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Abstract—This study focuses on an eval uation of Hokkaido which
isthe northernmost and largest prefecture by surface areain Japan and
particularly on two points: the rivalry between al kinds of land use
such as urban land and agricultural and forestry land in various cities
and their surrounding areas and the possibilitiesfor forestry biomassin
areas other than those mentioned above and grasps which areasrequire
examination of the nature of land use control and guidance through
conducting land use analysis at the district level using GIS
(Geographic Information Systems). The results of anaysis in this
study demonstrated that it is essential to divide the whole of Hokkaido
into two areas. those within delineated city planning areas and those
outside of delineated city planning areas and to conduct an evaluation
of each land use control.

In delineated urban areas, particularly urban areas, it is essential to
re-examine land use from the point of view of compact cities or smart
cities along with conducting an evaluation of land use control that
focuses on issues of rivalry between al kinds of land use such as urban
land and agricultural and forestry land. In areas outside of delineated
urban areas, it is desirable to am to build a specific community
recycling range based on forest biomass utilization by conducting an
evauation of land use control concerning the possibilities for forest
biomass focusing particularly on forests within and outside of city
planning areas.

Keywords—Land Use Control, Urbanization, Forestry Biomass,
Geographic Information Systems (GIS), Hokkaido

[. INTRODUCTION

LTHOUGH land pricesin Japanese city centers have been

in a downward trend in recent years, they are still higher
than those in peripheral areas and issues concerning land use
such as the difficulty of securing land for offices and housing
continue to be pinpointed. On the other hand, there is an
increasing trend towards locating offices and housing in the
suburbs as land prices are relatively low, and there are many
cases of chaotic development of urban areas involving the
maintenance of traffic networks as well as cases related to
serious land use issues such as the spread of urban areas or
urban sprawl. The burden of upgrading urban infrastructure is
also increasing and the occurrence of issues such asthetime and
energy required to move people and materials are increasing as
well as there being a decline in maintenance performance. In
this way, the underuse of land is being neglected in city centers
and (re)location to the city periphery isbeing permitted and, asa
result, there are claims that a radical reform of the land use
systemisrequired.
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Thereisalso concern that the above land use issues will make
therivalry for all typesof land use such as urban areas aswell as
agricultural or forestry land, that have traditionally been singled
out in Japan asland use planning issues, more serious (Land Use
Research Group Compilation, 1999) [1]. Furthermore, this is
becoming a serious challenge in land use planning as deviations
between land use control and the actual use of land, in particular
in the periphery of urban areas, are increasing (Mizuguchi,
1997) [2]. In addition, as these kinds of significant changesin
land use not only have a serious effect on the local residential
environment but also on the wider environment of the entire
area, the nature of appropriate urban structure and land use from
the point of view of the environment in the future must be
questioned. Consequently, due to the deviations between land
use control and the actual use of land involved in urbanization
particularly in suburban areas, it can be said that one important
challenge is the fact that the necessity of an examination of the
nature of land use control and guidance is growing stronger. Itis
for this reason that it becomes indispensable to thoroughly
examine land use control in land use master plans by comparing
with actual land use.

Studies of land use in Japan with themes as mentioned above
include Satake's 1976 study on land use control challenges in
areas that overlap [3], Tsukaguchi’s 1989 study on land use
control in metropolitan urban and agricultural areasthat overlap
[4], and the Nakamura et al 2001 comparative study of
overlapping areas by prefecture [5]. Further, land use studies
focusing on areas outside of the three largest metropolitan areas
include Y amamoto’s 2003 and 2004 studies on an eval uation of
land use control in the Lake Biwabasin area[6] [7], Iwamoto’s
2009 study on the actual state of and challengesin the land use
control of each municipality in the Matsumoto City urban area
[8] and Yamamoto's 2011 study on an evaluation of land use
control onthe mainisland of Okinawa[9]. In addition, there are
many studies on land use in Japan that mainly focus on the three
largest metropolitan areas (Tokyo Metropolitan Area,
Kyoto-Osaka-Kobe  Metropolitan  Area and  Nagoya
Metropolitan Area) which have serious and diverse land use
issues but there are amost no evaluations of land use in areas
other than the metropolitan areas except for the
above-mentioned studies [6] - [9].

