Data System for Ship Survey Results

We have developed a web-accessible data sharing system (http://lisicos.uconn.edu/dep_portal.php) to provide open access to the data acquired by the Connecticut Department of Energy and Environmental Protection (CTDEEP) ship surveys. The survey plan was first described by Kaputa and Olson (), and the data was used extensively by O’Donnell et al. (2014) to describe the seasonal variability of salinity, temperature and dissolved oxygen concertation (DO) in Long Island Sound. The system has been updated several times to add graphing functionality and provide more convenient data selection options. This system has been maintained and operated throughout the project period and remains active. The CT DEEP staff maintain a database of measurements and send the updated file to UConn each year where it is integrated to the LISICOS data system through an automated ingestion process. The data distribution system is built around an SQL database and user data requests are created in PHP by selecting buttons displayed on the user’s web browser. There are two main functions: (a) downloading data, and (b) graphing data.

(a) Downloading Data
The data distribution site can also be accessed from http://lisicos.uconn.edu. The landing page provides options for a variety of data sources. To access the DEEP data the user must move the pointer to “Historical Data” and click on the tab indicated by the red 1 in Figure 1. This brings up a new page and the user must then click on the “Select by data type” tab identified in Figure 1 by the number 2. A pull-down menu of options then appears and the user the then should select “Water quality CTD profiles”. The CT DEEP data portal page, see Figure 2, is then displayed. This can also be accessed directly with the web link http://lisicos.uconn.edu/dep_portal.php. 

There are four optional approaches to downloading data: 

1. all measurements of a parameter during a single cruise (1 to 2 days) at a station,
2. all measurements of a parameter at a single station for all cruises.
3. all measured parameters at a station, for all cruises, or
4. all parameters measured on a single cruise.

1. Single Parameter for at a Station and Cruise 
The button highlighted by the red rectangle and labeled 1 in Figure 2 must be selected to download all values of a parameter for a single cruise. The buttons in in box 2 specify whether the data from the profiling instruments (CTD) or discrete samples (Nutrient Data) are required.  
The pull-down menu indicate by box 3 in Figure 2 then allows selection of the cruise. The date range of the data is then immediately displayed above the selection box. The Station is specified in the pull-down menu highlighted by box 4 in Figure 2. (Note that a map of all the station locations can be generated by clicking the pointing device on the “View Stations” link to the right of box 1.) The parameter required is selected in the menu labeled 5. The options are different depending on the choice in box 2. Finally, the request is generated and executed by clicking the pointing device on the “Download CSV” box labeled 6. This causes an ASCII format, comma delimited, data file with time, depth and parameter value to be generated and transferred to the user’s web browser. Whether the file is just displayed or saved on disk depends on the configuration of the browser

2. Single Parameter at all Stations on a Cruise
To download all the data a station the button indicated in box 1 of Figure 3 must be selected.  This changes the options at the bottom of the page. The station required is selected in the pull-down menu in box 2 and the parameter is selected in box 3. The level of the data is set in box 4 and the data request generated by the button in box 5.  

3. All parameters at a station, for all cruises
If a larger data set is required it is more convenient to select the Download Entire Data Sets
option at the bottom of the http://lisicos.uconn.edu/dep_portal.php page. This is highlighted and labeled 1 in Figure 4. This opens a new web page with options to select the data type (CTD or nutrients) in box 2. To down load data from a particular station the button on the right of box 3 in
Figure 4 must be selected. The station selection pull-down menu then allows the identification of the station required. The latitude and longitude of the station is then displayed and all that remains to be done is to issue the data request by selecting the download button. An ASCII file with comma delimited data is generated and deliver to the browser.

4. All parameters measured on a single cruise.
To request all the data from a particular cruise then By Cruise button on the http://lisicos.uconn.edu/dep_portal.php page (on the left of box 3 in Figure 4) must be selected. This provides a pull-down menu for all the cruises (to December 2016). 

