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Abstract: This paperpresentsan approach in suppodf spatial planning for renewable
energy at the regional level. It aiftsestablish an elaborate and informative procedure, as
well as integrated quantification and visualizafida support decision making. The
proposed approach is composed of a set of sequential steps that include primary energy
consumption estimation, renewable energy potential estimatioergy seHsufficiency
analysis and composite map preparation usinga@aphic Information System (GIS)

GIS is used to analyze solar, wind, biomass, geothermal, and-bgaser potential within
FukushimaPrefecture, Japan. Potential sites degermined based on geographic, topographic
and | and use c o omlatomandforest radibtioralevelseaee ssigecifipally
considered in the context of consequent issues emanating from Fukushima Daiichi nuclear
crisis. Energy selfufficiency analysis has been conducted for years 2020 and 2030.
A composite map showing pattial sites and their interrelatido the above renewable
energy resources has also been presented. These resulssippayt decision making in
regional renewable energyanning,by providinginformation onregional potentials and
restrictions to different energy stakeholders. This can help to build erergy
developmental vision, which catnive regional energy development towards sustainability.

The proposed approach can also be applied to other Japanese municipalities or regions.
It provides arexample on how to establish local GIS databases through the utilization of
various online open GIS resourdeslapan.

Keywords: spatial planning; renewable energy; sustainability; Glushimaprefecture




Sustainability2014, 6 2088

1. Introduction

Renewable Energy (RE) rsceiving increasing attention for itdean, green, and safe characteristics.

It drives the energy structure towards a sustainable igvptoviding a sustainable approach to energy
generation1,2], and contributing to mitigation of the greenhouse effedhenlong term [3]It also
plays a vital role in the overall sustainable developnstrategy[3,4]. The spatial distribution of
Renewable Energy Sources (RES) is strongly affected by geographic and topofgretoinscsuch as
altitude, climate, and termiconditions [5]. Thus, exploration and supply of RE take place at the local
or regional levels[6,7]. These features also shape RHpply networksto be distributed in
decentralized forms, that consequently miieeplanning of RE concentrated a detaiéd scale.

Geographic Information Systen(GIS) have proved to be a useful tool for regional RE potential
estimation[8i 10] and support for decision making in energy planind112]. This is due taheir
flexible data management and spat&hporal analsis capability. Furthermore, the visualization
function of GIS can connect statistical analysis with visualized spatial data in the integrated RE
planning approach. Such visualization maps may make it easy to understand pfanrpogcy
makers, privaténvestors, and citizens. It also provides a platform for information sharing and planning
participation through Webased G1313,14].

At the regional level, several traditional techniques have been applied in RE planning. These
include MultipleCriteriaDecision Analysis (MCDA) [1620], Delphi surveys [2123], and participatgr
approach 24]. There are alsa few methodologies and empirical studies on RE planning in literature.
Terradoset al.[20] proposed a combined methodology for RE planning; a hyomeposed of SWOT
analysis, MCDA and Delphi methods. Sarafid al. [6] established a planning approach for RE that
compared energy demand estimation and RES potential estimatimentify the most effective
exploitation of RESn the study regions. i@ege [25] introduced a framework and several tools to help
in building a renewable energy system at the city scale. In plapnaugice, an aim to achieve 100%
energy seksufficiency through RE supply has been a common trend among European mungipalitie
Some of them such as Mauenheim (Germany) and Gussing (Austria) have achieved or will achieve
energy autonomy in the coming decade [26]. Nevertheless, RE planning application Haseoftimited
to district [27], community, or city scale [28]. Previotesearch has focused on estimafitri0,29
and mapping [30] of RES, whereas energy -sefficiency analysisbased on demarslpply
prediction at the regional levehs been lacking.

The Japanese Government i Ss ue @010. Ore ofntefiwe NnfaiB a s |
targets was a proposal to increase the proportion of zero emission electricity power (nuclear power anc
RE) to 70% of the total electricity generation by 2(Q3Q]. To achieve this target, RE was to be
increased from @i 9%, and nclear power from Z&i 50%. However, the Great North Eastern Japan
Earthquake on Marchi1l, 2011, and the consequent Fukushima Daiichi nuclear crisis evoked great
concerns on the safety of nuclear power worldwide. Accordingly, this has led to difficulfieshier
promotionof nuclear power, in Japan. In this context, the Feebariff (FIT) of RE was announced
and started in July, 2012, and i s exXprukushend t o
is the prefecturemost affected by the nucleanrisis, itsgovernmenthasrealized the urgent need to
develop clean, green, and safe RE to drive its energy structure into a safepor@ndelfsufficient
status. Renewable energy, therefore, may play an important role in theapthsfuake reconstruch
and economic growth in Fukushima prefecture in the coming decades.