Therefore, this study focuses on an evaluation of Hokkaido
and particularly on two points: the rivalry between all kinds of
land use such as urban land and agricultural and forestry land in
various cities and their surrounding areas and the possibilities
for forestry biomass that are being proactively implemented in
Hokkaido in areas other than those mentioned above. This study
also aimsto grasp which areas require examination of the nature
of land use control and guidance through conducting land use
analysis at the district level (by town block or village sector)
using highly effective GIS (Geographic Information Systems) @
as aspace analysistool.
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In order to do this, Section Il discusses the nagiio
characteristics of Hokkaido which is the targetdealuation. In
Section Ill, GIS data for land use control and attand use is
collected and processed to develop a GIS databhasis @ble to
be used in this study. Section IV uses the GISbdaim to
evaluate land use control by comparing with actaradl use as
well as to understand the characteristics of laselaontrol and
specifies the orientation of even more detailedyaig Finally,
Section V gives the conclusion to this study arstualses future
research challenges.

Il. REGIONAL CHARACTERISTICS OF THESTUDY AREA

Hokkaido is situated at the very northernmost tipapan and
is the largest of Japan’s prefectures with an afe#8,421km
and is the fifth largest prefecture in terms of ywlagon at
approximately 5,520,000. Sapporo City (populatiapprox.
1,900,000), which is one of the largest cities ioletef the three
largest metropolitan areas, is located in centéh@fegion but
there is also a number of cities with a populatibmore than
100,000 people such as Asahikawa City (approx.: @8,
Hakodate City (approx.: 280,000), Kushiro City (epp:
180,000), Tomakomai City (approx.: 170,000), Olmh@ity
(approx.: 170,000), Kitami City (approx.: 130,00Bhetsu City
(approx.: 120,000) which are not only located i Wrcinity of
Sapporo City but which are important cities in eagpion of
Hokkaido®®. In addition, if we focus on land use, in additton
the extensive Sapporo metropolitan area, urbarsaeeh as
those mentioned above have developed and arebdistd in a
concentrated manner. On top of this, in additiotheofact that
Hokkaido is the largest agricultural and farmingios in Japan,
it has a significantly high area of forests.

Due to the fact that Hokkaido has the largest arfeall
prefectures in Japan, there is great concerngbaés of rivalry
for all types of land use such as that for urbaeasror
agriculture or forestry will become more seriousd anore
widespread. However, there are almost no land tsgies
focusing on Hokkaido and, as mentioned in Sectipthé
greatest feature of land use studies in Japan tipnaw has

I1l. DEVELOPMENT OF THEGIS DATABASE

This study used Digital National Land Map LandeUs
Subdivision Mesh Data that is published by the Gapigical
Survey Institute at the Ministry of Land, Infrastture,
Transport and Tourism as a base map to developGise
database. The main reason | selected the abovéemethiGIS
data as a base map is because it is GIS dataathatlen created
by dividing the entire country into 3-mesh 1/10 divided
regions (100 meshes) and, as it is divided inttiqadar district
units, data handling is relatively easy. Anothersan is because
Hokkaido is such a large target region and the ebngntioned
GIS data is divided into 40 regions so it is possito
re-integrate GIS data in regions as close as peskilthe 14
regions stipulated by the Hokkaido government aswshin
TABLE | and Fig.1. Fig. 2 shows an example of the
above-mentioned GIS data for land use in Sappadrod®@id its
surrounding area (FY2006) using a visualizatiortesyswith
ArcGIS Ver10.0.

