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Outline of Tonight's Remarks

1. Looking back and looking forward: why a long-
term study?

2. Human systems transforming Hawair'i Island
1. Agriculture

2. Urbanization
3. Transportation infrastructure 0 ?
4. Tourism

3. Long-term impacts — the case of biodiesel

4. Study challenges and caveats
5. Program plans and concluding thoughts
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Reflecting on the past - four historic
transitions and four historic icons

Ahupua'a to 1840s traditional 7 <4
land ownership T

U.S. ceded territory 1898- 1959w .
land divided between federal™ gat e st



The modern island context

 Modern transportation and open
migration have made geographical
boundaries more permeable and
iIncreased the connectivity of islands to
the rest of the world.

 Still, islands face limits especially:
— Resource availability & security
— The assimilative capacity of the environment
to absorb harmful impacts.

So: bounded systems in many respects S
(but not all!), islands present a dynamic, - /&
manageable unit of study, but with iy
significant sustainability challenges.




Envisioning the future on Hawai'i Island
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Alternative Future With Concerted Action
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Summary of Wedges
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County has already adopted an orientation
to long-term goals and objectives

3 broad areas

* Environment
* Economy
« Community

/7 indicators
defined and
being tested




Other inspirations for our long-term study:
e 072 D1 Keellng and Mauna Loa
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Ecosystem Pattern and Processes Ecosystem Functions
& Services

* Forest production
Biota XXX G Water quality
4 : r 4

re Water quantity

Trace gas fluxes

Soil C storags
Biodiversity maintenance
Landscape diversity

Atmosphere

Conceptual diagram
of the Hubbard Brook
Ecosystem Study
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Trends in concentrations of Pb in precipitation and forest floor at the Hubbard Brook
Environmental Forest. The decline in concentrations of Pb since the mid-1970s is
consistent with lower Pb emissions due to changes from leaded to unleaded gasoline



The Program

To build on our strong relationships and
engage Hawal'l Island:

— as a long-term research site (at least two
decades);

— to study how human actions influence resource
stocks, flows, use, and loss;

— historically, currently, and prospectively, as the...



Recasting several successful elements
from Mauna Loa and Hubbard Brook

« a system followed in detail over an extended
period of time, adding socioeconomic
parameters to biophysical ones

 the idea of a system sufficiently contained so
that inputs and outputs could be quantitatively
determined, although this is more challenging in
a human/industrial setting.

 rather than conduct experiments, emphasize the
observation of approaches being implemented
on the island to determine best practices e.g. in
construction or biofuel development or tourism.



How will this study differ from others?
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Industrial Ecology ...Iooké at human/industrial
systems in the context of their natural surroundings



Industrial ecology provides ideas,
methods, and tools that provide a
strong foundation for this work...

Industrial ecology is the study of the flows of

materials and energy in industrial and consumer
activities, of the effects of these flows on the
environment, and of the influences of economic,

political, regulatory, and social factors on the flow,
use, and transformation of resources.

Robert White
The Greening of Industrial Ecosystems 1994



Moving from Linear
to Circular Flows
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How we got here: Partnering with the Kohala
Center and the County on Industrial Ecology

ANALYSIS AND RECOMMENDATIONS FOR
THE HAWAI‘l COUNTY ENERGY

SUSTAINABILITY PLAN
OCTOBER 3, 2007

Historical Future

By Michael Davies, Claire Gagne, Zeke Hausfather, & Dawn Lippert
Project Manager: Jeremiah Johnson, Ph.D.
Faculty Advisor: Marian Chertow, Ph.D.

