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Automated soil respiration measurements: new information, 1 

opportunities, and challenges 2 

 3 

Automated Soil Respiration Workshop – a Terrestrial Ecosystem Response to Atmospheric 4 

and Climate Change (TERACC) sponsored workshop, Durham, New Hampshire, USA, 5 

September 2007 6 

 7 

Soils are the largest carbon pool in terrestrial ecosystems, and soil respiration is the major 8 

pathway of carbon transfer from the soils to the atmosphere. Measuring and predicting soil 9 

respiration has been challenging because the CO2 efflux from soil integrates numerous 10 

complexities belowground (Zhou & Luo, 2006). Current models of soil respiration lack a 11 

theoretical underpinning with which to predict how fluxes reflect different plant and microbial 12 

CO2 sources and mechanisms. Recent technological advances in automated soil respiration 13 

systems are generating unprecedented numbers of high temporal-resolution observations (Savage 14 

and Davidson, 2003). Automated soil respiration (ASR) provide valuable information often 15 

missed with less frequent manual measurements, and they present the opportunity to move 16 

beyond empirical (gap filling) models towards a predictive understanding of the key mechanisms 17 

that determine soil respiration fluxes. However, these continuous measurements present new 18 

challenges in that they require the additional management of complex equipment and large 19 

datasets as well as novel analytical approaches. 20 

In September 2007, researchers met in Durham, New Hampshire, USA for a workshop on 21 

Automated Soil Respiration Measurements (http://www.umaine.edu/teracc). The overall goal of 22 

the workshop was to initiate communication within the automated soil respiration measurement 23 
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community and provide a foundation for future research and syntheses studies. The meeting 24 

focused on: a) how automated measurements are advancing our understanding of soil respiration 25 

processes; b) challenges for quality and analysis (QA) and quality control (QC) of large datasets; 26 

and c) identifying current knowledge gaps and future research direction on soil respiration. The 27 

following questions provided the structure for the workshop: 28 

1- What are we learning from automated measurements of soil respiration? 29 

2- How do we know when we are making good measurements: quality analyses and quality 30 

control of large datasets? 31 

3- What are the best ways to analyze and model automated soil respiration data? 32 

4- What are the future research directions for automated chamber measurement studies and 33 

syntheses? 34 

 35 

New insights from ASR measurements 36 

ASR techniques provide reliable and continuous measurements that can be deployed in 37 

complex terrain, near eddy covariance towers, and at manipulation experiments. Several research 38 

groups and networks have begun ASR measurements that are starting to provide a solid basis for 39 

site-to-site intercomparisons (e.g. Ameriflux, Asiaflux, Carboeurope), and these efforts are 40 

crucial for interannual comparisons across sites in the following years.  41 

ASR measurements provide information about temporal complexity at multiple scales where 42 

changes in biophysical factors play a major role (Baldocchi et al., 2006). The reoccurring new 43 

insights from ASR data are the importance of diel patterns and time lags, and the quantitative 44 

evaluation of seasonal dynamics. Several talks included discussions of diel patterns of soil 45 

respiration and temperatures with lags up to 5 hours and showing hysteresis effects (Fig. 1). The 46 
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lags were related to changes in plant phenology and photosynthesis, but the presence of snow, 47 

changes in turbulence conditions near the soil surface or differential diffusivity of soil CO2 could 48 

also influence these patterns. Recent studies including isotope studies, natural spatial gradients, 49 

and manipulations by girdling or controlling temperature presented evidence of the role of 50 

photosynthesis in diurnal patterns of soil respiration.   51 

Participants in the workshop recognized that the same processes that create day-night 52 

differences in soil respiration fluxes might not be the ones controlling seasonal or interannual 53 

variability. In addition, fast-changing diel patterns and dynamic responses to environmental 54 

events like precipitation pulses require ASR to quantify short-term responses. Long-term ASR 55 

measurements are providing observations of soil respiration under a wide range of 56 

meteorological and phenological conditions to address these questions. With this information, 57 

researchers are selecting appropriate time intervals to explore the role of driving variables (e.g. 58 

temperature) when others (e.g. phenology, moisture) are not changing to understand mechanisms 59 

of soil respiration under different environmental conditions.  60 

 61 

Quality analysis and quality control (QA/QC) 62 

There is an increasing interest for clearly defined and common QA/QC procedures for large 63 

datasets accumulated from ASR measurements. Relatively simple procedures can be 64 

implemented to screen data such as checking sensor values and flow meters to eliminate 65 

obviously bad data. Immediate processing of the data, including rapid visualization of flux 66 

tracings with appropriate software, can help organize and detect errors of equipment failure to 67 

minimize data gaps. Wireless connectivity could further help with screening data in near real-68 

time. Corrections to absolute flux rates may be improved by additional frequent measurements of 69 
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chamber volume and water vapor concentrations in the field. A combination of both visual and 70 

quantitative screening of data is recommended as needed. Automated data cleaning and gap 71 

filling analysis for ASR measurements are an opportunity to develop algorithms that may 72 

analyze historical data for data QA/QC. A follow-on effort was organized to define standard 73 