 (b) Machine to Machine Data Transfer

Thought the data system was designed to provide data through the webpage interface, it can also be made to respond to automated requests from a user’s computer using a programming language to generate and send URL requests.  For example, to request all the CTD (profiling instrument) data acquired on a particular cruise to the local computer, a URL of the format
 
http://lisicos.uconn.edu/get_ctd_data.php?type=cruise&cr=XXXXXXX&data=ctd

where XXXXXXX is the label for the cruise (e.g. WQDEC16). Note that this command could be typed, or copied, to a browser and the data system would respond by delivering a data file. Alternatively, it could be executed from a program, or command script, that sequentially substitutes the XXXXXXX place holder with the names of all the cruises required. For example, the text in Table 1 is a Matlab© program that uses the command “websave” to write copy data from a URL to a local file. In the example two cruise names are provided, WQNOV16 and WQDEC16,  and the program creates two  local files WQNOV16.txt and WQDEC16.txt. These are in the same format as the files created using a web browser. Of course this approach can be generalized to download more cruises. Table 2 shows an analogous program to download all the data from a single station.

	
 Table 1. A Matlab© program to download CTDEEP cruise data automatically.
% DemoCTDEEPdataDownload.m 
%
% Download some CTDEEP data from the LISICOS system
%
%  JOD, Nov 2017
%
af={'WQNOV16','WQDEC16'}              % -define the cruises required.

% - define the prototype URL and then
% - locate the location where cruise name goes
url0='http://lisicos.uconn.edu/get_ctd_data.php?type=cruise&cr=XXXXXXX&data=ctd';
ixx=findstr('XXXXXXX',url0);
 
% set the timeout to accomadate the data server reponse 
wopts = weboptions; wopts = weboptions('timeout',20);
 
% - loop through the list and make web requests 
for nf=1:length(af)
   url1=[url0(1:ixx-1) af{nf} url0(ixx+7:end) ]; % generate URL
   afdt=[af{nf} '.txt']                          % generate local filename
   websave(afdt,url1,wopts);                     % download data
end





	Table 2. A Matlab© program to download CTDEEP station data automatically.
%
% Download CTDEEP data for a station from the LISICOS system
%
%  JOD, Nov 2017
% 
% define the basic URL and locate the info locations
url0='http://lisicos.uconn.edu/get_ctd_data.php?type=XXXXXXX&st=YY&data=ZZZ'
ixx= findstr('XXXXXXX',url0);
ist= findstr('YY',url0) ;
idt= findstr('ZZZ',url0);

% set the timeout to accomadate the data server reponse 
wopts = weboptions; wopts = weboptions('timeout',20);

% define 'nutrient' or 'ctd' data required
az='nutrient';
% define the stations required
ast={'A4', 'B3'}

% - loop through the list and make web requests 
for nf=1:length(ast)
   url1=[url0(1:ixx-1) 'station' url0(ixx+7:ist-1)...
         ast{nf} url0(ist+2:idt-1) az  ];         % generate URL
   afdt=['CTDEEP' ast{nf} '.txt']                 % generate filename
   websave(afdt,url1,wopts);                      % download data
end



The data files downloaded from the data server are all ASCII format. The first line lists the properties in the various columns and the subsequent rows have data from a particular, station, level and cruise. They are most conveniently viewed in a spreadsheet like Microsoft© Excel. However, we have developed programs in Matlab© to parse the data files and create helpful graphics. Table 3 provides an example program (ReadCTDEEP_Hyd_stationFile.m) that reads the files created when the data at a single station are requested. It returns a structure with the various parameters in separate fields. Table 4 presents and analogous program (ReadCTDEEP_Nut_stationFile.m) that parses the file returned when nutrient data is requested. These programs can be exploited to investigate long term trends in the observations. Other programming languages (e.g. R, Python) can be used as well and the code in Tables 1-4 is mainly intended to demonstrate the construction of the URL requests to the data system. 



	
Table 3. A Matlab© program to parse CTDEEP CTD data files.

