HIS Demo Steps
Introduction

Methods for programmatically acquiring observations data from WaterOneFlow web services are new.  Therefore, CUAHSI HIS has developed several applications that provide a user-friendly interface for accessing WaterOneFlow.  These applications are written for many of the software packages commonly used by hydrologists, including web browsers, Excel, ArcGIS, and MATLAB.   These demo's introduce a few of these applications.  
Links:

All HIS components
http://his.cuahsi.org/components.html
HydroSeek
HydroSeek is a data discovery tool that provides integrated federated search capability across multiple data sources (universities and federal agencies) that have WaterOneFlow web services through a single interface. It combines spatial, temporal and thematic aspects of search in order to make it possible to more effectively discover data despite heterogeneity issues among data repositories. It allows data discovery using keywords from an ontology which maps variables as defined by each data source to higher level searchable concepts.  In short, HydroSeek is designed to provide a one-stop search center in which a user can query for specific data groups across a large data inventory regardless of the storage and description conventions used by the respective warehouses.
Links:

HydroSeek

http://his.cuahsi.org/hydroseek.html
Procedure:

In this demo, the user queries for turbidity data in the Great Basin Region with Hydroseek.  The user demonstrates intellisense-style variable searches, and the identification of specific instances of a variable across observation networks.

1. Open a web browser.
2. Navigate to http://www.hydroseek.net/search/. 
3. For keyword, type Turbidity.

4. Change watershed to Great Basin Region.
5. Press ENTER.
6. Show variables on the right.
7. Hover mouse and see details.
8. Add data to cart.
9. Change the keyword to Streamflow, and press ENTER.

10. Add a couple sites to the cart.

11. Show data cart.
12. Download cart.

HydroExcel

HydroExcel is an Excel spreadsheet programmed with macros and HydroObjects so that it can communicate with WaterOneFlow web services.  To give the audience an idea of how web services can be used, the presenter will download data from web services using HydroExcel.

Links:

HydroObjects

http://his.cuahsi.org/hydroobjects.html
HydroExcel

http://his.cuahsi.org/hydroexcel.html
Procedure:
In the demo, the user downloads site, variable, and time series data for a few academic observation networks.  Google Earth capability is also demonstrated.
1. Open HydroExcel. Briefly show that Introduction worksheet gives instructions.

2. Switch to Data Source worksheet.  Show that national and academic investigator data sources are provided.  

3. Click Get Capabilities.  

4. Click Open Web Service Page.

5. Click the page for more information.

6. Click Get Variables.

7. Switch to Sites worksheet.  Set show sited in Google Earth after download to TRUE.  Click Get Sites to get sites for the Little Bear River. 

8. Click around Google Earth.  Show simple site information for each placemark.

9. Turn off network in Google Earth.

10. Switch to Site Info worksheet.  Use LittleBearRiver:USU-LBR-Mendon.  Click Get Site Info.

11. Switch to Site Catalog worksheet.  

12. Set to get site list from worksheet, and to show result in Google Earth.

13. Click Get Site Catalog.

14. Make sure Excel is active, and show site catalog.

15. Switch to Google Earth, and show extended site information for placemarks.

16. Show sites by Temperature variable.  Show timing of network buildout with time simulation.

17. Switch to Site Summary worksheet.  Filter sites by Temperature.  Show that USU-LBR-Mendon has lots of Temperature data.

18. Switch to Time Series worksheet.  Click Get Values for USU-LBR-Mendon.

19. Switch to Statistics and Charts worksheet.  Show chart with Hour of Day.  Switch back to DateTime.

20. Switch to Data Source worksheet.  Change source to COTCsnow.

21. Click Get Sites.

22. Switch to Data Source worksheet.  Change source to CC Bay.

23. Click Get Sites.

24. Switch to Data Source worksheet.  Change source to NWIS Unit Values.

25. Switch to Time Series worksheet.  Set parameters as:
nwis:08158000
nwis:00060
7/1/2008
7/17/2008

26. Click Get Values.  

27. Switch to Statistics and Charts worksheet.  Show chart with DateTime and Hour of Day.
HydroGet
CUAHSI’s HydroGET (Hydrologic GIS Extraction Tool) is a versatile tool that gives ArcGIS users the ability to ingest web service data into ArcGIS.  HydroGET stores the downloaded data using the time series format used in the ArcHydro data model.  HydroGET can work with any web service as long as the web service complies with the CUAHSI WaterML protocol.
Links:

