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APPENDIX A  Vaisala CARBOCAP®Carbon Dioxide Probe GMP343 

 

 

A new generation of commercially available sensors enables simple and 

reliable in situ measurements of CO2 concentration. Vaisala CARBOCAP® Carbon 

Dioxide Probe GMP343 (Vaisala Corp., Vantaa, Finland) is designed for high 

accuracy CO2 measurements. The measurement is based on the advanced 

CARBOCAP® Single-Beam Dual Wavelength non-dispersive infra-red (NDIR) 

technology. Here the pulsed light from the miniature filament lamp is reflected and re-

focused back to a Infra-Red (IR) detector, which is in front of silicon-based Fabry-

Perot Interferometer (FPI). This tiny FPI is tuned electrically so that its measurement 

wavelength is changed between the absorption band of the CO2 gas and a reference 

band. Because of this a true reference measurement, and, therefore, a stable CO2 

measurement can be obtained. When the passband of the FBI coincides with the 

absorption wavelength of the CO2 gas, the IR detector sees a decrease in the light 

transmission. The measurement wavelength of the FPI is then changed to the 

reference band (that has no absorption lines) and the IR detector sees a full light 

transmission. The ratio of these two signals indicates the degree of light absorption in 

the gas and is proportional to the gas concentration. Only a single IR detector is used 

for measuring both the absorption and the reference bandwidths, which eliminates the 

errors commonly present in NDIR sensors with two IR detectors. The true reference 

measurement enables good stability of the sensor both in terms of time, and 

temperature. It is worth emphasizing that the temperature stability results also in good 
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stability with flow, which is an important feature, especially in diffusion based 

sensors. 

Although the basis of the measurement technology of GMP343 is the familiar 

Vaisala  CARBOCAP® sensor, the NDIR bench in GMP343 is more advance 

resulting in improved performance and durability. 

  

Appendix Figure 1 The structure of the GMP343. 

 

 The structure of the Vaisala CARBOCAP® Carbon Dioxide Probe GMP343 is 

presented in Fig. 1. It differs from Vaisala CARBOCAP® carbon dioxide sensors in 

the following ways: 

- the sample cell is open in order for the gas to move freely through the 

sensor by means of diffusion; 

- the light source and the FPI/ detector are both located at the same end of 

the sample cell, in the same space with the electronics behind a heated 

sapphire window, inside an IP67/ Nema 6 housing; 
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- on the opposite side of the sample cell there is a gold plated, specially 

coated focusing mirror, the mirror can also be heated, and; 

- a sensor measuring the gas temperature is located in the sample cell. 

Compare with conventional analyzer type of carbon dioxide instruments. The Vaisala 

CARBOCAP® Carbon Dioxide Probe GMP343 has the following advantages: 

- cost efficient; 

- diffusion based sampling; 

- low power consumption; 

- can be used in harsh environments; 

- good long term stability; 

- small size and weight; 

- excellent possibilities for performance optimization, as well as 

- no additional power supply is need when used with an optional portable 

indicator/ datalogger. 

The diffusion based sampling is a welcome alternative in many ecological 

applications, especially in cases where the pump sampling can create problems or 

even errors in the measurement. For instance, in soil chambers, the pump sampling 

can sometimes generate under-pressures that accidentally increase the CO2 flux from 

the soil. The main advantage of a diffusion-based sensor is however that it is less 

complex, less power consuming and requires less maintenance. 

The low power structure of this sensor has also its down sides. The peak-to-peak 

noise of GMP343 is rather large, mainly because of the low power light source and 

the thermopile detector used in the system. However, if the response time is not 

critical, output noise can be reduced with the built-in filtering algorithms. 
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 Although the GMP343 probe has advanced built-in pressure and humidity 

compensation algorithms, the probe dose not to contain a pressure or humidity sensor. 

However, not all measurement applications need active pressure and humidity 

compensations since the pressures and humidity remain reasonably constant 

throughout the measurement. And in cases where active compensation is required, 

pressure or humidity data is many times already available, and if so, this data can 

easily be linked to the compensation algorithms available in the GMP343 

(http://www.vaisala.com). 
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APENDIX B  Li-8100 System Automated Soil CO2 Flux Measurements 

 

 

The LI-8100 is a fully automated system dedicated to making measurements 

of flux. The analyzer in the Li-8100 is an absolute, non-dispersive infrared (NDIR) 

gas analyzer with a single path, dual wavelength detection system. The optical bench 

provides a CO2 measurement range of 0-3000 µmol/mol and an H2O measurement 

range of 0-80 mmol/mol. Pressure compensation and temperature regulation of the 

optical bench minimize zero and span drift. The optical path can be removed and 

cleaned by the user if necessary, without requiring factory recalibration.  

 

Appendix Figure 2 Schematic showing path of air flow between chamber and console. 

The system is designed for continuous and unattended long-term 

measurements to obtain the high temporal resolution of soil CO2 efflux when used 

with a 20-cm long-term chamber. The long-term chamber moves completely away 

from the soil measurement area when a measurement is not in progress to ensure that 

the moisture and temperature of the soil within the measurements collar are similar to 
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the surrounding soil. Li-8100 also support rapid survey measurements when used 

either with a 10-cm or with a 20-cm survey chamber. The Li-8100 survey chamber 

designed to minimize environmental perturbations by operating with a unique 

pneumatic system that contact and expand a bellows to rise and lower the chamber 

over the soil.  

The Li-8100 is a non-steady state, transient system (i.e., closed dynamic 

system). The flux is estimated by calculating the initial slope of a fitted exponential 

curve at the ambient CO2 concentration. This is done to minimize the effect resulting 

from the altered CO2 concentration gradient across the soil surface after the chamber 

is closed. The Li-8100 has a novel feature to prevent pressure differences between the 

inside and outside of the chamber. Major features include: 

- continuous, unattended long-term measurements; 

- both survey and long-term chambers close automatically, eliminating 

variations caused by manual chamber placement; 

- new patent-pending pressure vent design minimizes pressure pulses at 

chamber closing, and allows chamber pressure to track the ambient 

pressure under calm and windy conditions; 

- CO2 flux rate is calculated at the CO2 concentration of the surrounding 

ambient air. This minimizes effects resulting from the necessary increase 

in chamber CO2 concentration during a measurement; 

- a bowl-shaped chamber provides good mixing without using fans, thus 

eliminating potential for chamber pressure perturbation;   

- air flow is generated by a rotary pump that provides a steady, consistent air 

flow with much lower pulsations than ordinary diaphragm pumps; 
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- temperature artifacts are minimized by careful consideration of materials 

and coatings; 

- the perforated baseplates of the Long-Term Chambers minimize 

perturbations to the soil environment around the chamber, including the 

prevention of a concentration gradient-induced impedance of soil CO2 

efflux  (http://www.licor.com).  
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