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CO2 Backpack User Instructions

Version 4.0  6/3/2005
Auto Sampling Scheme (Theory of Program)

Infrared gas analyzers (IRGAs) use the absorbance of specific spectra of infrared energy by CO2 to measure the CO2​ concentration in part per million (ppm).  This LiCor Gashound IRGA has been connected to a Campbell Scientific datalogger programmed to record the measured CO2 concentration every two seconds in air pumped in a loop from the IRGA to a chamber open only to the soil upon which it sits.  By measuring the change in concentration of CO2 over time in a closed container of known volume, one can calculate soil CO2 flux.

So that these flux measurements are not biased by CO2 concentration gradients between the chamber and the air, it is important to scrub the concentration within the chamber down to just below ambient CO2 concentration, allow that concentration to build up again and measure the change in concentration close to ambient.  This is done by having a second air flow loop that pumps the air from the chamber through a soda lime trap, chemically trapping the CO2​ within the chamber by the following net reaction:

Ca(OH)2 + CO2 

CaCO3 + H2O

When the partial pressure of CO2 falls below the Lower Boundary Sampling Level (LBSL), set by the user such that LBSL < ambient PCO2 , the datalogger closes the loop to the trap and opens the air flow to the IRGA, allowing CO​2 to build up in the chamber.  After a Minimum Lag Time (also user determined) has elapsed and the CO2 concentration is above the LBSL, the datalogger then begins to record the CO2 concentration, as measured by the IRGA, every 2 seconds.  The flux estimate output by the program is only approximate, as the current program uses a default chamber volume to calculate flux, and we correct flux using volume of collar estimated from four depth measurements on the collar during post-processing.
A full sampling cycle therefore entails the following steps:

1:  User initiates start – air flows through soda lime trap

2:  Scrubbing of [CO2] ppm until it is below Lower Boundary Sampling Level

3:  Air flows through IRGA for duration of user determined Lag Time and until [CO2] is above Lower Boundary Sampling Level

4:  Datalogger records a sample every two seconds during the Sampling Time for flux calculations.  

6:  Sampling record terminates.

7:  Datalogger sends new data to storage module.
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Supplies

IRGA Backpack – batteries charged – Battery will hook up to standard LiCOR battery charger.  Charging line has 1 amp in line fuse.

Chamber Cover with temperature probe (attached)

Field Notebook

Pencil

Voltmeter 

Philips head and small flathead screwdrivers 

Pliers

Sampling Procedures

Prior to sampling:

1:  Turn the Gashound on at the beginning of each sampling day – takes a minimum of 10 


minutes to warm up.

2.  When you first arrive at the collar to be sampled, lay down the IRGA and the chamber cover, making sure to lay the cover inside exposed to the air and not on the ground.  This way no extra CO2 builds up in the chamber top before measurement.

3.  Turn on the pump – feel by hand if the in and out tubes coming out of plastic container are functioning.  Also observe the flowmeters.

4. Measure ambient CO2 concentration:  Stand down wind of the sample tube, Key in * 6 3 A – The display now shows the ambient CO2 level in parts per million (ppm).  Record this in a notebook for reference and for entering into the data logger.

5.  Attach the chamber to the IRGA by attaching the tubes, matching the “out” labels, and the “in” labels.  At this time, also attach the soil temperature probe with the plug BE SURE to align the negative and positive sides together.  Lay the chamber top down again with the inside open to the air.

6.  Input approx. (1) ambient pCO2, (2) Lower Boundary Sampling level (ppm CO2), (3) lag time (time between CO2 scrub off and beginning of sampling), (4) sample time, (5) Chamber volume (ml), (6) Chamber area or change defaults in program and use defaults.  If fluxes are low, you may choose to not scrub (*4 7 A 0 A).  Check your data input if it is already entered:  Key in *4 A, then keying in A (for advance)* you will see on the datalogger’s LCD data that correspond to the following information (“locations”):

	*4 followed by
	Location function
	Default

	1
	Ambient PCO2  (ppm) 
	Default: 360 ppm

	2
	Lower Boundary Sampling Level (ppm)
	Entered by user – usually 20 to 40 ppm below ambient PCO2; Default: 330 ppm

	3
	Minimum Lag Time (s)
	Time from switching off CO2 scrub until sampling for CO2 increase begins.  Default: 30s

	4
	Sample Time (s)
	Time for sampling for CO2 increase.  Default: 75s

	5
	Chamber volume (ml)
	Will vary with depth and type of collar. Default for 3 cm above forest floor = 7472

	6
	Chamber area (m2) 
	For 10” collar: 0.05067 m2 

	7
	Scrub (= 1) or Not ( = 0);
	Default = 1


*Alternately, once in *4 mode, use the A key to advance from a location to the next higher numbered location, and the B key to back up.  
7.  To change any of these parameters, key in *4 A then A to advance to the appropriate parameter, then enter the new parameter.  When finished, type in *0 to recompile the program.