Sustainability2014, 6 2089

This studyproposed GlSbasedntegratedapproacho estimateenergyself-sufficiencypossibility
at the regionallevel, based oprimary energyconsumptiorand availableRE potentialestimation It
aimedto establishan elaborateand informative procedure aswell as integratedquantificationand
visualization tosupportdecisionmakingin RE spatialplanning The proposedapproachs composed
of a setof sequentialstepsthat include primary energyconsumptionestimation renewablesnergy
potentialestimation energyself-sufficiencyanalysis and compositemap preparatiorusing GIS. This
approacltakesa stepfurther from previousworksthatonly dealtwith GIS-based RE potentigstimation
or site selection It takesinto accountthe future of energyself-sufficiency possibilities and multiple
RES potentiakitesanalysisat the regionallevel usingGIS. We havealsosuggestedhe integrationof
spatialplanningconceps into this approachand put emphasion severalguidelineswhich should be
consideredn the RE spatialplanning process We appliedthis approachin Fukushima Prefecture,
Japan becauseof the planningneedsto supportthe prefecturalfuture RE developmentaision for
2020and2030.The proposedapproackmay help with decisionmakingin supportof the RE planning
process This is throughthe provision of quantificationand visualization ofinformation on regional
potentialsandrestrictions to differentenegy stakeholdersuchasthe energypolicy makersandlocal
authorities Moreover, the approach presented in this study can serve as an example applicable in othel
Japanese municipalitiés help in building a safer and sustainabilergy system.

2. Planning for Renewable Energy:A Chance for Spatial Planning?

Spatial planning is considered aa complex systenfior organiang the development of physical
space aiming tomediate the relationship betwegpatial developmerandsocial,economicas well as
ecologicalrequirements32). It usuallyembracedand use planning and relevaniblic policy. In one
of the earliest description of spatial plannirigjropean Conference of Ministers responsible for
Regional Planning (CEMAJTstatedthe following. Satial planning gies figeographic expression to
the economic, social, culturand ecological policies dhe society. It & scienfific discipline, an
administrative technigyeind a policy developed as arterdisciplinaryand comprehensivapproach
directed towards balamg regional development and tipdysicalorganizationof space according to
an overall strategy(The European regional/spatial phemg charter adopted in 198[33].

Healey B4] pointed outhatspatial planning systemsaried due todifferentstyles of administration
and government, as well abeir consequent pioy tools, institutional arrangements and their
personnelCommissionof the European Communitie89 described spatial planning as the method
used largely bythe public sector to influence the future distribution of activities in space. It is
undertaken with the aim of creating a more rational territorial organization of land uses and the
linkages between thenThis includes the ainto balance demands for deppiment with the need to
protect the environment, and to achieve social and economic objetineshita[36] argued that
spatial planningshouldhelp in implemening long term, economical, and harmoniouse of space
betweerhuman beings anithe physicalenvironmentKoresawa and Konvitg37] indicated thaspatial
planning identifies long and medium term objectives and strategies for territories, dealing with land
use and development asggovernment activity They also stated that ibordinaes sectoralpolicies
such as transporggriculture,and environmentFurthermore,Alden et al. [38] statal that spatial
planning is a concept wider than lanse planningThemain features of spatial planniageits close
relationship with landise and physical planning as well associal environmentagl and policy
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developmentlts other features inclueresource and investment distribution, collaboratwith the
public and citizes, andproper evaluation.

Although there is nauniversally accepteddefinition of spatial planning, we carentify some
characteristicérom the above descriptiongl) Spatialplanning worls closely with land use planning,
but spatial planning concept is wider than land use planfihg is becausg2) spatial planning
integrates with comprehensive approaches that sw®al, economicand ecological requiremernts
(3) Spatialplanning fong term objective iso organizephysical spaces for harmoigtweenhuman
beings andthe environment, andcreate sustainable spatiadevelopment (4) Spatial planning
represents different administration and government stged, often involvespublic and citizen
participation inthe spatial planning process.

