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Soil sensor array ENS nodes.Soil sensor array ENS nodes.

Mean differences
all tubes, varying intervals
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Problem Description:Problem Description: How can we determine the most informative scale(s) for measuremeHow can we determine the most informative scale(s) for measurement?nt?

Proposed Solution:Proposed Solution: Comparing variation across multiple scales.Comparing variation across multiple scales.

AMARSS: Identifying meaningful spatial and temporal scales for AMARSS: Identifying meaningful spatial and temporal scales for 
measuring ecological processes in soil.measuring ecological processes in soil.

William Swenson, Rodrigo Vargas, Mike Taggart, Chris Glover, Michael Hamilton, Michael F. Allen
University of California, Riverside

Introduction:Introduction: Biological process in the soil are scaleBiological process in the soil are scale--dependent.dependent.
“As above, so below …”

Automating and networking soil sensing instruments

Soil Space-Time
Layout of the AMARSS transect at the San Jacinto Mountains James
Reserve. Located directly beneath a Networked Info-Mechanical Systems 
(NIMS) cable, the arrangement and dimensions of the AMARSS sensor 
array was designed to compare variance in measurements at multiple 
scales. Distances between minirhizotron tubes follow a scale-invariant 
power law: y = 1.1413x2.1, with parameters chosen to fit the study area.
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Center for Embedded Networked SensingCenter for Embedded Networked Sensing

– Tom-Tom Club

• Below-ground biomass (i.e., biological/ecological action) is 
comparable to what we see above-ground.

• The biogeochemistry of soil processes at local scales are not only 
affected “top-down” by larger, regional-to-global environmental 
phenomena but also ramify “bottom-up,” with important 
environmental consequences. 

– Global warming and carbon cycling: production and storage of CO2.
– Nutrient cycling: alterations in ecosystem composition and diversity.
– Community/ecosystem energy budget.

1014-fold range in spatial scales

• Comparable range in temporal scales, from proton exchange to 
root growth to erosion of soil “parent material” (i.e., bedrock).

Human-powered 
minirhizotron at the 
James Reserve.

Bar graph of variance by depth over time in counts of mycorrhizosphere 
components: plant roots, mycorrhizal root tips, fungal rhizomorphs and 
hyphae. Counts are per 9 x 12 mm minirhizotron image tube #8 and are 
based on averaging across all sessions from 3/17/2005-9/16/2005 (183 
days).

• Until now, measurements of belowground ecological processes have largely been collected as 
"snapshots" of conditions at isolated points in space and time. This data has been essential for 
describing soil biogeochemistry but has provided little insight into the extent or rates of soil 
patterns and processes. 

• By collecting multiple data streams at varying intervals, AMARSS will enable us to compare 
discontinuities in variance across multiple spatial and temporal measurement scales, providing 
essential information for identifying the scales) of measurement necessary for a far more 
complete understanding of many soil processes.

Image data alone are inadequate to 
understand ecologically significant 
biogeochemical processes in the soil. Integral 
to AMARSS, soil physical- and chemical-
state sensors are buried in close proximity to 
each minirhizotron camera,  allowing us to 
correlate visual observations with changing 
environmental conditions such as occurs 
during spring snow-melt or with increasing 
temperature during the summer. 

Image data alone are inadequate to 
understand ecologically significant 
biogeochemical processes in the soil. Integral 
to AMARSS, soil physical- and chemical-
state sensors are buried in close proximity to 
each minirhizotron camera,  allowing us to 
correlate visual observations with changing 
environmental conditions such as occurs 
during spring snow-melt or with increasing 
temperature during the summer. 

By collecting data 
frequently and comparing 
discontinuities in variation 
across multiple spatial and 
temporal intervals, 
AMARSS will yield 
essential information 
regarding the scale's) of 
measurement necessary for 
understanding soil 
ecosystems. Further 
refinement of the analysis 
will involve semivariance, 
geospatial, and related 
statistical techniques.

Variance differences
all tubes, varying intervals
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Dimensions (m)

a: 30.8
b: 7.2
c: 1.7
d: 0.4

Total length = 76 m



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




