Enhancing the ecological infrastructure of soils
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Abstract

The recent financial crisis has led to massively increased investments in built infrastructure as a means of
rapidly stabilising and reinvigorating economies around the globe. However, just as built infrastructure
delivers a range of socio-economic services that underpin modern societies, there is also an ecological
infrastructure that maintains the provision of the ecosystem services that support a wide range of ecological
as well as socio-economic benefits. Given the worsening water and food crises and increasing population
pressures, one wonders why larger investments are not being made to ensure that our ecological
infrastructure has the capacity to continue to produce sufficient flows of ecosystem services to satisfy the
world’s future needs. A large part of the answer to this question is, despite its importance, that the concept of
ecological infrastructure is not yet widely recognised and understood. This paper highlights the importance
of investing in the ecological infrastructure of soils. We begin by developing the concept of ecological
infrastructure through a comparison of the key elements, systems and services that constitute built
infrastructure and ecological infrastructure. We then highlight the role of soils as a fundamental element of
ecological infrastructure. We highlight the importance of pore connectivity and soil water flow and transport
as essential features of a robust and resilient soil ecological infrastructure that can be invested in, and
enhanced, through carbon investment strategies.
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Comparing built and ecological infrastructure

Water scarcity, projected climate change impacts, the worsening global food crisis and the global financial
crisis are powerful drivers for major investments in water and other built infrastructure. Many people now
have direct and regular access to a variety of socio-economic services that this type of infrastructure
provides. Water, energy, transport and communications infrastructure (Table 1) is used by so many of us so
often that we consider them to be essential (Australian Government Treasury 2004)

Table 1. Built infrastructure, associated systems, and the services and benefits they provide.

Infrastructure* Systems Services Benefits
Water Dams, channels, treatment ~ Water for urban, agricultural,  Sufficient quality water;
plants industrial use Flood mitigation
Energy Power stations, power lines Generation, storage, Energy for construction, maintenance &
transmission of energy equipment operation
Transport Road, rail, terminals ports  Despatch, delivery, receipt of  Access to goods, services and travel
goods & services
Communication Transmitters, cables, Information storage, transport ~Connecting individuals, organizations
receivers, satellites and delivery across space and time

* Also includes health, education, industry, defence and other built infrastructure

Investing in built infrastructure provides increased capacity for the delivery of various services required by
growing populations. In addition, built infrastructure investments are used to stimulate rapid economic
growth, and billions of dollars are now being invested by a number of countries in a wide range of public and
private infrastructure developments as part of their response to the global financial crisis.

As with built infrastructure, we note that rivers, soils, aquifers, wetlands and other landscape elements are
key components of an ‘ecological infrastructure’ that supports the continuing delivery of ecosystem services
required by natural systems for their survival, and mankind for human well-being (Table 2).
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Table 2. Ecological infrastructure, ecosystems, and the services and benefits they provide.

Ecological Ecosystems Ecosystem Services Ecosystem Benefits
Infrastructure*
Rivers River Water delivery within and between Provides water, sediment, nutrients
ecosystems elements (and ecosystems) to floodplains, wetlands, aquifers,
estuaries; and habitat
Aquifers Aquifer Water capture, storage, purification, Soil moisture, stream flow, wetlands
ecosystems dilution (underground) (base flows) in dry seasons
Wetlands Wetland Water storage, filtration and purification  Inception & dilution of non
ecosystems beneficial organic & inorganic
materials; habitat
Soils Soil Support medium, storage and supply of  Maintain (& increase) soil
ecosystems water & nutrient for plants; waste biological and vegetation

treatment/removal

productivity & biodiversity)

* Also includes catchments, forests, rangelands, vegetation, floodplains, estuaries etc

Ecological infrastructure consists of landscape elements, ecosystems, ecosystem services and the
interconnections within and between them (Figure 1).
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Figure 1. Ecological infrastructure consists of landscape elements, ecosystems, ecosystem services and the
interconnections within and between them.

We argue that growing populations will require an increase in the capacity of existing ecological
infrastructure if it is to continue to produce the range of ecosystem services necessary for our present living
standards to be maintained and improved. Even though the importance of maintaining the flow of ecosystem
goods and services is now well-established in the literature (Costanza et al. 1997), the role and importance of
the ecological infrastructure that sustains the ecosystems that provides the goods and services is barely

recognised (Postel 2008).

While our investments in built infrastructure have been ever-increasing, we have not been investing
sufficiently in our ecological infrastructure. Inadequate investment in ecological infrastructure has led to a
worsening environmental crisis, in which critical ecosystem services have been and are being lost in many
regions across the globe. For example 60% of ecosystem services examined by the Millennium Ecosystem
Assessment in 2005 were found to be degraded (http://www.millenniumassessment.org/en/Index.aspx).
Some world famous examples of the kind of environmental degradation resulting from a failure to
understand and invest in ecological infrastructure include Lake Chad, the Aral Sea and Easter Island.
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In practical terms, investing in ecological infrastructure should include objectives, actions and outcomes
aimed at identifying those areas that are most suitable for development, with a primary focus on the
regenerative capacity of natural systems to continue to support human socio-economic requirements.
Sufficient investment in ecological infrastructure will therefore involve strategic and targeted investments
aimed at:

« gaining a better knowledge of the structure, function and processes of ecological infrastructure

« the restoration of degraded or degrading ecological infrastructure, and

« maintaining the resilience and regenerative capacity of ‘undisturbed’ ecological infrastructure’ in

the case of future developments.

