Rivermet©
Metabolism as a tool to measure stream health
RIVERMET© is an user-friendly but flexible Excel-based software designed to fit the needs of the advanced user when calculating river metabolism from continuous single station data on discharge, temperature and dissolved oxygen. It consists on several Excel and Access files:

Metadata.mdb, an Access 2000 file, the database, powerful enough for the intended use of the system

MetaSunSet-Spain.mdb, a database with the sunrise and sunset timetables from the main Spain cities since 1986. A similar file can be constructed for any other country, and several are available in the internet. Hint: try at your country’s geophysical society.

Metaimport.xls, an excel file to assist importing data from the stations to the main database, Metadata.mdb.

Metagraph.xls, an excel file to generate graphs from Metadata.mdb data and to visually locate data points to be purged.

Metacalc.xls, the main tool, an excel file that calculates all the metabolism parameters from Metadata.mdb. 

MetaKQ.xls, an excel file for performing regression analysis of reareation coefficient (K) vs river discharge (Q).

First of all, the raw data necessary to calculate river metabolism are date, time (hour:min), oxygen concentration (mg O2 l-1), water temperature (°K), discharge (m3 s-1) (if K/Q relationships are sought) and sunrise-sunset times. Sunrise and sunset times can be calculated from geophysical tables, or from continuous measurements of irradiation. Most authors consider “night” the periods when PAR is below 2 µEinstein. “Continuous” recording apparatus typically gather data at fixed intervals from 1 to 30 minutes, but readings every 15 minutes are usually enough; nevertheless, RIVERMET© can work with any time interval. Time must be expressed at solar timetable. All these data must be stored in Metadata.mdb. In this access file there are four tables: SunRiseSet, Locations, Measurements and Stations.

SunRiseSet, date, sunrise time and sunset time are stored. This file can handle up to several years of data from different locations.

Locations, a location is a site with sunrise-sunset data; each location is defined by an ID number (Ex. Location: Bilbao, ID: 8). 

Measurements, up to several years of continuous data of date-time, water temperature (ºK), dissolved oxygen (mg O2 l-1) and discharge (m3 s-1) of different stations are stored.

Stations, a station is a site where oxygen concentrations have been measured; each station is defined by an ID number and related to a location, in order to determine its sunrise-sunset time. If a station is far away from any location, there is a possibility to delay the sunset or sunrise time, in % of daylight hours, in function of the distance from station to location. Example: in a day with 8h16min of daylight at location 8, at the measuring station you observed sunrise to occur 12' later and sunset 8' later. The data to calibrate the station are: Station: Aizarnazabal, ID: 1, Location ID: 8, SunRise%: 2.42%, SunSet%:1.61%.

**** Important: In Measurements is stored data of a reach named as X in StationID. This identification number (X) must be also typed in Stations, column ID, next to its description and tied to a BaseLocationID (Y). This Location ID (Y) must also be in Locations with its name. In SunRiseSet this ID location (Y) must have diel sunrise-sunset data of all the days we have in Measurements. Thus all data is interconnected and it works. 
MetaSunSet-Spain.mdb gives sunrise and sunset timetables of the main Spanish cities since 1986. This access file contains two tables: Locations and SunLight. Locations displays a list of Spanish cities with ID numbers; SunLight times of sunrise and sunset at every location. There is also a query: ExportOneLocation. Clicking it, the user is asked for a location ID and a date interval; a table of sunrise-sunset time is automatically created. Data in this table can be just copied and then pasted in Metadata.mdb SunRiseSet, and location defined in Metadata.mdb Locations. 

Feeding large datasets to RIVERMET© is main database (Metadata.mdb) can be very time-consuming. This process is much easier using Metaimport.xls as assistant. Metaimport.xls consists in two sheets. The first, ImportMeasurements, helps sorting data and adapting formats to store station ID, date-time, water temperature, dissolved oxygen and discharge data in Measurements table of Metadata.mdb. ImportSunRiseSet helps sorting data and adapting formats to store location ID, date and sunrise-sunset times in SunRiseSet table of Metadata.mdb.

All the data in Measurements table of Metadata.mdb can be plotted in Metagraph.xls, an excel file to generate graphs. It has three sheets: Instructions, Graph and Table. The detailed procedure to create graphs is described in Instructions.

Metacalc.xls, is the main tool, an excel file that calculates all the metabolism parameters from Metadata.mdb. As it works with macros, they should be enabled when opening the file. It has five sheets Instructions, Tables, Measurements, Results, and GRegrOneDay. At the Instructions sheet all the procedure is detailed. 

RIVERMET© is a copyrighted free software that can be freely downloaded from the webpage (www.ehu.es/streamecology), although all rights are reserved by the authors. Users may distribute this package to others, including posting on public bulletin board systems, provided that the package is transferred in its entirety and no fee is charged.
Metaimport.xls
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Metaimport.xls instructions

ImportMeasurements sheet 

Input the data to be imported into the table Measurements in Metadata.mdb.

