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Abstract
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1. Purpose of this Study

To carry out a city planning project, plan formulators and constructors are required to
(1) adjust land ownership with landowners, (2) provide compensation if ownership is
transferred, and (3) set the reduction rate of site areas during land readjustment. When
all of the problems are integrated into the trade-offs among plan
formulators/constructors, landowners and leaseholders during the adjustment of land

ownership, the basic issue becomes land valuation.

In general, land valuation for a city planning project is carried out by two methods. One
is the cost approach in which calculation is performed on the basis of project cost. The
other is to compare land prices with information from completed transactions in the area
(the sales comparison approach). However, the two indices generally disagree. That is,
there is no guarantee that the injection of project cost will be evaluated on the market.
As the quality of city planning increases, external economic factors become increasingly
influential; as a result, the possibility of disagreement between the land values given by

the two methods increases.

In the reconstruction projects after the Great Hanshin—Awaji Earthquake, in some cases
where high-standard urban roads had been authorized in city plans and large-scale
municipal parks were planned, consensus building among interested participants
became difficult. This was because of a deviation between the reduction rate of the site
area, which is based on the expected land price increase assumed by the plan formulator
using the estimated project cost as an index, and the reservation price assumed by the

landowner.



Such situations are to be expected in actual city planning projects. Land valuation is
expected to provide basic information used to realize consensus building, while
adjusting land rights among the relevant parties during the city planning project.
Accordingly, land-valuation results should be of a standard precision, and should be

stable and universal.

In particular, in the city planning area, due to reasons such as the change in the
comparative advantage of the area as a whole along with changes in expected returns in
the future, the market condition deviates from the equilibrium condition. Furthermore,
if individual related acts such as building a consensus are assumed, not only the space
structures but also the social structure of the target area must be considered
simultaneously, and detailed information gathering is required. In particular, in order to
use land price information as a basis for the adjustment of land ownership, the stability
and universality of the information supplied by the planning authority are important in

realizing a consensus (Figure 1).
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Figure 1. Relationship between formulation of city planning and land

valuation

Formulation of city planning project, consensus building, project scale, planning
authority, adjustment of land rights (ownership), landowners and leaseholders,
compensation of site, town readjustment project, reduction of site area, land valuation,
stability, accuracy, universality, preparation of comparative table, the sales comparison

approach # the cost approach # the income approach, land price function.

In postdisaster reconstruction projects, the land market condition deviates from the
equilibrium condition due to the disaster. Furthermore, the land market then starts to

converge toward the equilibrium condition in which a new image of the site in the
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future is assumed, after the establishment of a city planning project (Ono, 1989). In
addition, the fairness of a single reconstruction project, as well as the integration of the
project with other projects as a whole to include several project areas should be secured.
Accordingly, both the temporal stability of the project progress, and spatial stability that

expands over several projects should be ensured concurrently.

The reconstruction project is, in one sense, disaster restoration, but it is also a huge
development project, as history indicates. If the target area is an existing urban area, it
is a complete redevelopment project. For the aim of directing the urban structure to be a
publicly desirable one, it is natural that public funds be injected; therefore, intervention
accompanying ownership transfer and compensation will naturally occﬁr for the land

that is the property of individuals.

Here, if reconstruction that takes account of social characteristics unique to each area is
pursued, the most important issue for promoting the smooth progress of the project is
whether effective treatment can be carried out in each area and whether fair treatment

can be carried out between areas.

Therefore, it is extremely important to establish a land price function in which local
characteristics are considered in detail. In general, when land price or ground rent is
analyzed by the hedonic land price function, an equilibrium market is assumed
(Morisugi et al., 1986; Hidano ef al., 1992). Many previous studies targeted areas of
high demand where the population conglomerates, and did not consider the differences
in the income level and preferences of the land buyers between the study areas. In

addition, Hayashiyama et al. (1994) demonstrated the dependence of excessive



estimates on buyers’ preferences by numerical calculation for the case when households

of various social backgrounds exist in the same area.

Other than the case of large-scale housing redevelopment projects in which a single
stratum of society in a suburb is assumed, the formation of a local community on the
basis of the history of the area fosters an individual character and unique economy in
the area. At the same time, a tense relationship with economical uniformity exists,

which leads to the development of the regional characteristics of the area.

In this study targeting Kobe city, which suffered severe damage in the Great Hanshin—
Awaji Earthquake, as the restoration area, we estimate the land price function to be
taken into consideration for the restoration project. The land market deviates from the
equilibrium condition due to the sudden population decrease and the increase in the
number of attracted businesses. Moreover, the adjustment of ownership among many

relevant parties is required.

2. Information about Land Price and Related Indices

2.1 Land Price Function Model

When the land price function is used in a city planning project, note that the
interpretation of the results may differ depending on the type of land price information
used. The types of land price information are roughly categorized into two: a land price
based on actual transactions, and that assessed by specialists such as real-estate
appraisers (e.g., land prices posted by the National Land Agency and standard prices
posted by prefectural and city governments). Therefore, analysis using appraisal values
as explained variables is equivalent to clarifying the decision-making process of a real-

estate appraiser. In addition, it is expected that the decision-making process is
5



accompanied by errors, and that such errors differ depending on the price range and

local characteristics (Ono and Shimizu, 1996).

