jysten. out.printlni) ;

}
} catch [(Exception ex) {
A4 TODO handle custom exceptions here

In the above code, we use a List and afor loop, which are features of java 1.5 and above. We
loop through the set of values, and output formatted strings.

When finished, the code for the main method should look as follows. Note that text for long
linesis wrapped.

public static void main(String[] args){
String siteCode = null;
String siteName = null;

try { // Call Wb Service Operation
org. cuashi . wof.ws. nwi s. NW SDai | yVal ues service =
new or g. cuashi . wof . ws. nwi s. NW SDai | yVal ues() ;
or g. cuashi . wof . ws. nwi s. \at er OneFl ow port =
servi ce. get Wat er OneFl ow() ;
/1 TODO initialize W5 operation argunments here
java.lang. String location = "NW S: 10263500";
java.lang. String variable = "N W5 00060";
java.lang. String startbDate = "2001-01-01";
java.lang. String endDate = "2001-12-31";
java.lang. String authToken = "";
/1 TODO process result here
org. cuashi . wof.ws. nwi s. Ti neSeri esResponseType result =
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port. getVal uesChj ect(location, variable, startDate,
endDat e, aut hToken);

org. cuashi . wof.ws. nwi s. SitelnfoType sit =
(org. cuashi.wof.ws. nwi s. Sitel nfoType)
result.getTi meSeries().getSourcelnfo();

siteCode = sit.getSiteCode().get(0).getValue();
siteNane = sit.getSiteNane();
Systemout.println("siteCode = "+siteCode);
Systemout.println("siteNane = "+siteNane);

System out . format ("%0s %0s", "Dat eTi ne", "Val ue");
System out. println();
Li st <or g. cuashi . wof . ws. nwi s. Val ueSi ngl eVari abl e> val uesLi st =
result.getTi meSeries().getVal ues(). getVal ue();
for (org.cuashi.wof.ws.nw s.Val ueSi ngl eVari abl e val ue :
val uesList ) {
System out . format ("%0s %d0. 4f ",
val ue. get Dat eTi me().toString(), val ue. get Val ue());
Systemout.println();

}
} catch (Exception ex) {

/1 TODO handl e custom exceptions here
}

With the code finished, all that is left isto compile and run the file.

12. In the Projects window, right click on nwis.,java and then click Compile File.

: Projects 1 x |:Files : Runtinue
= MwisOneFlow

EI@ Source Packages

=

13. In the Projects window, right click on nwis.,java and then click Run File.

Projects 1l X | :Files : Runtime
EI@ MuwisCOneFlow
=L Source Packages

= wof

@ s java

@ Test Packages Cpen

@ Libraries Compile File Fa
@ Test Libraries Run File ShifE+F&
OO = Wb Cmi M=F
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In amoment, you will see the results of the GetVauesObject call astext in the Output window.

: Output T X
Retriever Qukput * | MwisOneFlow (run-single) =

init: o
deps—-jar:
wsimport—-init:
wsinmport-client-check-DajilyValues. asmu:
wsinmport-client-IailyWalues  asmx:
wsinmport-client-generate:
wsinmport-client-conpile:

conpile-single:

run-single:

ziteCods = 10Z&3500

ziteMam= = BEIG BOCE C MR VALYERMO CA

DateTime Talus

Z001-01-01TO0:00:00 Z.3000

Z001-01-0zTO0:00:00 Z.4000

Z001-01-03TO0:00:00 Z.4000

Z001-01-04TO0:00:00 Z.4000

Z001-01-05TO0:00:00 Z.4000

Z001-01-0&5TO0:00:00 Z.Lkooo

Z001-01-07TO0:00:00 Z.4000

Z001-01-08TO0:00:00 Z.4000

Z001-01-09TO00:00:00 Z.&000 3

FONT =1 = 10T 0= 0 B alaluln!