As land use control data for land use master plamsgd the
Ministry of Land, Infrastructure, Transport and Tistn Land
Use Control Back-up System: Lucky Systéhas basic data. As
this is in raster format (image format), | first nsidered
compatibility with Digital National Land Map Land dd
Subdivision Mesh Data, and | clipped only the Hdllka
portion and converted the file format to a vectoniat as well
as a shape file format. Furthermore, in order talyae the
deviations between land use control and actuallaed| added
Digital National Land Map Land Use Subdivision Me3hta
using a GIS overlay function and develop a GIS lukta with
information on land use control and actual land use

IV. EVALUATION OF LAND USECONTROL

A. Special Characteristics of Land Use Control

1) Special Characteristicsin Hokkaido (Overall)

Fig. 3 shows the 5 types of areas in the Hokkagshal luse
master plan which are: urban, agricultural, forastural park
and natural conservation areas, and the objectrdand use
adjustment for each separate area. In addition, JEAB shows
an analysis of land use control data processeberptevious

been that they have mostly targeted the three darg@ection and divides the above 5 areas into aresshtive no

metropolitan areas. The reason for this is thaabse Hokkaido
has the largest area as mentioned above, conduatidguse
analysis itself is extremely difficult and the seogfor

examination of what kind of spatial scale shouldélected for
the evaluation of the target region and what kificammalysis
methods should be used can be considered to sredirwide.
In other words, it is very difficult to set reselartasks and
methods as land use analysis methods would be kabigr
different due to deviations depending on whetherrétgion to
be evaluated is the whole of Hokkaido or is narmbwewn to
focus on one part of the region.
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overlap and areas that have overlap by area. FraBLE I,
we can see that areas in Hokkaido land use mastes which
have not been designated to any of the 5 desigreteas
amount to only 0.7%.

An important characteristic of Hokkaido land usetcol is
that over 70% of areas have no overlap which isifségntly
high. | have conducted land use analysis usingdahge methods
as used in this study before in Shiga Prefectudeoarthe main
island of Okinawa but in Shiga Prefecture 34.9%n{@emoto,
2006) [10] of areas had no overlap and 52.0% (Yaotemn
2011) [9] of areas on the main island of Okinawal me
overlap. It can also be considered that it is ffsdd designate
many areas with no overlap because Hokkaido hasgya brea
as a reason for this kind of difference with otphefectures.
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TABLE |
DIVISION OF REGIONS INHOKKAIDO AND QUTLINE OF EACHREGION
. . ) " . Population Density
Region Major City/Town Number of Cities/Towns/Village| Population Area (knf) (people/ki)

Sorachi Iwamizawa City 10 cities, 14 towns 336,254 5,79.2 58.1
Ishikari Sapporo City 6 cities, 1 towns, 1 village 2,342,339 3,539.p 661.7
Shiribeshi Kuchan Town 1 city, 13 towns, 6 villages 232,940 4,305.8 54.1
Iburi Muroran City 4 cities, 7 towns 416,289 3,698.p 1126
Hidaka Urakawa Town 7 towns 75,321 4,812.p 15.7
Oshima Hakodate City 2 cities, 9 towns 427,807 3,936.pb 108.7
Hiyama Esashi Town 7 towns 42,059 2,630.p 16.0
Kamikawa Asahikawa City 4 cities, 17 towns, 2 village 520,364 10,619)2 49.0
Rumoi Rumoi City 1 city, 6 towns, 1 village 53,109 3,458.8 15.4
Soya Wakkanai City 1 city, 8 towns, 1 village 73,447 4625.1| 15.9
Abashiri Abashiri City 3 cities, 14 towns, 1 village 310,009 10,690.p 29.0
Tokachi Obihiro City 1 city, 16 towns, 2 villages 348597 10,831.2 32.2
Kushiro Kushiro City 1 city, 6 towns, 1 village 247,3D 5,997 .4 41.2
Nemuro Nemuro City 1 city, 4 towns, (6 villages) 80,50 8,534.4 9.4