Since appraised values are determined by referring to actual transactions and there is a
time delay before obtaining them, such information may be insufficiently responsive
under the condition of a changing market structure immediately after postdisaster
restoration. When the market is not in equilibrium, it is possible that the transitional
phase of the land price structure will differ depending on the area in the city. As in the
case of Kobe city, when the reconstruction period differs among areas and when the
characteristics of each area after the earthquake are expected to change, an

understanding of the area-dependent change is required.

In this study, in order to determine the land price function considering local
characteristics, paying attention to the type of information obtained (authenticated value
or actual trading price), the land price function in Kobe city before and after the
earthquake is defined as

PLiwa = fllocat, syt, site, pub, (eath), (trs), calt) tsv + &

PLig: land price of area i, time period t, and type of data d; i: area (1: Higashinada, Nada,
Chuo, 2: Hyougo, Nagata, Tarumi, Suma, 3: north, west), #: time period (1: before
earthquake, 2: after earthquake), d: type of information (1: transaction value, 2:
appraised value), locat: convenience, sy: institutional constraint, site: site condition,
pub: urban foundation, eath: earthquake characteristics, #rs: transaction state, calt: local

characteristics, #v: time correction, €: €ITor.



Table 1. List of estimated/explanatory variables for land price function

Variables(Symbol)

Contents

Convenience
(locat)

@ Closeness to central business district (CBD): spatial distance (100 mm) from the nearest
station to Sannomiya station (Kobe city), Honmachi station (Midosuji Line) or Himeji station
(Himeji city), and temporal distance (transit time, minutes) are calculated and used as
independent variables, @ distance along road (m) between each study point to the nearest
station

Institutional
restrictions (syt)

@ floor-arca ratio (%), @ building-to-land ratio (%), @ city planning dummy: regulated area
dummy (regulated area; 1, other area: 0), prospective housing land dummy (prospective housing
land: 1, other: 0), @ mixed land use dummy: (when factories and stores coexist within 500 m of
the study point: 1, other cases:0)

Environment of the
site (site)

@ acreage (m2), measured acreage is used if it exists, if not, posted acreage is used, @ small-
scale housing land dummy: land with arca less than 40 m2 (land used for small-scale isolated
house) considering the possibility of building a house: 1, other: 0, @ road width in front of the
site (m), @ pavement dummy: the road in front of the site is paved: 1, other: 0, @ irregularly
shaped site dummy: shape other than square or rectangle: 1, square or rectangle: 0

Urban foundation

(pub)

@ sewerage dummy, with sewerage system: 1, other: 0, @ city gas dummy: with city gas: 1,
other: 0, @ private road dummy: the road in front of the site is a private road: 1, other: 0, @
national road dummy: the road in front of the site is a national road: 1, other: 0

Earthquake
characteristics
(eath)

@postearthquake dummy: information obtained after Jan. 17, 1995: 1, other: 0, @ earthquake
damage dummy: if the site has been damaged according to residential map published by Zenrin:
1, other: 0, @ priority reconstruction arca dummy, if the site is designated a priority
reconstruction area: 1, other: 0

transaction state

(trs)

@ buyer dummy: buyers are classified into individuals or corporations (which are further
divided into real estate agents and public institutions), if the buyer is an individual: 1, other: 0,
same as below, @ seller dummy: sellers are classified into individuals and corporations (which
are further divided into real estate agents and public institutions), if the seller is an individual:
1, others: 0, same as below

time adjustment
(tsv)

@ start of housing construction: the number of houses newly built, total number of houses
(depending on ward; monthly), @ information concerning population: population, population
density, number of households, density of households (depending on ward; monthly)

local characteristics
(cav)

@ characteristics depending on ward: @ ward dummy, for example, for Higashinada ward, if
the study site is in Higashinada Ward: 1, other: 0, dummies are prepared similarly for wards
such as Nada, Hyogo, Nagata, Suma, Tarumi, Kita, Chuo and Nishi

© characteristics depending on train lines, @ line dummy: the line on which the nearest station
from the study site exists is selected and a line dummy 15 prepared. When several stations on
different lines are close to the study site, select the station closest to the site. For example,
Hankyu dummy, is used when the nearest station from the study site is on the Hankyu line: 1,
other: 0, The division of the area according to train lines is based on the Metropolitan District
Traffic Census, Code Book in Kinki Area (Center for Transport Economy Research )

© unique local characteristics: @ high-class residential area: If more than two people that pay
a large amount of tax (based on individual data prepared by The National Tax Administration
Agency) live in the corresponding site (block in town), the site is assumed to be a high-class
residential area. high-class residential area: 1, other: 0, @ shopping dummy, if the study site 1s
in a shopping area according to the residential map published by Zenrin and if the site can be

used as area: 1, other: 0.