To sample:
1.  Enter the code for the plot and collar:  *6 1A, C (to change value), enter plot and collar code, then A.
2.  Gently place the chamber cover on the collar and insert temperature probe 10 cm into the soil (up to the white tape).  Quickly, within the *6 Mode, key in D to display user flags (0=low, 1=high; left to right on screen = flag 1 to flag 8).  

3.  Key in 1 to set Flag 1 equal to 1 (high).  This starts the sampling regime.  Within 2 seconds, you will hear the solenoid click that closes air flow to the IRGA and opens air flow to the soda lime trap.  The longer you wait to start the cycle after the cap is placed on the collar, the longer it will take to scrub CO2.

4.  Go to Location 3 (* 6 3 A or just press A to get back to your last position in *6 mode) to be sure CO​2 partial pressure is being scrubbed down to your preset LBSL.  When concentration in the chamber reaches this level, you should hear the solenoid click again, reopening air flow to the IRGA and closing flow to the soda lime trap.  Watch the datalogger display to be sure CO2 is indeed building up.

5.  After the lag time has elapsed, go to location 2 (* 6 2 A, or just enter A or B to advance or go back to look at different input registers) to be sure the timer begins counting up to the Sampling Time entered in parameter 5.

6.  After the sample time has elapsed (and counter in location 2 is no longer incrementing, wait about 5s to let the program calculate slope (ppm CO2/s), r2, and flux (mol m-2 s-1).  Look at soil temperature, slope (ppm CO2/s), r2, and flux (mol m-2 s-1) calculated for the last reading by going to location 4 (* 6 4 A for temperature, A again for location 5 (slope), A again for location 6 (r2), A again for location 7 (flux).  All input variables are given below.

7.   All of the CO2 and temperature data is logged every execution interval (default 2 s), so that you can also calculate fluxes after downloading the data.

Location 1 is the only entry needed for each reading on a sampling date, once the correct parameters are entered in *4 mode, above.  If soil respiration is extremely active, drop the LBSL to make sure that concentrations during sampling time bracket ambient CO2 concentration.  Program and last parameters entered remain in the datalogger, even when turned off.

To end sampling:

1.  Once the [CO2] has exceeded the Sampling Time entered by the user, the sampling process is complete.

2.  Carefully remove chamber from sampling collar without disturbing the soil in and around the collar. 

3.  Remove temperature probe from soil and attach to the chamber cover with the Velcro attachment. 
3.  If the next collar is in a different plot, or if the sampling day is done, turn pump off. if not keep pump running and go to the next collar within the plot and continue sampling.

To continue sampling:
1.  After arriving at a second collar, lay down the IRGA and chamber top as done previously.  

2.  Go to step 1 ‘To Sample’, above.

At the end of each sampling day, turn off the pump and LiCor, download your data from the datalogger or storage module, RECHARGE THE BATTERIES.  Leaving batteries discharged will seriously lower their lifespan.  Change batteries when the ‘Battery voltage gets below 11.5 V.

Input variables accessible using *6 mode:

	*6 followed by
	Location function
	Default

	1
	Plot and collar ID
	None

	2
	Timer (s)
	Times lag and reading

	3
	CO2 concentration (ppm)
	None

	4
	Soil temperature
	None

	5
	slope (ppm/s)
	None – typically between 0.25 and 1

	6
	r2
	None, should be > 0.97

	7
	flux (mol m-2 s-1)
	None, typically between 1 and 10

	8
	Approx. ambient PCO2
	Default = 360 ppm, Entered by user in *4 mode at beginning of sampling day

	9
	Lower Boundary Sampling Level
	Default = 330 ppm, Entered by user in *4 mode – 20 to 40 ppm below ambient PCO2

	10
	Minimum Lag Time
	Default = 30s, Entered by user in *4 mode

	11
	Sampling Time
	Default = 30s, Entered by user in *4 mode

	12
	Reference Temperarture
	None 

	13
	Battery Voltage
	None – should be > 12.5 for fully charged battery

	14
	Chamber volume (ml) 
	Will vary with depth and type of collar. Default for 3 cm above forest floor = 7472

	15
	Atmospheric pressure from Licor gas analyzer (kPa)
	None, depends on elevation (sea level is 101.3, 5000’ is ~85.0.

	
	