Note: Population, area and population density Bguare taken from the websites of each town in Hinkkand are current as of January, 2012. The Nenegion

includes 6 villages in the northern territoriestsarea and number of cities/towns/villages
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Fig. 2 Example of Land use in Sapporo City anditburbs (FY2006)
5 Divisions Urban Areas Agricultural Areas Forest Areas Natural Pek Areas
Subdivision - ) Non- Forest Areag
L Urbanizatiory an Agricultural | designated|Conservation that are no§  Special Ordinary
5 Divisions Control designated . .
. Areas Agricultural| Forests |Conservatiof Areas Areas
Subdivision Areas Areas
Areas Forests
Agricultural Areas — —
Agricultural Areas Non-designated 1 1
Agricultural Areas
Conservation Forests — —
Forest Areas Forest Areas that are ngt 2 2
Conservation Forests
Special Areas — — @) @)
Natural Park Areas
Ordinary Areas 3 3 O O
Natural Conservation |SPecial Areas * - x x O O x X
Areas Ordinary Areas x — O O O O 23 X

The bold lines denote the target areas for thigystu
x: No overlap in systemor in reality

«: Takes priority when there is overlap

O: Control both areas in conjunction when thereusual overlap
1: While paying attention to actual land use iraaga, urban use is authorized while adjusting deicaltural use.
2: As a generalrule, use as forest is the priaitgl use as forest and urban use is controlled.
3: Controlled in order to maintain function as aumal park as much as possible.

4: As a general rule, agricultural use is the fiyidsut forest use is authorized while adjustingdgricultural use.

5: Forest use is the priority but agricultural issauthorized while adjusting for forest use.

Fig. 3 Hokkaido Land Use Control Objectives
Source: based on Hokkaido (2010a, 2010b) [11] [12]
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TABLE Il
RATIO OF AREA BY 5 AREA OVERLAP IN HOKKAIDO LAND USEMASTERPLAN
(%)
Division of Areas Ratio
Urban Area 2.3
. Agricultural Area 19.1

Areas with No

Overlap Forest Area 48.0
Natural Park Area 13
Natural Conservation Area 0.0

Total Areas with No Overlap 70.8
Urban/Agricultural Areas 3.6
Urban/Forest Areas 12
Urban/Natural Park Areas 0.0

. |Urban/Natural Conservation Areas -

Two Overlapping -

Areas Agricultural/Forest Areas 12.8
Agricultural/Natural Park Areas 0.3
Agricultural/Natural Conservation Areas 0.0
Forest/Natural Park Areas 9.2
Forest/Natural Conservation Areas 0.1
Urban/Agricultural/Forest Areas 1.0
Urban/Agricultural/Natural Park Areas 0.0

. |Urban/Agricultural/Natural Conservation Areas -

Three Overlappin|

Areas rban/Forest/Natural Park Areas 0.1
Urban/Forest/Natural Conservation Areas 0.1
Agricultural/Forest/Natural Park Areas 0.2
Agricultural/Forest/Natural Conservation Areas 0.0

Four Overlap ping|Urban/Agricultural/Forest/Natural Park Areas 0.0

Areas Urban/Agricultural/Forest/Natural Conservation Asga g

Total Overlapping Areas 28.5

Non-designated Areas 0.7

TABLE Il
AREA AND POPULATION WITHIN AND OUTSIDE OFHOKKAIDO CITY PLANNING
AREAS
— AN City Planning Ared Non-city Planning Arda
gﬁ;posiﬁon ratio] 3:345:675ha (100.0%)  644,585ha (7.1%) 7,701,090ha%9p
fcoopm”ﬁf;on matio] 55:209.000 (100.0%) 49,513,000 (89.%) 5,696,008%4).