Yale School of Forestry and Environmental Studies
Research conducted for The Kohala Center, Kamuela, Hawai®i and

the Hawai‘i County Department of Research and Development
Prepared for and Funded by the Hawai‘i County Council




Human systems transforming
Hawai'l Island

1. Agriculture

2. Urbanization

3. Transportation infrastructure
4. Tourism
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Statewide shifts in agricultural land use

Industry Composition in Hawaii’s Agriculture Sector: 1960-2003
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Source: Junning, Cai and Leung, PingSung. Growth and Stability of Agricultural Production in Hawaii: A Portfolio Analysis. April 2006.
University of Hawaii at Manoa: College of Tropical Agriculture and Human Resources Cooperative Extension Service. Available from:
http://www.ctahr.hawaii.edu/oc/freepubs/pdf/El-9.pdf.




Kona Coffee Farm Production 1946-2003
tracing through the result of
land use decisions
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Urbanization:
The Growth of Kailua/Kona
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Transportation

Kailua Transportation Network
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Hawai'i Department of Business, Economic Development, & Tourism
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Metabolism of the tourist industry:
Daily Resource Requirements/ Guest

Table 1: Summary of Infrastructure Demand, Residents and Visitors

Solid Hwy (as

Water Sewer Electric Uttlity Gas ~~ Waste & Diesel
Total Demand (m gal) {m gal) (GWh}) (mmBtu) (mlbs)  (m gal)
Residents 61,429 33,587 3,253 1,287 940 24232 3537
Visitors 11,856 §,022 1.944 1,521,257 421.3 52.1
Daily Per Capita
Demand (gal) (gal) (K'Wh} mmBtu (Lbs) (gal)
Residents 138.9 75.9 1.9 (.003 3.3
Visitors 206.7 139.8 313.9 0.027 7.3

Planning for Sustainable Tourism, DBEDT 2005, Modeling Report Summary






Key issues when assessing impacts and
viability of biofuel/biodiesel production on
Hawal'l Island

* Water use

* Land use

* Energy inputs

* Lag time to production

* Uncertainty of crop yields
» Genetically modified organisms
* |nter-island competition




Feedcrop selection —
From many to few

O n
z 9
n
O 5
> -
£0

Copyright © 2007 Jatropha.org.nze.




Highest

Preliminary findings =%

Lowest
conversion rate

Scenario #2 Scenario #3

]

372,540 - 606,000 acres 8,090 - 67,420 acres 190,315 - 336,710 acres

Source: Yale F&ES — M. Fischer, F. Samuel, H. Sugano , S. Yong, 2009



Challenges | — Complex adaptive systems

Dynamic network of multiple agents interacting (acting
and reacting) with decentralized control

System adapts to both external forces (climate change,
rising oil prices) and internal forces (abundance of prey,
legislation banning plastic bags)

Examples — Ant colony, transportation network,
governments, food production/distribution system

The case of the food SyStem (http://www_.trojanmice.com/index.htm)
- 10 day food supply for Hawar’i
Island
- But: no food plan, food manager or
other controlling process. 7 BB
- Self organizing system of many

components constantly adapting to
the overall environment

-Even an individual food shop is
itself a system with many parts




Challenges Il: Black Swans

* Black'swan:-a highly: |mprobable event W|th
three principal CharaC‘r?Eﬁé‘zBGS SR e
— It is unpredictable; “L”“" 5 o
— It carries a massive mfpeict and,

— after the fact, we concoct-an explanation that
makes it | "a ar less random, and more
predlctabl',_,: han it was.

Examples — Google 9-11, volcanoes the
collapse of sugarcane the non- Imear rise in
population and real estate pfices .

The Black Swan: The Impact of the Highly Im“probable, N. Taleb, 2007




Some useful tools I:
Land use/satellite image analysis

Can you analyze this appropriately “East-\West”
satellite image from earlier this year?



Some useful tools II:
Material Flow Analysis
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Some useful tools IlI:
System dynamic modeling
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Some useful tools IV:
Agent-based modeling




Steps for organizing the study

 Summer plans —
— Social ecological issues
— First look at protocols
— Examine grant opportunities

* Scope organizational issues with the
County and the Kohala Center



Mahalo and Discussion

marian.chertow@yale.edu




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


