Accessing ERDDAP with R

The overall goal of this exercise is to show examples of how one can import data from ERDDAP into R.  

Step 1: Setup working directory 

1. Create a working directory on your c: drive 
2. Copy the directory “Rmodule” from _________ to your working directory 
3. Look inside your directory, it should contain a number of R scripts (“.r”) files and some data files in the marlintags directory
4. Open R by clicking on the “R” icon on your desktop 

Step 2: add netcdf4 library 

1. Select “Package installer” from the “Packages & Data” menu 
2. Click on “Get list”
3. Page down through the package list and select ncdf4
4. Click on “Install selected” 

Step 3: Runs some scripts! 

Xtractomatic 
Available at http://coastwatch.pfel.noaa.gov/xtracto/

The xtractomatic script contains two functions: 

xtracto(xpos=230, ypos=40, tpos='2006-01-15', dtype='sst', xlen=.5, ylen=.5)
which extracts satellite values (and the average and standard deviation) from user-supplied vectors containing longitude (xpos), latitude (ypos) and time (tpos).  

xtracto_3D(xpos=xpos, ypos=ypos, tpos=tpos, dtype=dtype, polyfile=polyfile)
which extract a cube of satellite data within user supplied ranges of time, latitude and longitude.  A polyfile can be optionally supplied which will return only the data within it.

For both routines the desired dataset is specified by the data ID code (dtype), which are listed within the xtractomatic script.  The code can be input as a numbered ID code, or by a text string.  For the xtracto function the final two variables needed for input specify the search “radius”, xrad, and yrad, which define the box (not a circle) around the point that will be searched for all available satellite values.  Xrad and yrad can be input as a single number (in decimal degrees) or as a vector, which can be useful if the uncertainty of an animal’s position is variable within a dataset.  



The get_musyl3 script (named after Mike Musyl, NMFS/PIFSC, who supplied the tagged marlin data) reads in the time and location data from a tagged marlin and calls the xtracto script 4 times to match up the data to 4 different satellite datasets. The script then plots up the data, showing a map of the trackline, and histograms of the data.  

The xtracto code contains a lot of details necessary to get the formatting right for different calls to ERDDAP. You’ll want to look at it to figure out the codes for selecting other datasets. If you find errors in there (which there are bound to be) please let us know so that we can correct it, and get the corrected version online so it is freely available. Note also that not all of the datsets on ERDDAP (there are over 800) are listed in xtractomatic.  

1. Change working directory by using the “Change working directory” option under the “Misc” menu. 
2. Load the xtractomatic script by selecting “Source File” from the “File” menu and selecting “xtractomatic_erddap_v3.2.7.R”.  Alternatively you can type source(xtractomatic_erddap_v3.2.7.R) 
3. Load the controller code, get_musyl3, by selecting “Source File” from the “File” menu and selecting “get_musyl3.R”.  Alternatively you can type source(get_musyl3)
4. It will take some time for the script to run. It will print out progress reports after each successful extraction.  
5. To see the list of variables produced type “ls()” 
6. Type the name of any of them to see their data 

Ideas for additional exploration:
· Change the file selected from marlintags and rerun the program, how does the data change?  
· Pick other datasets to extract data from. 
· How does the histogram of tagged data compare to that of all the satellite data from a bounding box around the trackline?  Hint, use xtracto_3D to do this. 

To extract data within the boundaries of a National Marine sanctuary open the get_sanct3 script. In the directory there are two csv boundary files, one for the Monterey Bay National Marine Sanctuary (mbnms.csv) and one for the Olympic Coast the National Marine Sanctuary (mbnms.csv), you can run the code for either one.  If you want to pick a different dataset than the one in the script look in the xtractomatic_erddap_v3.2.7.R script for the dataset name. Running the script will extract the data and make a quick graph of it. 

The sanctuary boundaries were obtained at:
http://sanctuaries.noaa.gov/library/imast_gis.html
and a text editor was used to strip out all the extraneous text from the kml file to get a simple csv file with just longitudes and latitudes.. 
 