Source: based on Hokkaido (2010a) [11]

TABLE IV
OUTLINE OF DELINEATED CITY PLANNING AREASIN HOKKAIDO
City Planning Area Applicable City/Town
Sapporo City, Part of Otaru City, Ebetsu City,
Kita-Hiroshima City, Ishikari City
Otaru City Planning Area Otaru City
Hakodate City Planning Area Hakodate City, Hokutty QNanae Town
Asahikawa City Planning Area | Asahikawa City, Takdswn, Higashi-Kagura Towh
Muroran City Planning Area Muroran City, NoboribetSity, Date City
Kushiro City Planning Area Kushiro City, Kushiro Taw
Obihiro City, Otofuke Town, Memuro Town,
Makubetsu Town
Chitose/Eniwa City Planning Arga Chitose City, EniGity
Tomakomai City, Shirao Town, Abira Town,
Atsuma Town
Kitami City Planning Area Kitami City
Source: based on Hokkaido (2010a) [11]

Sapporo City Planning Area

Obihiro City Planning Area

Tomakomai City Planning Area

In addition, even in areas that have no overlap,dkear that
forest conservation is very important in Hokkaidmd use
plans due to the fact that approximately half afsth areas
(48%) are forest areas. Further, the point thal toban areas
only amount to only 7.1% and of these urban areaset with
no overlap amount to no more than 2.3% is worthyehtion.
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Important characteristics of the designation okéhéorest
and urban areas are not seen in other prefectunst as
estimated that aiming to conserve natural land sus#h as
forests and preventing chaotic spread and sprawibzfn land
use such as residential, commercial and industrés into the
suburbs is strongly intended in land use masterspla

2) Details of Special Characteristicsin Urban Areas (City
planning areas)

Tables Il and IV show an outline focusing on urtzaeas
(city planning areas) of the 5 areas of the larelmaster plan,
and Fig. 4 shows the status of designation of dated city
planning areas (city planning areas that have atesignated
as urbanization promotion areas and urbanizationtrab
areas). First of all, as shown in TABLE IlI, only7% of the
area of Hokkaido is given over to city planningadut their
population is 89.7% of the whole prefecture. Furthe
Hokkaido has 79 city planning areas set up andhasvn in
Table IV and Fig. 4, most of these are designatedefich
central city in an urban area for each region okkdido, but
there are also some which are designated to ingividity,
town or village units. There are only 10 delineatety
planning areas counted in the 79 city planning saesashown
in TABLE IV and these city planning areas, in aiditto
Sapporo and its surrounding area, are designatdtbaareas
surrounding central cities in each region of Holkailt can
also be understood from Table IV that these artiloiged
with a bias towards the western part of Hokkaidacdntrast to
this, there are 69 non-delineated city planningagrand 80
cities, towns and villages that are non-designaitydolanning
areas, and it can be understood that these aribdietd mainly
in the eastern part of Hokkaido. Therefore, it bansaid that
there is great regional disparity in Hokkaido wiéispect to the
status of designation of city planning areas.

B. Evaluation of Land Use Control through Comparison
with Actual Land Use

Fig. 5 shows a map of land use in Hokkaido overall
(FY2006) and we can observe that urban areas indtieus
cities around Sapporo City and Asahikawa City, Hislte City,
Kushiro City, Tomakomai City, Obihiro City and Kita City
are expanding and, in particular, the Sapporo great
metropolitan area is expanding considerably and teay
high-density urban areas are being formed. Conselguéf
land use control and actual land use are companrettie 10
delineated city planning areas shown in Fig. 4ait be said
that it is essential to conduct an evaluation néllase control,
particularly in urban areas in the five areas afllase master
plans, focusing on rivalry issues concerning atidsi of land
use such as urban, agricultural and forestry areas.