%%   function d=ReadCTDEEP_Hyd_stationFile(af)
%%
%%  Read the CTD data file from the LISICOS data server
%%  exported in CSV format. 
%%
%%  JOD  
%%  Dec 2017

function d=ReadCTDEEP_Hyd_stationFile(af)
%
%%%   Variables loaded
% 1   Cruise Name,  % 2   Station Name, %3   depthx10,     %4  depth code,
% 5   depth,        % 6   pressure,     %7   conductitity  %8  temperature,
% 9   ox temp,      % 10   PAR,         %11  flu,          %12 corrected flu.
% 13   ph,          % 14   salinity,    % 15   ox mg/l,    %16 winkler,
% 17   corrected oxygen, % 18   100% saturation, % 19   % saturation,
% 20   density,     % 21   descent rate,% 22   scans/bin, % 23   scan number, % 24   Latitude,    % 25   Longitude,   % 26   Start Date,% 27   End Date,    % 28   Time On Stn  % 29   Time Off Stn % 30   Date on Station,  
% 31   Secchi Depth 
 
% Define Format and read file.
fmt='%s%s%f%s%f%f%f%f%f%f %f%f%f%f%f%f%f%f%f%f %f%f%f%f%f%s%s%s%s%s %f';
fid = fopen(af);
C = textscan(fid, fmt,'delimiter', ',' ,'headerlines',1);
fclose(fid)
ndata=length(C{26}); d.StartDate(ndata)=NaN;
for nt=ndata:-1:1
      StartDate(nt) = datenum(C{26}{nt}([1:12] ),'mmm dd yyyy' );  
end

for nt=ndata:-1:1
                                          % fill missing values   
   if isempty(C{28}{nt}); C{28}{nt}='12:00:00 AM'; end
   if isempty(C{29}{nt}); C{29}{nt}='12:00:00 AM'; end   
   TimeOnStn(nt) = datenum(C{28}{nt},'HH:MM:SS PM') - datenum(2017,1,1);
end
d.daten   =StartDate+TimeOnStn;

d.lat=[C{24}(:)]; d.lon=[C{25}(:)];
d.CruiseName   =[C{1}(:)];d.StationName  =[C{2}(:)];
d.depth        =[C{5}(:)];d.cond         =[C{7}(:)];
d.temp         =[C{8}(:)];d.par          =[C{10}(:)];
d.flu          =[C{11}(:)];d.Corr_flu     =[C{12}(:)];
d.pH           =[C{13}(:)];d.Sal          =[C{14}(:)];
d.OxMgl        =[C{15}(:)];d.OxWnkMgl     =[C{16}(:)];
d.OxCorMgl     =[C{17}(:)];d.OxPrecSat    =[C{18}(:)];
d.OxSatMgl     =[C{19}(:)];d.sigmaT       =[C{20}(:)];
d.decentRt     =[C{21}(:)];d.ScnsPerBin   =[C{22}(:)];
d.ScnNum       =[C{23}(:)];d.LatDeg       =[C{24}(:)];
d.LonDeg       =[C{25}(:)];d.secchi=[C{31}(:)];


 
	
Table 4. A Matlab© program to parse CTDEEP NUTRIENT data files. 
  
%  ReadCTDEEP_Nut_stationFile.m 
%
%  Read the data file exported from the LISICOS server
%  with the DEEP nutrient survey data.
%
%  Jim O'Donnell
%  Dec 2017
 
function dnut=ReadCTDEEP_Nut_stationFile(af);
%
% 
[bookmark: _GoBack]% 1  Cruise Name,   % 2  Lab ID,        %3  Station Name,% 4  depth code,
% 5  detection limit% 6  dilution fac   %7  PQL,         % 8  Parameter,
% 9  Result,        % 10  non-detect,   %11  Units,      % 13  Month,
% 14  Latitude,     % 15  Longitude,    %16  Time On Stn,% 17  Time Off Stn,
% 18  Date on Stn,  % 19  Start Date,   %20  End Date,
% 22  B Sample Dep, % 23  M Sample Dep  %24  S Sample Dep% 25  NB Sample Dep
 