Congratulations! Y ou have created a Java class which calls the NWIS web service to retrieve
time seriesdata. This concludes the exercise.
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Appendix A: Source Codefor parse xml.m

% Function extracted fromxmtools.mso that it could be called directly

% Davi d Tarboton 3/19/06

% xmtools.moriginally Matlab File Exchange

%

http://ww. mat hwor ks. conf mat | abcentral /fil eexchange/ | oadFi | e. do?0obj ect | d=3074
%

function [z, str] = parse_xm ( str, current_tag, current_value, attribs, idx)

next = 'child';

if nargin < 2
current _tag
current _val ue
attribs
i dx

end

z =[];

eot = O;
whil e ~eot & ~i senpty(udebl ank(debl ank(str)))

f _end
f _beg

strfind(str, '</');
strfind(str, '<');

% Si je n'ai plus de tag dans non docunent
if isempty(f_end) & isenpty(f_beq)

if ~strcnp(l ower(current _tag), '?xm') & ~isenpty(current_tag)
error('xmtools:parse_ xm', '"malformed xm string (current [%])",
current _tag);
el se
fprintf('end parsing at level %\ n',idx);
eot = 1;
return
end
end
%

if isenmpty(f_end)

f _end = length(str)
el se

f _end = f_end(1);
end
if isenpty(f_beg)

f _beg = length(str)
el se

f _beg = f_beg(1);
end

if f_end <= f_beg
% je rencontre une ferneture
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new tag = str((f_end+2):end);
str_t = str(1:f_end-1);
f _end = strfind(new_ tag,'>");
if isenpty(f_end)
error('xmtools:parse_ xm', "malforned xm string : never ending tag

[%s] encountered', current_tag);

end
f _end = f_end(1);

str new tag(f_end+1l:end); %reste
new_t ag new tag(l:f_end-1);
if ~strcnp(upper(new tag), upper(current _tag))
error('xmtools:parse xm', "malformed xm string : [%] not properly
closed (closing [%] encountered)', current_tag, new_tag);
end
% fprintf('%close [%]\n', repmat(' ', 2*(idx-1),1), current_tag);
z.tag = upper(current _tag);
z.attribs = parse_attribs(attribs);
z.val ue = udebl ank(debl ank(sprintf(' % %', current_value, str_t)));
eot = 1;
%
el se

%< je rencontre une ouverture

% je vais appeler le méne code sur ce qu'il y a aprés no
current_value = sprintf('% %', current_value, str(1l:f_beg-1));
new t ag = str(f_beg+l: end);

f end = strfind(new tag,'>'");

if isenpty(f_end)

error('xmtools:parse_ xm', "malforned xm string : never ending tag
encountered');
end
f _end =f _end(1);
str_t = new_tag(f_end+1: end);
new tag = new tag(l:f_end-1);

if (new_tag(end) == '"/")|(new_ tag(end) == "7?")
%< Self closing tag
% Je nmet (tenporairenent!) eot a 1, cela ne pernet de passer quel ques

i gnes

%

% de code tranquil enment
eot = 1;
%
end
%< Attributs
f _beg = strfind(new tag, ' ');

if isenpty(f_beg)
new attribs ="";

if eot
new tag = new tag(1l:end-1);
end
el se
new attribs = new tag(f_beg+1: end);
if eot
new attribs = new attribs(1l:end-1);
end
new_t ag = new_tag(1l:f_beg-1);
end
%
fprintf(' %open [%]\n', repmat(' ', 2*idx,1), new_tag);
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if eot
% | f self-colsing tag
% fprintf('%close [%]\n', repmat(' ', 2*idx,1), new tag);
new attribs = parse_attribs( new attribs);
if isfield(z, next)
nxt = getfield(z, next);
nxt (end+1) = struct( 'tag', new tag, 'attribs', new attribs, 'value'

©h,onext, []);
z = setfield(z, next, nxt);
% . (next)(end+l) = struct( 'tag', new tag, 'attribs', new attribs,
"value', "', next, []);
el se
z = setfield(z, next, struct( 'tag', newtag, 'attribs', new attribs,
"value', "', next, []) );
%.(next) = struct( 'tag', new tag, "attribs', new. attribs, 'value', '",
next, []);
end
str = str_t;
eot = 0;
%
el se

%< Appel du nméne code sur la suite

% et stockage du resultat dans nes children
% Le code net aussi a jour le string courant |str],
% il en enleve la partie correspondant au string que je viens de
trouver.
[t,str] = parse_xm (str_t, newtag, '', new. attribs, 1+idx);
if isfield(t, next)
nx = getfield( t, next);
%x = t.(next);
el se
nx = [];
end
if isfield(z, next)
nxt = getfield(z, next);
nxt (end+1) = struct( 'tag', t.tag, 'attribs', t.attribs, 'value'
t.val ue, next, nx);
y4 = setfield(z, next, nxt);
%. (next)(end+l) = struct( 'tag', t.tag, 'attribs', t.attribs, 'value'
t.val ue, next, nx);
el se
z = setfield(z, next, struct( 'tag', t.tag, "attribs', t.attribs, 'value',
t.val ue, next, nx));
%.(next) = struct( 'tag', t.tag, "attribs', t.attribs, 'value', t.value
next, nx);
end