European Union (EUmember states adoptdle European Spatial Development Perspective
(ESDP) in 1999 ESDP providel the essential instruments for tramstional andcross border
co-operationfor spatial planning in Europen 2007 the Territorial Agenda of the EWvas adopted to
supplementESDP. Itimproved the integrated spatial policy for the EU member states. According to
Kinoshita [39],impacts from political intervention and existing policies such as the agricultural land
conversionpolicy, results in a weak binding force of land use plannindapan, making it vulnerable.
Furthermore, conservation plans for natural resources, such as landscape planning that comprehensive
focus on land use, bidiversity, history, and culture havet been integrated into the Japanese land
use planning systenBecause Japanese Landscape Law was only legislated in 2004, it may take a long
time to integrate the landscape view of point into land use planning. Therefore, a comprehensive
spatial planning system has not been established in Japan yet.

Japanese rurareas are now facing aging and depopulgbiablemsbecause young people tend to
gravitate towards urban areas. This brings more population pressure and land scarcity to urban area:
Under the concept of sustainable development, new approaches to redeksigstructure urban areas
have been undertaken at all spatial scales from the regaityalcommunity to the building levels; in
areas such as passive solar design [40]. There is high energy demand and consumption in urban arec
but it is difficult to install large scale RE facilitiea these areas due land limitations. In contrast,
rural areas have a high potential of available land agricultural residues, which provide more
possibilities for RE development. Jbreated by local RE developnigd1,42] can help to bring a
young populatiors back to rural areas. Electricity salesnincreasdocal income, and enhandecal
energy selsufficiencythat can keegapital in local areas [26].0 improve energy seBufficiency at
the regional scaleghe key point should be to address the energy demmapply mismatch between
urban and rural areas. Thus, consciousirep$éanning for energy demand and supply between urban
and rural areas is important at the regional s@steording to GrelRegamey ath Crespo [43], spatial
planning role in urban and rural planning is that it seeks to regulate demand for land resources with a
view to securing the webeing of urban and rural communitiddnlike general energy or urban
planning,spatial planning aims torganize future activities distribution in the physical environment.

It mainly deals with the relationship between physical land uses, social, economic, and the environmental
requirements for the future societye argue that some basic concepts of apalanning, such as
spatial organization for future sustainable development, consideration for balancing spatial
development with social, economic, and ecological requirements are applicdabhie RE planning

field too. The full introduction of GlSbasedapproachin supportof spatial planningor RE hasnot
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beenwell utilized until now, mainly due tolack of multidisciplinary knowledge anknow-how
betwea spatialplanning and energglanningfields

3. Proposalfor a New Spatial Planning Approach for Renewable Eergy

In this context we proposedan approactho elaboratantegratednformationfor decisionmakingin
supportof RE spatialplanning at the regionallevel, taking into accountthe possibilitiesfor future
energyself-sufficiency. The proposedapproachs composedf five mainsteps:

(1) Primary energgonsumption analysis.

(2) RE potential estimatiantheoreticalpotential estimation anavailable potetial estimation
(3) Energy seklsufficiency analysis.

(4) Compositanappreparation.

(5) Decision making support in RE planning.

The procedur¢o implement the proposed approach is described step bjrateBections 5115.5,
Figurel shows thdlustration of the approacframework

Figure 1. ProposedapproacHramework
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4. Study Area

Fukushimaprefectureas locatedin the rortheastermegionof Japanabout200 kmnorth of Tokyo.
It coversanareaof 13,782 ki, with apopulationof 1,946,526 (2013)The prefectures dividedinto
three main regions From westeastorder, they are (1) Aizu region that includesAizu and Minami
Aizu areas (2) Nakadoori region that includes Kenpoky Kenchy and Kennan areas and
(3) Hamadoori that includesSosoand Iwaki areas Aizu region hashilly topographyandis mostly
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forested Nakadoori and Hamadoori have a flatter topography, withmost of the populationand
built-up areasdistributedin theseregions Both densely populatedrbanareasand depopulatedural
areascoexistin the prefecture

Fukushima Prefecture was heavily damalggthe Great North Eastern Japan earthquake of March 11,
2011, and the consequent Fukushima Daiichi nuclear criserge areaf Fukushima have been
contaminatedby radioactiveparticles Areas with highradiation levels have beendesignated as
evacuation directed areas, such as Futaba and Namies. tdlvare were about 150,000 people
evacuated isideor outsideof Fukushima prefctureafter the earthquake andclearcrisis.