fmt= '%s%s%s%s%f %f%f%s%f%f %s%s%s%s%s %s%s%s%s%s %f%f%f%f%f %s '; 
 
fid = fopen(af);
C = textscan(fid, fmt, 'delimiter', ',' ,'headerlines',1);
fclose(fid)
ndata=length(C{1});
StartDate=C{19};
for nt=ndata:-1:1
   if isempty(C{16}{nt}); C{16}{nt}='12:00:00 AM'; end
   if isempty(C{17}{nt}); C{16}{nt}='12:00:00 AM'; end
   StDate(nt)    = datenum([StartDate{nt}(1:12)],'mmm dd yyyy'); 
   TimeOnStn(nt) = datenum(C{16}{nt},'HH:MM:SS PM')-datenum(2017,1,1);
end
% There is inconsistencey the time reported for these stations
% Since the data is generally once a month, use an 
% imprecise time rather than missing data.
% Use time on station if available otherwise 12AM
 
d.daten   =StDate+TimeOnStn;
d.lat=[C{24}(:)]; d.lon=[C{25}(:)];
d.CruiseName   =[C{1}(:)]; d.LabID        =[C{2}(:)];
d.StationName  =[C{3}(:)]; d.DepthCode    =[C{4}(:)];
d.DetThres     =[C{5}(:)]; d.PQL          =[C{7}(:)];
d.Parameter    =[C{8}(:)]; d.Result       =[C{9}(:)];
d.NonDetCode   =[C{10}(:)];d.Units        =[C{11}(:)];
d.Month        =[C{13}(:)];d.LatDeg       =[C{14}(:)];
d.LonDeg       =[C{15}(:)];
d.BotSampleDepth       =[C{20}(:)];
d.MidSampleDepth       =[C{21}(:)];
d.SurfSampleDepth      =[C{22}(:)];
d.NrBotsampleDepth     =[C{23}(:)];
 
%  Sort the parameters to indentify the values.
%  The data base doesn't sort the various parameters. They
%  are labeled in the d.Parameter cell. 
%  Create the field for each of the parameters and put the 
%  Position, time, level, units etc in it.
 
%[UniqParas,idx]=unique( d.Parameter );
UniqParas={'BIOSI-LC',    'CHLA',    'CHLA0.5',    'DIP',...
    'DOC',    'NH-LC',    'NOX-LC',    'PC',...
    'PN',    'PP-LC',    'SIO2-LC',    'TDN-LC',    'TDP',    'TSS'};
 
for nu=1:length(UniqParas) % for each parameter listed
                           % find thie records with data
   indx{nu} = find( strcmp(d.Parameter,UniqParas{nu})==1 ) ;
   
end   
                          % make the strucutre   
dnut     = MakeNutrientStruct(d , indx, UniqParas ) ;
   
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
%
%     function dnut = MakeNutrientStruct(d , indx, UniqParas ) ;
 
function dnut = MakeNutrientStruct(d, indx, UniqParas ) ;
 
%
%  Construct the data structure for all the parameters listed in UniqParas.
%  Fill the output structure with the elements of the  dstrucuture
%  with the appropriate samples... identifed in indx.
%
%  eg d.BIOSI_LC 
%
Nparams=length(UniqParas);
fnmm   = fieldnames(d);
Nfields= length(fnmm);
 
for np=1:Nparams
 
   vnam=[UniqParas{np}]; isub=findstr(vnam,'-'); 
   if ~isempty(isub); vnam(isub)='_'; end
   isub=findstr(vnam,'.'); if ~isempty(isub); vnam(isub)=''; end   
   
   for nf=1:Nfields   % Put the data from each field in the 
                      % strucutre that I will output.
       tmp=d.(fnmm{nf});
       data.(fnmm{nf})=tmp(indx{np});
        
   end
 
   dnut.(vnam)=data;
   
end
 
 