HydroGet

http://his.cuahsi.org/hydroget.html 
Procedure:

1. Open MySelectSchema.xls and examine input information (Much of this can be populated from HydroExcel).

2. Open ArcMap.
3. Add lbrwatershed.shp file.  

4. Add MySelectSchema.xls.

5. Display XY data.  Use North American Datum 1983 projection

6. Export data to lbrpoints.shp using projection of data frame

7. Edit out blank records in lbrpoints.shp

8. Click on HydroGet

9. Set path to HydroGet.mdb

10. Click Custom, multiple points, 9999

11. Check columns.  Click OK.  Wait for processing.

12. Add time series table from HydroGet.mdb

13. Identify Hydro ID of point of interest

14. Analysis tools | Extract | Table Select.  

15. Tool Graphs Create … to create and plot graph

The real benefit of this tool is to be able to download multiple variables and multiple sites at once.

How to Analyze data from web services in MATLAB

MATLAB users can take advantage of web service methods by using the built in function createClassFromWsdl.  This function creates a MATLAB class based on a WSDL.  The URL to the WSDL is provided to the function when the function is called.  This function then creates a MATLAB class that can be used to access web services from MATLAB.  
Links:

HIS Workshop at CUAHSI meeting that contains presentation on using MATLAB to access web services

http://his.cuahsi.org/workshop-cuahsi08.html 

Tutorial that demonstrates how to call a CUASHI HIS Water Data web service from MATLAB, parse the result, and plot a time series graph.  
http://his.cuahsi.org/documents/workshop-cuahsi08/MatlabTutorial.pdf
Tutorial code

http://his.cuahsi.org/documents/workshop-cuahsi08/Reynolds.m 

Web services workbook with Matlab material

http://his.cuahsi.org/documents/HISDoc5_UseWebServices.pdf 

Create Class and Get Sites

In the steps below you may enter the code shown or copy the code from the tutorial code or Appendix A of the MatlabTutorial document above.
1. Open MATLAB and set the current directory to the location where you wish to perform the work.

2. Open a matlab file to record your work (e.g. Reynolds.m), or use the existing file.  The File -> Open or File -> New commands do this. 
3. In the MATLAB editor, enter the following lines of code.  Highlight this code and press F9 to execute the code.  This code creates an instance of the MODIS class from the WSDL.

% create NWIS Class and an instance of the class
createClassFromWsdl('http://idahowaters.uidaho.edu/RCEW_ODWS/cuahsi_1_0.asmx?WSDL');
WS = WaterOneFlow;
This creates an instance of the class named WaterOneFlow, then assigns it to the variable WS.  The URL above is a URL of one of the CUAHSI Water Data web services, in this case the web service for Reynolds Creek Experimental Watershed.
4. In the MATLAB editor, enter and execute the following lines of code.  This code to run the GetSites function.  The first argument specifies the web service.  The second object is to specify which sites to "get".  By leaving this blank, all sites are retrieved.  The third argument is an authentication token, not used at present, so it is left blank.

% Get all the sites
sites=GetSites(WS,'','');
The GetSites function returns an object that is directly readable in MATLAB.  The following lines expose some of the content of the sites object that is returned.  
% Look at information about the first site
sites.site(1,1).siteInfo.geoLocation.geogLocation.latitude
sites.site(1,1).siteInfo.geoLocation.geogLocation.longitude
sites.site(1,1).siteInfo.siteName
nsites=length(sites.site)
The return from these lines is:

ans =43.2949782665

ans =-116.827040735

ans =Station 012x29

nsites =    85
These indicate the latitude, longitude and sitename of the first of these sites, together with the number of sites

5. In the MATLAB editor, enter and execute the following lines of code.  

% plot the site locations
for is=1:nsites
lat(is)=str2num(sites.site(is,1).siteInfo.geoLocation.geogLocation.latitude);
lon(is)=str2num(sites.site(is,1).siteInfo.geoLocation.geogLocation.longitude);
snames{is}=sites.site(is,1).siteInfo.siteName;
end
plot(lon,lat,'.')
This plots a point at the latitude and longitude of each site.  