In order to develop a safer and environmefrtahdly energy supplyystem, Fukushima Government
is currently putiing effortsin RE promotion This has been considered as one of approachego
support postearthquake reconstructioftom 20092020, he governmentas proposdtheincrease of
total solar panel capacifyom 3891 1000MW, wind turbine capacity from 68 2000MW, hydro-power
plant capacity from 39781398 MW, biomass electrity capacity from 66/ 360 MW, and
geothemal plant capacity from 657 MW [44].

Fukushimanow hasseveral types of RE facilities. Tha&ycludewind turbines, solar PV (household
and megsasolar), solar heating, biomass (electricity and heat), hgdwer, geothermal, bio fuel, and
natural gas cgenerationThereexisted nocomplete GIS data for all tHeE facilitiesin Fukushima
hencewe gatheredheir details (capacity, year among others) from different resources. They included
wind [45], solar PV megaolar [46 48], biomass [49], hydrpower [47,49], geothermal [49], biofuel [49]
and natural gas egeneration 49]). Thenwe created point data for current Ré&cilities in GIS. We
also derived a grid and substatiormap based ornformation from online RE potential database
provided by Fukushima Governmd#®)]. Figure?2 illustratesdifferent regionsas well agpower plants
and grid in Fukushimprefecture.

Figure 2. Regions, power plantand grid network in Fukushima.
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5. Case Study:Methods Datasets
5.1. Primary EnergyConsumption

In the energyplanningprocess, eergy consumptioranalysis is fundamentaEnergy consumption
is usually summarizedin two forms primary energyconsumption,and final energyconsumption
We choseto analyzeprimary energy consumptiobecause of complexity and datearcityfor final
energy consumptiortalculatiors. The primary energy consumptiorfGJAean was multiplied by
primary energyconsumptiorper persor{GJ/per persory population seeTable 1

Table 1. JaparPrimary Energy Consumption and Populatin2010,202Q and 2030.

Japan 2010 2020 2030
Total Primary Energy Consumptio&(] 501Mtoe @ 491 Mtoe 482 Mtoe
Total Population%1] 128,060,000 124,100,000 116,620,000
Primary Energy Consumption/person 3.9toe/person 3.96toe/person  4.13toe/person

@ toe:tonne of oil equivalent. ioeU 41.87 GJ.

We obtainedGIS populationdata (2010)or Fukushima from Japan Government StatistEg.[
The populationdatais containedin submunicipal émall regionsthat constituteone municipality)
level, seeFigure 3.We downloadedthe original datafor eachmunicipality in Fukushima,andthen
mergedall themunicipalite® dat a i nt o o0 ne pépuldiondatausmgpArc@l® Bfle c t u
(hereinreferredto asGlIS).

Figure 3. Fukushima ppulatian (2010)presened by dot density
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The above population data was for year 2010, but there was a lot of populationmovementin
Fukushimadueto the greatearthquakef 2011. Togaina moreaccuratduture populationprediction
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we calculatedthe populationby the endof 2011, whichformedpopulationpredictionbasis Two main

populationmovementswvere consideredvoluntarye v a ¢ pepelaid@noutsideevacuationdirected
zones andthe populationinsideevacuatiordirectedzones By September 2011, thenere50,327people

who had voluntary evacuationfrom unevacuationdirectedzones Of them, 23,551 had evacuated
within Fukushima,and 26,776 outside of Fukushima. Theravere 100,510peoplefrom evacuation
directed zones 70,817 of themevacuatedwithin Fukushimawhile 29,693 evacu#ed outside
Fukushima $3]. We correctedpopulationdatafor 2011 asfollows. For the populationof voluntary
evacuationfrom unevacuationdirectedzones we subtractedhe numberof peopleevacuatecbutside
Fukushima total 26,776) based oeachmunicipalityd soluntary evacuationnumber[53]. For the

populationfrom insidethe evacuatiordirectedzone we first editedthe populationto zero (0) inGIS.