CalCOFI data 

ERDDAP serves a lot more than satellite data, including the CalCOFI dataset, Argos floats, buoy data, underway data from NOAA ships ect. The example “calcofibottlegraph”, written by Andy Leising from SWFSC/ERD, uses one ERDDAP call to access CalCOFI chlorophyll and primary productivity data from 1984 to now and plot it.  This script creates a graph used in the State of the CA Current annual report. So to redo the graph for future years just requires an update in the time part in the url call and the graph will be updated.

To run it simply source the script. The output should look like this: 

[image: ]


Accessing other datasets on ERDDAP

If you look at either the “calcofibottlegraph” or the Xtracomatic” code you’ll see that the data is accessed by a call using a URL: 

From calcofibottlegraph: 
calcofiin2.df<-read.csv(url(paste("http://coastwatch.pfeg.noaa.gov/erddap/tabledap/siocalcofiHydroCasts.csvp?cst_cnt,date,year,month,julian_date,julian_day,rpt_line,rpt_sta,cruz_num,intchl,intc14,time&time>=1984-01-01T00:00:00Z&time<=2014-07-17T05:35:00Z")),header=TRUE)

From Xtractomatic:  

downloadReturn<-geturl(myURL,destfile=fileout,cacheOK=TRUE,mode="wb",quiet=quiet)

To figure out how to contruct the url of whatever data you would like to import into R go to ERDDAP, (http://coastwatch.pfeg.noaa.gov/erddap) select your dataset by clicking on the “data” link to the right of the dataset name. Select the temporal and geographical constraints. If it is a dataset with multiple parameters, choose the ones that you want. Choose .nc as the file type, and then click on the “Just generate URL” button. 

Using the EDC with R

After installing the EDC to work with R, you still need to load the ncfd4 and EDCR libraries (the commands are case sensitive): 

> load(ncd4)
> load(EDCR)   
> satdata <-EDC.get(1) 

The EDC gui will come up and you can chose your dataset and geographical and temporally subset it using the GUI commands.   For more information on this see the “Overview of ERD’s data services” handout. 



I’m confused? Should I use the EDC or the xtracto scripts?  
It depends on what you are trying to do and your comfort level with R coding.  The EDC provides a nice easy interface that allows you to temporal and spatial subset all the datasets on ERDDAP and import them into R.  

Extract data along telemetry data (a file of x-y-t points): use the xtracto scripts 
The xtractomatic script originated as a way to allow people an easy way to match up satellite data with telemetry data.  If this is what you are trying to do you should use the xtractomatic scripts. While the EDC now has an “import track” feature” it brings the data into R as a separate lists for each point, and so its not as easy to use as the xtracto scripts which brings the data into R in a consolidated dataframe.    

Extract data within a complicated boundary: use the xtracto scripts 

Non-satellite data: use the EDC 
There are over 800 datasets on ERDDAP, the xtractomatic script is coded to read about 100 of them.  To access the other 700 or so datasets either use the EDC or use ERDDAP to figure out the url calls to code the data calls in R (look at calcofibottlegraph for an example of how to do this).  


But it’s not working for me!! – I get an error like: 

Error in download.file(myURL, destfile = fileout, cacheOK = TRUE, mode = "wb",  : 
  cannot open URL 'http://coastwatch.pfeg.noaa.gov/erddap/griddap/erdSWchla8day.nc?chlorophyll[(2003-08-09):1:(2003-08-09)][(0):1:(0)][(19.389940115):1:(20.826059885)][(237.25143725):1:(237.48656275)]'
In addition: Warning message:
In download.file(myURL, destfile = fileout, cacheOK = TRUE, mode = "wb",  :
  cannot open: HTTP status was '0 (null)'

[bookmark: _GoBack]This error comes up frequently when they are difficulties connecting to the server.  Unfortunately our server speed has decreased dramatically since we were forced out of our Pacific Grove facility in July and into the Santa Cruz lab. Be patient and try running the code again, and consider running it outside of west coast working hours.  Sometimes the command has to be sent several times before a connection is made.  The xtracto function has been coded to try multiple times before giving up.  It’s also possible there might be an error in the url code. To confirm that the code is valid copy the url, everything between the single quotes, and paste it into a web browser.  If it works it will download a .nc file into your download directory.   
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