QA/QC protocols, including a common list of meteorological variables, especially to support 74 

comparisons among sites and when different techniques or chamber designs are used to calculate 75 

soil respiration rates.  76 

 77 

Analyzing and modeling soil respiration 78 

ASR chambers can be placed at multiple points in space to generate continuous time series of 79 

soil respiration (Drewitt et al., 2002), and profile measurements of CO2 concentrations provide 80 

vertical information of production and transport of CO2 at different soil depths (Tang et al., 81 

2003; Davidson et al., 2006). The large datasets resulting from these measurements require 82 

rigorous techniques for data assimilation to synthesize information and construct robust 83 

mechanistic models. As a result, the parameters of the models can be constrained by high quality 84 

data collected at a time-step close to specific needs. 85 

A primary challenge in understanding the controls on soil respiration is to separate the 86 

measured CO2 flux into its autotrophic and heterotrophic components, and then to quantify how 87 

each source responds to changes in the environment (e.g. light, temperature and moisture), 88 

substrate supply and quality and plant phenology. The covariance of these driving variables often 89 

limits the ability to predict parameters driving soil respiration. ASR measurements in 90 

combination with isotopic techniques such as labeling (Carbone & Trumbore, 2007), background 91 

abundance (with 
14

C), and continuous 
13

C measurements offered with tunable diode lasers can 92 
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separate autotrophic and heterotrophic source contributions. Additionally, ASR measurements 93 

can be combined with studies across gradients and appropriate experimental manipulations (e.g. 94 

cold-block phloem, girdling, root trenching) to independently assess the controls on these 95 

sources.  96 

  97 

Future directions 98 

Currently, advances in developing mechanistic models for soil respiration are hindered by 99 

both a lack of observations and the need to design experiments to emphasize the role of a single 100 

driving variable. Special challenges include developing ways to better understand of the role of 101 

substrate supply for both autotrophic and heterotrophic respiration sources. Again, discussions 102 

highlighted applying a combination of approaches including the simultaneous deployment of 103 

CO2 concentration profile sensors and chambers measurements, isotopic applications, 104 

manipulations, and high frequency measurements of root and mycorrhizal dynamics to test 105 

hypotheses about drivers of soil respiration variability. Manipulations should be expanded to 106 

include global change experiments such as warming and altered nutrient and water regimes. Such 107 

manipulation experiments have been applied in the past and are ongoing, but the introduction of 108 

ASR measurements affords an opportunity to investigate how these manipulations affect 109 

autotrophic and heterotrophic processes at time scales from hours to seasons. An example is the 110 

incorporation of ASR measurements in free air CO2 enrichment experiments (Liu et al., 2006). 111 

Intensive measurements of soil respiration with observations of soil temperature, soil water 112 

status, soil carbon pools, root mass data, and plant allocation patterns at key sites are important 113 

for comparison of sites with different vegetation and climate.  114 
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There are emerging opportunities for cross-site and regional comparisons or synthesis 115 

analysis of ASR measurements. These comparisons span from research in QA/QC analysis and 116 

chamber designs to seasonal and diel patterns in soil respiration. It is an exciting time for 117 

studying soil respiration processes and model development as demonstrated by the new 118 

information presented at this workshop.  119 

 120 
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Figure 170 

Fig. 1 Example of a diel pattern of soil respiration and soil temperature using automated soil 171 

respiration measurements in a mixed pine-oak forest at the James Reserve, CA, USA. The figure 172 

shows a lag of 2 hours between maximum soil respiration (13 hrs) and maximum soil 173 

temperature (15 hr). Open circles represent increasing temperatures and black circles decreasing 174 

temperatures. Arrows indicate the clockwise direction of a hysteresis loop. Data derived from 175 

soil CO2 profile measurements at 5 minute intervals (Vargas and Allen, unpublished data).  176 
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