To input data in column DateTime, sum date + time, or use dateserial(y,m,d) +timeserial (h,m,s) formats

For T, use Kelvin degrees. If your data are in °C, copy the value 273.15, select your temperature data, and select  paste special-values-add on values)

Check your data have no typographic errors:
· Are there texts with the form of numbers? (see the count below)

Hint: locate whit Edit-goto-special-constants-text

Hint: convert a full column of number or date-looking texts into number or date with

Copy + Edit-paste special - values - add; after this, format appropriately

- Is any value out of the expected range? (see the maximum and minimum values below)

When importing is finished, copy the data below the header line, go to the Metadata.mdb  Measurements table, select the last data, and paste.

ImportSunRiseSet sheet 

Feed data into the columns LocationID, Date SunRiseTime and SunSetTime

Check your data have no typographic errors:
· Are there texts with the form of numbers? (see the count below)

Hint: locate whit Edit-goto-special-constants-text

Hint: convert a full column of number or date-looking texts into number or date with

Copy + Edit-paste special - values - add; after this, format appropriately

- Is any value out of the expected range? (see the maximum and minimum values below)

When importing is finished, copy the data below the header line, go to the Metadata.mdb  SunRiseSet table, select the last data, and paste.

Hint: if you work in Spain from MetaSunSet-Spain.mdb database you can export directly, using the supplied view.

Metagraph.xls
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Metagraph.xls instructions

This Excel book is connected to the raw database (Metadata.mdb).

To optimise speed and memory, only data from a given station and year is plotted each time

The tool is focused to two goals (although it may be easily used for others):

- Generating graphs from the raw data

- Locating data to be purged

The general procedure is:

- Go to Graph sheet:

Click any button; it will ask for updating data. Right click over Station, use the update command.

The first time you run the program, or when you rename the databaseit will ask for Metadata.mdb. Click OK, click databases, search Metadata.mdb and click OK.

- Select Station and Year. The program will automatically read the data from the database, Metadata.mdb.

- Select the month to be graphed.

- Select Day, Time…

- Different variables (oxygen, temperature, discharge) can be plotted, using the dynamic graphs assistant (right click any button in Table sheet).

Recommendations when using it for purging data:

- Open both this tool Metaimport.xls and the Metacalc.xls
- Select the same station and year on each

- Locate in this tool the points that require purging. Place the mouse over them, and the data items of the point will be displayed

- When finished, or when a significative amount have been marked, purge in Metacalc.xls and update the graph (click right button on it, and select)

Metacalc.xls
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Metacalc.xls instructions

Read this first

General guidelines

Time must be expressed at solar timetable. 

Requirements and computer issues

The system requires Microsoft Excel 2000 or newer, with macros enabled. Access 2000 or newer.

A powerful processor depending on the amount of data to mine
This file: Metacalc.xls

The goal of this file is to calculate metabolism, Gross Primary Production (GPP), Ecosystem Respiration (ER) and Net Ecosystem Production (NEP), from single station continuous data of oxygen, water temperature and water discharge (optional, only to relate K vs Q or calculate water depth).

Firstly all data must be fed in Metadata.mdb.

Continuous data of at least oxygen and water temperature, and sunrise and sunset times are required.

The file contents six sheets: “Instructions”, “Nomenclature and formula”, “Tables”, “Measurements”, “Results” and “GRegrOneDay”
In the "Nomenclature and formula" sheet, all parameters' nomenclature is described, and Excel formula of each column’s first line in "Measurements" and "Results" sheets is typed for possible correction purposes
In the "Tables" sheet, there is a table of critical values for linear regression coefficients and another with information of station and locations in Metadata.mdb.

When the station and year are typed and DO! Pressed in the "Measurements" sheet, the program extracts data from Metadata.mdb, and all the book is modified accordingly. CAUTION: if you type a site or year that is not available in Metadata.mdb, a fatal error will occur. When this happens, quit excel without saving.

The first time you run the program, or when you rename the database it will ask for Metadata.mdb. Click OK, click databases, search Metadata.mdb and click OK. Repeat the whole process three times, until all data are exported.

DateTime, T(ºK), C(mg O2 l-1) and Q (m3 s-1) are imported directly from Metadata.mdb

You must type the general time interval (dt) of your data, in dt (min).

At the right there is a column called Purge, a tool for purging data outliers.

Removing points: "purging"

In Metagraph.xls, when doing graphical analysis, you may see a point that should be removed.

Place the cursor over it, and then read the values for month, day and hour.

Go to the Measurements sheet, locate the point, and write anything in its "purged" column (ex: "x")

Repeat this step as needed. It is faster to purge 100 points at once than doing 100 purgings.

Press the "Purge" button. When you press 'DO!' again, the point is not considered anymore.

You may undo the Purge: open the Metadata.mdb, open the Measurements table, and remove the "purged" flags where needed.