Recently, in Japan, national urban issues suchhastic
suburbanization of cities and the decline of cértitees and
regional community issues such as depopulatioregim are
worsening are driving the introduction of compadty c
policies.This is based on a concept that aims #irice
suburban development and sprawl, maintain smafirugzale
and provide a sphere of daily existence within \wegldistance
as well as aiming for community regeneration andnto
planning that creates places that are easy tarive
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In northern and eastern Japan, which both havécpkaty
high snowfall, one of the aims of introducing tlempact city
policy is to reduce the costs of snow removal intei in urban
areas in the suburbs that are sparsely populatdu:
above-mentioned issues also occur in Hokkaido amapact
city policies have already been introduced in Sapity and
Wakkanai City. Further, all over the world, throughe
efficient use of renewable energy (energy produmesolar or
wind power) and using smart grids as core technoltine
importance of smart cities as next generation enwirental
cities that can restrict the environmental burdas ¢ome to be
widely recognized. Therefore, in the 10 delineatty
planning areas shown in Fig. 4, it is essentiaitmduce urban
policies in order to implement compact cities orasntities
and to prevent chaotic spread and sprawl of urdyaah lise into
suburban areas as well as aiming for the conservafinatural
land use such as forests.

Further, in non-delineated city planning areasait be said
that it is essential to focus particularly on fasewithin and
outside of city planning areas and to conduct aduation of
land use control concerning the possibilities est biomass.
Through this, it is possible to build a specificroounity
recycling range based on forest biomass utilization
Hokkaido overall.

h
‘1 Hakodate

V. CONCLUSIONS ANDFUTURE RESEARCHCHALLENGES

This study focuses on an evaluation of Hokkaidociwhs
the northernmost and largest prefecture by areljpan and
particularly on two points: the rivalry betweenkitids of land
use such as urban land and agricultural and fgréstd in
various cities and their surrounding areas andtissibilities
for forestry biomass in areas other than those ioeed above
and grasps which areas require examination of #tere of
land use control and guidance through conductingl lase
analysis at the district level (by town block olage sector)
using GIS. The results of analysis in this studgndestrated
that it is essential to divide the whole of Hoklaithto two
areas: those within delineated city planning ared those
outside of delineated city planning areas and todoot an
evaluation of each land use control.

In delineated city planning areas, particularlyarrkareas, it
is essential to re-examine land use from the pafintiew of
compact cities or smart cities along with condugtian
evaluation of land use control that focuses oneissaf rivalry

between all kinds of land use such as urban land an

agricultural and forestry land. In areas outsidedelineated
city planning areas, it is desirable to aim to ¢l specific
community recycling range based on forest biomé&Bzation

by conducting an evaluation of land use controkewoning the
possibilities for forest biomass focusing particlylan forests

within and outside of city planning areas.

100 200km

Fig. 4 Designated Delineated City Planning Arealdakkaido
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B waste Land
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Fig. 5 Hokkaido Land Use Map (FY2006)

Future research challenges are to propose suitaideuse
control and guidance for Hokkaido by conducting an [1]
evaluation of land use control based on the resiilisis study  [2]
using the GIS database built in this study, foagsin urban
areas within delineated city planning areas andlgoting an

evaluation of land use control taking the posgibgi of 8
biomass into consideration because areas outsidineske
delineated city planning areas have a lot of foaesas. 4]
One part of this study was conducted with a Grasaid for

Scientific Research on Establishing a RecyclingedeSociety
(representative: Toru Furuichi) entitled Study addiéling and
Diffusion Policy for a Community Recycling Rangeskd on (5]
Biomass Utilization.

(6]

NOTES

(1) This study mainly used ESRI's ArcGIS Ver10.0 ag3tS application.

(2) Population figures were sourced from the officigbsites of each city  [7]
in Hokkaido and are current as of January, 2012.

(3) The Ministry of Land, Infrastructure, Transport afidurism’s Land
Use Control Back-up System (Lucky System) Website lee found at:
http://lucky.tochi.mlit.go.jp/

(8]
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