	

	16
	Chamber area (m2)
	For 10” collar: 0.05067 m2 

	17
	Scrub (= 1) or Not ( = 0)
	Default = 1

	18
	Slow Scrub (= 1) or Not ( = 0)
	No longer used in program

	19
	Modulo divide of timer for slow scrub cycle
	No longer used in program

	20
	Difference between [CO2] and LBSL
	

	21
	Mean Time for Reading (s)
	None, should be Sample time/2

	22
	Mean [CO2] for reading
	None, should be close to ambient CO2 concentration.

	23
	SDx (time)
	None, used in slope calc.

	24
	SDy (CO2)
	None, used in slope calc.

	25
	r
	None, used in slope calc.


Troubleshooting

Wires could  come loose from their attachments.   Use the screwdrivers to tighten them down if that happens.

Sometimes the balls in the flowmeters stick.  To fix in the field detach the outlet hose from the flowmeter and suck on the tube.  Then, clean out the offending flowmeter if it happens often.

Keep an eye on the soda lime trap color indicator.  When the green changes to brown (or from white to pink), the trap is no longer effective.  Check this if the IRGA is having trouble reaching your LBSL.

If you get low r2 values, or the CO2 concentration seems to be bouncing around a lot during measurement, suspect a leak in the system.  Places to look for leaks: any tubing connector or junction, pump diaphram, filter.  To test for leaks, seal cap bottom and take a piece of tubing and blow around pump, filter and tubing connectors and junctions.  Give a puff of air (your breath has several thousand ppm) and wait to see if CO2 jumps up after it circulates through the system.

Flux Calculations

Chamber area (m2):  10" diameter = 506.7075  cm2 or 0.050671 m2.   

Total System Volume (m3) = (height from forest floor to top of collar in m * 0.050671) + 0.0059519.

Flux = increase in CO2/time * volume/surface area

Flux (mol m-2 s-1): 

              = mol CO2 mol Air-1 min-1 (slope of regression of CO2 ppm versus time)

                 * (103 L/m3) 

                 * (system volume in m3) 

                 * (1 mol/22.414 L) 

                 * (Pressure in bars/101.32) (From Licor gas analyzer)

                 * (273 °K/Air temperature in °K)

                 * 1 min/60s 

                 * 1/ 0.050671 m2. 

Convert Time in hhmm, sec to decimal.  SPSS uses number of minutes since midnight.decimal seconds.  E.g., if hhmm=1230 45sec, nminutes = (12*60)+30+(45/60) = 750.75.

Data Output:

;Output Array Definitions:

;         Array (100)             Array (200, 300, 400)

;         Plot ID                 Plot ID

;         Day                     Day

;         Hour/Minute             Hour/Minute

;         Second                  Second

;         Ambient [CO2]           [CO2] ppm

;         LBSL                    Probe Temperature

;         Min. Lag Time

;         Min. Sampling Time

;         Reference Temperature

;         Battery Voltage

;         Chamber Volume (ml)

;         Atmospheric Pressure (mB)

;         Chamber Area (m2)

;

;         Array 100 = Housekeeping data outputed at the beginning

;                     of every new sample

;         Array 200 = Scrub Data output every 5 seconds

;         Array 300 = Lag Time Data output every 5 seconds

;         Array 400 = Sampling Data output every 5 seconds

;         Array 500 = Flux data, output at end of sampling data

;

;         Array=500

;         Plot ID

;         Day

;         Hour/Minute

;         Average Soil Temp (C)

;         Slope (umol/mol/s)

;         R2

;         Flux (umol/m2/s)

;         Mean Time (s)

;         Mean co2 (umol/mol)

;         SD(Time)

;         SD(Co2) 

Gas Flow Diagram
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Figure 1 -  Graphical depiction of chamber CO2 (ppm) concentration over time during full sampling cycle
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