Get Site Information

6. In the MATLAB editor, enter and execute the following lines of code.  

% Get detailed information for Site of Interest
scode=sites.site(2,1).siteInfo.siteCode
siteid=strcat('RCEW:',scode)
strSite=GetSiteInfoObject(WS,siteid,'');
This calls the GetSiteInfo function (object version) for a specific site, the second site on the list.  The calling argument "siteid" is the siteCode from the sites object.

In the MATLAB editor, enter and execute the following lines of code to look at the strSite object that was returned.  

% Look at what was returned
seriesAtSite=strSite.site.seriesCatalog
seriesAtSite.series(1).variable.variableName
seriesAtSite.series(1).variable.variableCode
seriesAtSite.series(1).variable.units
seriesAtSite.series(1).variableTimeInterval.beginDateTime
seriesAtSite.series(1).variableTimeInterval.endDateTime
seriesAtSite.series(1).valueCount
The return from these lines is

ans =Precipitation breakpoint

ans =V002

ans =millimeter

ans =1962-01-06T01:00:00

ans =1976-12-23T12:31:00

ans =6276

This shows series catalog information for the first series from the catalog for the site that was just retrieved.

7. In the MATLAB editor, enter and execute the following lines of code 
% Get this information for all series and all sites
ns=0
clear varName varUnits beginDt endDt varCode siteNames siteCodes valCounts
for isite=1:nsites
    scode=sites.site(isite,1).siteInfo.siteCode;
    siteid=strcat('RCEW:',scode);
    strSite=GetSiteInfoObject(WS,siteid,'');
    seriesAtSite=strSite.site.seriesCatalog;
    nsc=length(seriesAtSite);  % Number of series at the site
    for is=1:nsc
        nseries=length(seriesAtSite(is).series);
        for iss=1:nseries
            ns=ns+1
            % Variable name, units, begin and end date and time
            siteNames{ns,1}=strSite.site.siteInfo.siteName;
            siteCodes{ns,1}=strSite.site.siteInfo.siteCode;
varName{ns,1}=seriesAtSite(is).series(iss).variable.variableName;
varCode{ns,1}=seriesAtSite(is).series(iss).variable.variableCode;
            varUnits{ns,1}=seriesAtSite(is).series(iss).variable.units;
beginDt{ns,1}=seriesAtSite(is).series(iss).variableTimeInterval.beginDateTime;
endDt{ns,1}=seriesAtSite(is).series(iss).variableTimeInterval.endDateTime;
            valCounts{ns,1}=seriesAtSite.series(1).valueCount;
        end
    end
end
table=[siteNames siteCodes varName varCode varUnits beginDt endDt valCounts];
This loops over all sites, calling GetSiteInfo for each and building up a table of the catalog information.  Following are excerpts from this table.

[image: image1.emf]'Station 012x29' 'S001' 'Precipitation breakpoint' 'V002' 'millimeter' '1962-01-06T05:22:00' '1976-12-23T12:34:00' '8758'

'Station 012x29' 'S001' 'Precipitation hourly' 'V001' 'millimeter' '1962-01-06T06:00:00' '1976-12-23T12:00:00' '8758'

'Station 015x95' 'S002' 'Precipitation breakpoint' 'V002' 'millimeter' '1962-01-06T01:00:00' '1976-12-23T12:31:00' '6276'

'Station 015x95' 'S002' 'Precipitation hourly' 'V001' 'millimeter' '1962-01-06T02:00:00' '1976-12-23T12:00:00' '6276'


…

[image: image2.emf]'Station 045x04' 'S010' 'Precipitation hourly' 'V001' 'millimeter' '1965-01-03T12:00:00' '1975-12-31T10:00:00' '4814'