Then we addedthe numberof people evacuatedwithin Fukushima tbtal 70,817) to urevacuation
directedzonesbased oreachmunicipalityd svacuatiorentrantg53]. The evacuationdirectedzoneis

boundto changein the future In October 2013, Japanese Ministry of Land, Infrastrucitnansport,
and Tourism revised the boundary of evacuatedzones and classified it into three categories
(1) Difficult to returnzone (>50 mSvyear, 5 yearslater, air doserate will still be >20 mSWeal);

(2) Habitationrestrictionzone (>20 mSvyear, after planneddecontaminationaiming to rebuild the

communityseveralyearslaten; (3) Zonepreparingfor lifting off the evacuatiordirective (<20 mSyear,

aimto recoverassoonaspossiblefor restoratiorandreconstructionresidentsexpectedo return) [54).

In this study, for the difficult to return zone we assumedhat 0% of the residentswill return by

2020 p4] andthat 20% ofthe residentswill returnby 2030.For the habitationrestrictionzone we

assumedhat 40% of residentswill returnby 2020,and60% by 2030For zonepreparingto lift the

evacuabn directive,we assume®0% oftheresidentswill returnby 2020,and80% by 2030[55].

After the abovecorrectiors, we estimate the populationfor Fukushima by year2020 and 2030
Population in Fukushima willlecreasdy about7.52% by 2020 compadto year2010,and byabout
1699% by 2030 compadto that of year2010 p1]. We calculatedrukushim@& populationby 2020
and 2030 based on the abaates ofdeadea®. Then we calculatedthe primary energy consumption
based orthis population predictionWe consequently converted the results intd B0mesh data using
GIS as follows. We first calculated population density for municipalities using the Field Calculator in
GIS. Secondly, we did a spatial join of the population dersity the Japanestandard 500n mesh
(as the background layer). Theme calculated the population in all 509 meshes by multiplying
population density with area using the Field Calculator.

In this study, we used Japanese Mesh System that has uniform geographic paositspecific
mesh ID p@]. In this way, we ensured uniformity of mesh position for further GIS analysismEséa
system is in five mesh levelS{]. They are(1) Primary region partition mesh (Longitude interval: 17
Latitude interval: 4Qjthat has appximately & km x 80 km squares (2) Second region partition
mesh (Longitude interval:ISPNjNatitude interval: §lthat has approximately0lkm x 10 km squares.
(3) Standard region partition mesh (Longitude intervaNj#&titude interval: 3Qjthat fas approximately
1 km x1 km squares, herein referred toJapanese standarcktn mesh (4) Half of standard region
partition mesh (Longitude interval: 22jfiNgtitude interval: 1Bljthat has approximately 500 m x500 m
squares, herein referred toJapanese standard 500 m mesh. (5) Quarter of standard region partition mesh
(Longitude interval: 11.29)Natitude interval: 7.Blthat has approximately 250 x 250m squares.
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5.2. Estimation olRenewable Energlotential

At theregionallevel, typesof RESvary dueto differentenvironmentatonditions In this study, we
focusedspecificallyon wind, solar, biomass, geothermaind hydro-power becausehey arethe five
mainrenewablaesourcesn Fukushima. Afirst, theirtheoreticalpotentialwasanalyzed andthenthe
availablepotential. Theoreticalpotentialis definedasthe maximum potential of a RES in aegion
with no environmentabr social constraintsconsidered7]. Available potentialis definedas harvestable
RE potentialafter consideringiechnica) environmentaland sociceconomicconstraintsit forms part
of theoreticalpotential. The estimationmethodsfor theoreticaland availablepotentialsare explained
asfollows.

5.2.1. SolarPhotovoltaic

The estimation for the solquotential was calculated based on climate data(polygdm Inesh)
which includes information on average annual solar radiation (pempdayided by Japanese Ministry
of Land, Infrastructure, Transport and Touri§b8], see Figure 4We calculatedthe solar potential
within a new fieldusing the Field Calculatas follows[59]:

Y Y o@ulY - (1)

whereS is solar potential iMJiear, S, is theaverageannualsolar radiation per day in MJfm365 is
the total days for one yea®; is the geographic area in’mt| is theenergy efficiency factoof solar
PhotovoltaigPV) panel, and weetd as12%]60].