%
end
end
%
end
%

75



%< Parse attribs
function z = parse_attribs( a)

if isenpty(a)
z = struct( 'nane', "', 'value', '");
return

end

b = tokens(a, ' ');

i =1

for i=1:1ength(b)
if ~isenpty(b{i})
t = tokens(b{i}, '=');
if length(t)==
u=t{2};
if u(l)=="""
u = u(2:end);
end
if u(end)=="""
u = u(l:end-1);
end
z(j)
el se
z(j)
end
o=+
end
end
%

struct( 'nane', upper(a),

%* Ecriture d une structure xm
function z = wite_xm (fid, xm _struct

next = 'child';

if nargin < 3
idx = 0;
end

margin = repmat (' ', 2*idx, 1);

closed tag = 1;

%< Quverture du tag

if isfield(xm _struct, '"tag')
closed_tag = O;
fprintf(fid,
%< Ecriture des attributs
if ~isfield(xm struct, "attribs")

error('xmtools:wite xm', 'malformed MATLAB xm structure

attribs');
end
for i=1l:length(xm _struct.attribs)

struct( 'nanme', upper(t{1}), 'value', u);

"value', '");

i dx)

"U%6<%', margin, xm _struct.tag);

if ~isenpty(xm _struct.attribs(i).nane)

fprintf(fid,
xm _struct.attribs(i).value);
end
end

%>
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%< Cestion des Auto closed tags
%S le tag n'est pas auto ferne, alors |closed tag| est a zéro
if ~isfield(xm _struct, next)

error('xmtools:wite xm', 'malfornmed MATLAB xml structure : tag without
%', next);
end
if ~isfield(xm _struct, 'value')
error('xmtools:wite xm', 'nmalforned MATLAB xml structure : tag without
val ue');
end
if xm _struct.tag(l) =="7

fprintf(fid, '?>\n");
closed tag = 1;
el seif isempty(getfield(xm _struct, next)) & isenmpty(xm _struct.val ue)
%l sei f isenmpty(xm _struct.(next)) & isenpty(xm _struct.val ue)
fprintf(fid, '/>\n");
closed tag = 1;
el se
fprintf(fid, ">\n");
end
%
end
%

%< Ecriture de | a val ue
if isfield(xm struct, 'value')
if ~isenpty(xm _struct.val ue)
fprintf(fid, "%%\n', margin, xm _struct.val ue);
end
end
%>

%< Ecriture des enfants

if ~isfield(xm _struct, next)
error('xmtools:wite xm', 'malfornmed MATLAB xml structure : tag without

%', next);

end

those _children = getfield(xm _struct, next);

% hose_children = xm _struct. (next);

for i=1:1ength(those_children)
wite xm (fid, those_children(i), idx+1);

end

%

%< Ferneture du tag
if ~closed tag
fprintf(fid, '%</%>\n", margin, xm struct.tag);
end
%
%*

%* get childs with a specific tag nane
function z = get_childs(z, next, tag nane);
u = getfield(z, next);

7



zo = [];
for i=1:1ength(u)
v = u(i);
i f strcnp(upper(v.tag),
if isenmpty(zo)
zo. anext = v;
el se
zo. anext (end+1) = v;
end
end
end
if ~isstruct( zo)
if isfield(z, '"tag')
tn = z.tag;
el se
tn =
end
error (' XMLTOOLS: GET- TEG
tag_nane, tn);
end
z = [ zo.anext ];
Y+

'root ?';

%< udebl ank
function s = udebl ank(str)
s = debl ank(str(end:-1:1));
S s(end:-1:1);
if length(s)==
s ="'";
end
%

%< enptystruct
function z =

upper (tag_nane))

"problemin finding tag <%s> under

enpt ystruct (next)

[1, "attribs', [],

next,

[1);

z = struct( "tag', [], 'value',
%

%< Tokens

function | = tokens(str, del)
I={} ;

% Boucl e sur |es tokens.

del = sprintf(del)

whil e ~i senmpty(str)
[tok,str] =
| {end+1}

end

%

= tok ;

strtok(str,del) ;
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Appendix B: Source Code for MODI SPlot_xml.m

% Ilnitialize variabl es.
cl ear val ues
clear dn

% Create cl ass.
wsdl =" http://water.sdsc. edu/ wat er OneFl ow MODI S/ Ser vi ce. asmx?WBDL' ;
creat eCl assFromAsdl (wsdl ),

% This creates an instance of the cl ass.
svsMODI S = MODI S;

% Speci fy input paraneters.

w='-98.2" % West | ongitude.

s="'30" % South |atitude.

e='-97.3 % East |ongitude.

n="30.7" % North l|atitude.