We may also need to find a way of enhancing the capacity of ecological infrastructure if we continue to place
ever-increasing demands upon it.

Enhancing ecological infrastructure: Understanding and investing in soils

Soil is a primary ‘filter’ of the world’s water and through this plays a critical and valuable role in
determining the quality and quantity of groundwater and surface water (Clothier ez al. 2008). It is the size
and shape of soil pores and their connectivity that either enhances or curtails the capacity of soil to buffer
and filter, so understanding and investing in soils to ensure beneficial soil structure is critical. Clothier et al.
(2008) demonstrated the importance of this and suggested that macropores which support preferential flow
and transport underpin 12 of 17 ecosystem services provided by soils. Jarvis (2007) provided an extensive
review of the principles and controls on preferential flow and transport in soil. Clothier ef al. (2008) then
estimated the global value of the ecosystem services provided by the soil’s macroporous infrastructure to be
some US$304 billion per year.

Given the significant value of these services provided by macropores, it is critical that we increase both our
understanding of, and the investment needed for initiating and sustaining soil macropores. A prime way of
achieving this is through carbon investment in soil. Potentially this is a win/win situation: improved
ecological infrastructure and carbon capture and storage. Robinson ef al. (2009) have highlighted the need to
improve understanding and definition of soils’ ‘natural capital’. Their definition recognises the quantity,
quality and dynamic behaviour of the various components making up the soils’ natural capital, but appears to
differ somewhat from our definition of ecological infrastructure in that it does not highlight issues of
‘connectivity’ as a key component of natural capital. Nevertheless, it is a major step forward in highlighting
the need for more work on understanding those aspects of soils — their ecological infrastructure — that
supports the delivery of ecosystem services. Figure 2 shows X-ray tomographs of two identical soils from
neighbouring orchards (genoforms). Different carbon-investment strategies used in these different orchards
have changed the ecological infrastructure (phenoforms) of the soils. Consequently, the two formerly
identical soils now perform quite different ecosystem services due to the altered macroporous infrastructures
and connectivity within them.

Top of the sample .
Typical macropore

structure of the
organic orchard

Typical macropore

T2 structure of the

integrated orchard

Center of the sample

+ Macroporosity: 8.3%

Bottom of the sample

Figure 2. The X-ray tomographic images of two identical soils that have undergone different carbon-investment
strategies, resulting in a different ecological infrastructure with relation to macroporosity

! All ecological infrastructure has now been disturbed, at least to some degree, by human activities, for example global
climate change
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The results of these different carbon investment strategies show that investing in ecological infrastructure
can increase the ecosystem-services and hence the benefits provided by soils. This research is focused only
on a particular component of soil infrastructure, but the findings highlight the potential benefits of improving
our understanding of the structure and function of ecological infrastructure and investing in it.

Conclusions

Ecological infrastructure underpins the delivery of ecosystems services required by natural systems for their
survival, and mankind for human well-being. We have argued that growing populations will require an
increase in the capacity of existing ecological infrastructure if present living standards are to be maintained
and improved. But while investments in built infrastructure have been ever-increasing, we have not been
investing sufficiently in our ecological infrastructure.

Soil is a critical component of ecological infrastructure and this paper reveals how soils’ production of

ecosystem services can be enhanced through carbon investment strategies. The next challenge is to

« further develop our understanding of the soil’s infrastructure and particularly connectivity, and

« use that understanding to implement appropriate investment strategies in ecological infrastructure to
ensure delivery of the range of ecosystem goods and services humans depend upon, many of which are
currently taken for granted.

References

Australian Government Treasury (2004) ‘Access to essential infrastructure. Australian Government National
Competition Policy Annual Report’ (1 April 2003 — 30 June 2004).

http://www.treasury.gov.au/documents/945/HTML/docshell.asp?URL=National Competition Policy  AR-
05.htm

Clothier BE, Green SR Deurer, M (2008) Preferential flow and transport in soil: progress and prognosis.
European Journal of Soil Science 59, 2—13.

Costanza R, d’Arge R, de Groot, R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O’Neill RV,

Paruelo J, Raskin RG, Sutton P, van den Belt M (1997) The value of the world’s ecosystem services and
natural capital. Nature 387, 253-260.

Jarvis NJ (2007) A review of non-equilibrium water flow and solute transport in soil macropores: principles,
controlling factors, and consequences for water quality. Furopean Journal of Soil Science 58, 523-546.

Postel S (2008) The Forgotten Infrastructure: Safeguarding Freshwater Ecosystems. Journal of International
Affairs 61, No. 2.

Robinson DA, Lebron I, Vereecken H (2009) On the Definition of the Natural Capital of Soils: A
Framework for Description, Evaluation, and Monitoring. Soil Sci. Soc. Am. J. 73, 1904—1911.

© 2010 19" World Congress of Soil Science, Soil Solutions for a Changing World 16
1 — 6 August 2010, Brisbane, Australia. Published on DVD.




<<
  /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
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