Figure 4. Averageannualsolar radiationin Fukushima (km mesh).
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The exploitation ofavailable solar resourcesvas doneonly for Megasolar pver 1 MW) farm
installationsin this planningapproachbecausegeneralhousehold PV pangkcanbe installed on any
rooftop in FukushimaFor megasolar farm, available sites were selected basebeofollowing criteria:

Non-urbanized areas or industrial areas in urbanized areas.
Slope: @4i 2.5%, any aspect; 24 15%, soutkfacing aspectd].
Exclude superior agricultural areas, protected forest areas, natural preservation areas, nationa

Un-available land useice fields,built-up areas, roads, railways, rivers and lakes, beagbks,
courses, and others (airports, artificial landfill areas among othfrajlable land uses: other
agricultural area#fruit orchardsamong others¥orests,andbarren land$61].

Minimum available land area of3Lha[46].

A summaryof GIS dataresourcesve usedfor solarpotentialestimationis asfollows. Fukushima
municipal boundary(polyline, 1:25,000)btainedfrom Geospatial Information Authority of Japas?].
Climate (polygon, 1 kmmesl), topography (polygon, 500 mmesl), and designatedarea(polygon,
1:50,000).Land use 2009 (polygon, 100 nmesl) dataobtainedfrom the national land numerical
information download service provided by Japanese Ministry of Land, Infrastructure, Transport
andTourism[58].

5.2.2. Wind Energy

We only found500m meshwind speed datéat the height of 70m, with geographicoordinats) in
f.dab format[63]. Thereforewe first created fishndtased onlapanese standard®th mesh Then
weopenedi. dat 06 data usi ng ddded alldthevind Speedataacedrdin@téthed a n
ID of each mesh in fishnetespectively Finally, weconverted itintoi . dbf 0 f or mat usi
Access 2010 and updated the original fistinet d b f by replazihgat with the new one, see Figure 5
Currently, there are 80 wind turbines in Fukushima with 70 of them haviagazity of 200kW and
90 min blade diameter that we have used for estimation in this stixdypotential of wird powerwas
calculatedwithin a new field using the Field Calculai follows [64]:

1 & 0D PYx ¢ Q 2)

whereQ is thewind potential in kWhyear, F is the total number of wind turbines that can be possiily
Fi(Vi) is the annual occurrence frequency of wind s@ed760 is the total number of hours in one
year,andPii s o n e wBautgutibh kW underrdiéfeent wind speefddlowing its output curve.
Wind turbines especially tk big ones (>000 kW) areusually set at a distance of 10 times blade
diameterg10 D) apartbased on wind flow and turbine efficiency considerafidius one wind turbineat
leag takes about an area of (D)?. F can becalculatedby thetotal geographic aredivided by(10 D)2
For theavailable wind potentiathe criteria to select suitable sites are proposed as follows:

Wind speed 6.0 nvs at theheight of D m[6,7].
Altitude < 1000 m[67 7,10,61.

Slope< 20° [61].

Non-urbanization aref61].
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Exclude superior agricultural areas, protected forest areas, natural preservation areas, nationa
parks (special preservation areas), landslide areasyifdide conservation areaassigned by
relative laws in Japaj61].

Buffer distances: cities and towrs2000 m [65], villages> 500 m [61,65,64, water bodies

and wetlands 00 m [9], ecological sensitive areas1®00 m [9,65], airports >2500 m [7],
historical areas 2000 m[7,65,66].

Unavailable land usesice fields,built-up areas, roads, railways, rivers and lakes, golf courses
andothers (airports, artificial landfill areas among othefsiilable land usesother agricultural
areaqfruit orchards among others), forests, barren lands, and beaches [61].

Figure 5. Wind speed in Fukushima (B0nmesh, atheheight of D m).

GIS resources used weFelkushima municipal boundary, topographgsignatedarea, and land
use datasetshe samave used for solar potential estimation in Section 5.2.1. Wind speed data (in the
form of A.dab files, convertedo GIS mestpolygonas mentioned above) atitkir annualoccurrence
frequency (bar graph) webtainedfrom the local areawind energy prediction systemprovided by
New Energy and Industrial Technology Development Organization (NEBG))

5.2.3. Biomass

Biomass resources wergassified into two categories:wood biomass andresidue biomass
(agriculturl residus and animal waste amongptherg. For wood biomass estimation, we used the
dataset created YEDO [67], which include annualforest growth data idapanese standatdkm
mesh see Figure 6Then we estimatedhe potential ofwood biomasswithin a new field using the
Field Calculatobased orthefollowing equation59]:

1 3 vnn# - ©)