Metabolism is calculated following these equations:

NEP(dt) = dC/dt - K (Cs - C)



NEP is net ecosystem production



dC/dt is the rate of change of oxygen concentration



K is the reaeration coefficient



Cs is the saturating oxygen concentration



C is oxygen concentration at a given time

GPP(dt) = NEP(dt) + ER (dt)

Saturating oxygen concentration (Cs) is calculated following the next equation:

LnCs = -139.34411 + (1.575701 x 105 / T) – (6.642308 x 107 / T2) + (1.243800 x 1010 / T3) – (8.621949 x 1011 / T4)    (APHA, 1992)


Calculating the reaeration coefficient, K, is the most critical step.  

Metacalc.xls calculates K automatically with Hornberger and Kelly night-time regression method and selects significant regressions (Hornberger & Kelly, 1975).
dC/dt=K(Cs-C)+ER    (plotting data of dC/dt Vs. Cs-C of the night after the day of interest, sunset-sunrise)

There is also the possibility to introduce a formula of K in relation to discharge (K Vs. Q). MetaKQ.xls assists to do it.

The program also allows to use K values calculated with any other method.  

ER (dt) is calculated:

1. Following the Hornberger and Kelly nighttime regression method

2. Averaging nighttime NEP (dt) (the nights before and after the day of interest, 0:00-sunrise and sunset-0:00)

K (dt) and ER (dt) are temperature corrected following equations (1) and (2)

KT     =  K20ºC (1.0241 (T-20))     (1)                            (Thyssen et al., 1983)

ERT =  ER20ºC (1.07 (T-20))      (2)                            (Erlandsen & Thyssen, 1983)

The 'Results' sheet shows sunrise and sunset time, calculations, and diel GPP, ER and NEP.

Date, sunrise and sunset time are imported directly from Metadata.mdb.

At columns P-V results of the Hornberger and Kelly night-time regression method are shown, discriminating the statistically significant ones.

At columns AF, AM and AN, K vs. Q formula, K calculated by other methods and K measuring moment temperature could be introduced respectively.

Make sure K values or K/Q relationships have been updated each time you use data from a new station.

If you want to work with K/Q formulae, make sure you relate them to column O, where average daily Q are displayed

All day GPP, ER and NEP results of all the used methods are shown.

Day GPP (mg O2 l-1d-1) is calculated summing light-time NEP (dt) and ER (dt)

Day ER (mg O2 l-1d-1) is calculated summing all-day ER (dt)

Day NEP (mg O2 l-1d-1) is calculated summing all-day NEP (dt)

At column AX, water depth at the reach scale must be entered to change units of metabolism from mg O2 l-1d-1 to g O2 m-2d-1. It could be also a formula of depth in relation to discharge.

As an example, if we select the water depth cells below, a formula of reach water depth in relation to discharge for each site is shown.  

Just copy and paste at column AX of Results.

	 
	 
	 
	 

	 
	 
	Q (m3s-1)
	Water depth (m)

	1 Aizarnazabal:
	 
	1
	1.30

	2 Alegia:
	 
	1
	0.51


In the "GRegrOneDay" sheet Hornberger and Kelly night-time regression method graphs are shown. dC/dt = K(Cs-C)+ER

Select month and day and update graph.

Although statistically significant regressions have been previously discriminated, these graphs allow checking them.
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MetaKQ.xls
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MetaKQ.xls instructions

To calculate the relationship between K and Q

1. Data must be imported from Metacalc.xls.

2. Select and copy in Metacalc.xls Results sheet, column A, date.   

    Paste the values to the "DATA" sheet, in this file, column B. Use Edit-PasteSpecial-Values

3. Select and copy in Metacalc.xls Results sheet, column N, average night Q.

    Paste the values to the "DATA" sheet, in this file, column C. Use Edit-PasteSpecial-Values

4. Select and copy in Metacalc.xls Results sheet, column S, K20 (dt).

    Paste the values to the "DATA" sheet, in this file, column D. Use Edit-PasteSpecial-Values

5. Select and copy in Metacalc.xls Results sheet, column U and V, %95 and %99 significance.    

    Paste the values to the "DATA" sheet, columns E and F. Use Edit-PasteSpecial-Values

6. Copy columns B-F in "DATA" sheet, and paste in G-K columns.

7. Select G-K columns. Data-Sort- descendent on J and K columns.

    Remove non significant K and respective Q values.

8. Select the required parts of the H and I columns, then select the menu option "Insert-Graph"

9. You can further eliminate rows with data that look wrong.

10. Add one or more trend lines, showing the formula (right-click over any data spot of the graph).

11. Copy the text of the preferred formula from the text box that contains the formula

12. Use the formula in Metacalc.xls Results sheet, in column AF (KQ20), replacing x by the corresponding Q cell (column O).

13. Copy-paste the formulas to all the rows of that column in the "results" sheet

These instructions describe the procedure when using K data of Hornberger and Kelly night-time method.

Anyway, obviously, it can be used with other K and Q data.