[ ocation=[' GEOM BOX(',w," ',s,",",e, " ", n")"]

% Vari abl e Code 11 = C oud Optical Thickness Water Phase.
vari abl eCode=" MODI S: 11/ pl ot ar ea=| and'

start Dat e=' 2004- 01- 01"

endDat e=' 2004- 12- 01"

% Call the GetValues function to get the tine series data.
xm Val ues=Cet Val ues(svsMODI S, | ocati on, vari abl eCode,
startDate, endDate, ' ')

% Parse the XM string.
st ruct Val ues=par se_xm (xm Val ues) ;

% Report the nane and units of the chosen variable.
di spl ay(structVal ues. child.child(2).child(2).child(2).value)
di spl ay(structVal ues.child.child(2).child(2).child(3).value)

% Cet the <val ue> tags.
Recs=struct Val ues. child.child(2).child(3).child;
[ d1, d2] =si ze( Recs)

% Buil d arrays of datetines and val ues.

for i=1:d2
% Refornmat date to that Matlab can understand it.
dat eti me=Recs(i).attribs(1).val ue;
year =dateti ne(1: 4);
nont h=dat eti ne(6:7);
day=dateti ne(9: 10);
datetime=[nmonth,' /', 6 day,'/',6 year];
dn(i)=datenun{datetine); % Convert to nuneric date.
% Read the tinme series val ue.
val ues(i)=str2doubl e(Recs(i).val ue);

end
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% Pl ot the graph.
pl ot (dn, val ues) ; dateti ck;
grid on % Turn on grid lines for this plot.
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Appendix C: Source Code for nwis.java Class

/*

* nwis.java

*

* Created on Novenber 10, 2006, 1:15 PM

*

* To change this tenplate, choose Tools | Tenpl ate Manager
* and open the tenplate in the editor.

*

/

package wof;

i mport java.util.List;
public class nwis {

/** Creates a new instance of nwis */
public nwi s() {
}

public static void main(String[] args){
String siteCode = null;
String siteName nul | ;

try { // Call Wb Service Operation
org. cuashi . wof.ws. nwi s. NW SDai | yVal ues service =
new or g. cuashi . wof . ws. nwi s. NW SDai | yVal ues() ;
org. cuashi . wof.ws. nwi s. Wat er OneFl ow port =
servi ce. get Wat er OneFl ow() ;
/1 TODO initialize W5 operation argunments here
java.lang. String location = "NWS: 10263500";
java.lang. String variable = "N W: 00060";
java.lang. String startbDate = "2001-01-01";
java.lang. String endDate = "2001-12-31";
java.lang. String authToken = "";
/1 TODO process result here
org. cuashi . wof.ws. nwi s. Ti neSeri esResponseType result =
port. get Val uesChj ect (1 ocation, variable, startDate,
endDat e, aut hToken);

org. cuashi .wof.ws.nwi s. SitelnfoType sit =
(org. cuashi.wof.ws. nwi s. Sitel nfoType)
result.getTi meSeries().getSourcel nfo();
siteCode = sit.getSiteCode().get(0).getValue();
siteNane = sit.getSiteNane();

Systemout.println("siteCode = "+siteCode);
Systemout.println("siteName = "+siteNane);

System out . format ("% 0s %0s", "Dat eTi ne", "Val ue") ;
Systemout.println();
Li st <or g. cuashi . wof . ws. nwi s. Val ueSi ngl eVari abl e> val uesLi st =
result.getTi meSeries().getVal ues().getVal ue();
for (org.cuashi.wof.ws. nw s. Val ueSi ngl eVari abl e val ue :
val uesList ) {
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System out . format ("%0s 9d0. 4f",
val ue. get Dat eTi me() .toString(), val ue. get Val ue());
Systemout.println();

}
} catch (Exception ex) {

/1 TODO handl e custom exceptions here
}
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