'Station 046x17' 'S011' 'Streamflow breakpoint' 'V004' 'cubic meters per second' '1964-01-29T00:00:00' '1996-10-01T00:00:00' '149213'

'Station 046x17' 'S011' 'Streamflow hourly' 'V003' 'cubic meters per second' '1964-01-29T01:00:00' '1996-10-01T00:00:00' '149213'


Get Values

8. In the MATLAB editor, enter and execute the following lines of code 
% GetValues to get the data
series=24  % This is the series in the table above
%begindate=beginDt(series)  
begindate='1994-10-01T00:00:00'
enddate=endDt(series)
variable=strcat('RCEW:',varCode(series))
site=strcat('RCEW:',siteCodes(series))
valuesxml=GetValues(WS,site,variable,begindate,enddate,'');
This specifies parameters for one specific series and calls the GetValues function for this specific series, in this case the 24th series returned in the table built up earlier.

In the MATLAB editor, enter and execute the following lines of code 
fid=fopen('temp.xml','w+')
n=fprintf(fid,'%s',valuesxml)
fclose(fid)
This writes the XML getvalues return to a file that can be examined in a browser.  The following is an excerpt from this file

[image: image3.png]- <timeSeriesResponse xmins:gmi="http:/ /www.opengis.net/gml"
xmins:xlink="http:/ /www.w3.0rg/ 1999/xlink"
xmins:xsd="http://www.w3.0rg/2001/XMLSchema"

xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xmin

wtr="http://www.cuahsi.org/waterML/"
xmins="http:/ /www.cuahsi.org/waterML/1.0/">
+ <querylnfo>
- <timeSeries>

+ <sourcelnfo xsi:type="SiteInfoType">

+ <variable>

- <values unitsAbbreviation="m3/s" unitsCode="36" unitsType="Flow" count="17545">
<value censorCode="nc" dateTime="1994-10-01T00:00:00"

qualityControlLevel="Raw data” methodID="19" sourcelD="1">0</value>
<value censorCode="nc" dateTime="1994-10-01T01:00:00"

qualityControlLevel="Raw data” methodID="19" sourcelD="1">0</value>
<value censorCode="nc" dateTime="1994-10-01T02:00:00"

qualityControlLevel="Raw data" methodID="19" sourcelD="1">0</value>





9. In the MATLAB editor, enter and execute the following lines of code
% Parse the XML into a Matlab object to work with.  
% This is a function from Geodise XML toolbox 
% http://www.geodise.org/toolboxes/generic/xml_toolbox.htm 
valuesobj=xml_parseany(valuesxml);
This runs the function xml_parseany from the Geodise XML toolbox to create a matlab object from the XML returned by the GetValues function.  This was needed here, because the object versions of the HIS web data service functions do not expose the attributes that include dateTime information.  

10. In the MATLAB editor, enter and execute the following lines of code
% Then plot the data
nvalues=str2num(valuesobj.timeSeries{1,1}.values{1,1}.ATTRIBUTE.count)
for i=1:nvalues
datetime=valuesobj.timeSeries{1,1}.values{1,1}.value{1,i}.ATTRIBUTE.dateTime;
year=str2num(datetime(1:4));
month=str2num(datetime(6:7));
day=str2num(datetime(9:10));
hr=str2num(datetime(12:13));
min=str2num(datetime(15:16));
sec=str2num(datetime(18:19));
date(i)=datenum(year,month,day,hr,min,sec);
flowval(i)=str2num(valuesobj.timeSeries{1,1}.values{1,1}.value{1,i}.CONTENT);
end
plot(date,flowval);datetick;
% Label the plot with metadata from the returned object
ylabel(valuesobj.timeSeries{1,1}.values{1,1}.ATTRIBUTE.unitsAbbreviation)
title([valuesobj.timeSeries{1,1}.variable{1,1}.variableName{1,1}.CONTENT ' at ' ...
    valuesobj.timeSeries{1,1}.sourceInfo{1,1}.siteName{1,1}.CONTENT])
This extracts the date time information from the GetValues response and formats it into a MATLAB datetime object, so that the data can be plotted.  The following plot results.  Note that the Y axis label and title are extracted from information in the GetValues response.
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