The descriptions of and preparation methods for explanatory variables are summarized
in detail in Table 1. In addition to factors such as convenience, institutional constraint,
site conditions and urban foundation considered in the authenticated values according to
the transaction case comparison method, earthquake characteristics are added after the
ecarthquake. Local characteristics are also added to examine the local structure. In
analyzing transaction cases, indices to carry out time correction are added to consider

transaction states and to adjust for successive and dynamic market characteristics.

The data used in this study include 1370 transactions for residential purposes, traded
between December 19, 1993 and June 30, 1996, and 1467 appraisal value samples of
land for residential purposes (posted land price and standard land price between 1994
and 1996). The number of transaction values is comparable to that of appraisal value,

and they were collected during almost the same time period.

2.2 Classification of Type of Land Price Information and Related Indices
Table 2 summarizes land price information and related indices categorized depending
on the type of land price information (appraisal value or actual trading price) and the

time period (before or after earthquake).

The comparison of each statistical value indicates that the dispersion in values is large
for those obtained on the basis of real trading. This can be interpreted as follows: in the
case of posted land prices and standard prices, standard sites are assumed in each area,

and the land price for the site is appraised.



Table 2. Summary of analysis variables categorized by type of information and

time period

Average Minimum Maximum Sla.ndal.‘d

Deviatuion

Land Price B.E |appraisal value] 251,053 15,000 790,000 124,535
(F./m) sales price 273,945 28,653 862,107 133,488

AE |appraisal value] 239,905 15,000 635,000 113,816

sales price 270,522 30,245 784,211 122,142

acreage B.E lappraisal value 219 51 1,302 145

(m) sales price 162 20 1,903 182

A.E |appraisal value 223 51 1,302 158

sales price 134 23 1,125 117

road width in front of | B.E |appraisal value 6 2 20 2
the site sales price 6 2 30 4

(m) A.E [|appraisal value 6 2 20 2

sales price 6 2 25 3

floor-area ratio B.E [appraisal value 145 60 300 58
(%) sales price 154 80 400 62

AE |appraisal value 145 60 300 59

sales price 178 60 400 78

distance (m) from each| B.E |appraisal value 1,593 100 14,000 1,668
study site to nearest sales price 1,369 3 8,099 1,100
station A.E |appraisal value 1,677 100 14,000 1,838

(m) sales price 1,284 | 5,600 1,078

temporal distance Trom| B.E |appraisal value 28 0 72 13
nearest station to sales price 28 7 71 11
Sannomiya station AE appraisal value 29 0 72 13
(minute) sales price 26 0 68 11
temporal distance from| B.E |appraisal value 66 36 111 13
nearest station to Osaka sales price 65 39 109 13
CBD A.E |appraisal value 66 36 111 14
(minute) sales price 64 39 107 12

Number of samples, appraisal value before earthquake: N=821, sales price before earthquake:
N=962, appraisal value after earthquake: N=646, sales price after earthquake: N=408, Total

number of samples: N=2,837
B.E:before earthquake,A.E:after earthquake

For example, a transaction of a site for small-scale housing lists an acreage as small as
20 mm?’, whereas the minimum acreage given based on the authenticated value 1s 51

mm-. The maximum authenticated distance from the nearest station is 14,000 m,
whereas it is 8,099 m in transactions. In land trading, it is assumed that the land is

actually used, and therefore examples of transaction may not exist for land with

characteristics that are not regarded as merits in trading.



The public authenticated values, such as posted land prices and standard land prices, are
indices for a standard-sized site with standard conditions. This confirms that such

indices are averages.

2.3 Land Price And Related Indices Depending On Area Classification
In this section, the scheme of the area is targeted as local characteristics and the city

area is divided into three areas for comparative study.

Area 1 developed after World War II. Higashinada-ku is a new city area that came into
being after Uosakimura was consolidated into Kobe city by municipal merger. An
exclusive residential area was formed, partly on the assumption that commuting to
Osaka is possible.  Chuo-ku, including Sannomiya and Motomachi, has the
characteristics of a new urban center since the city center has moved eastward since
World War II. In general, Area 1 is an area where new accumulation is observable.
Area 2 has the characteristics of old accumulation. Area 3 is an emerging residential

area far from the city center.
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Figure 2. Classification of areas and railway lines: Kobe city

Table 3. Analysis variables for each area

Average Minimum Maximum Sta.ndall'd
Deviatuion
Land Price Areal 420,603 84,770 862,107 111,411
(Yen.” m) Area2 251,048 30,245 676,356 82,531
Areal 158,039 15,000 403,538 55,166
acreage Areal 183 20 1,903 186
(m) Area2 157 21 1,481 114
Areal 238 27 1,739 189
road width in front of Areal 6.2 2.0 30.0 3.5
the site Area2 5.5 2.0 30.0 3.0
(m) Area3 5.7 2.0 25.0 2.4
floor-area ratio Areal 192 80 400 58
(%) Areal 165 60 400 59
Areal 107 60 300 45
distance (m) from each Areal 763 60 2,500 49]
study site to nearest Area2 1,409 1 5,800 1,108
station Areal 2,125 3 14,000 2,037
temporal distance from Areal 16 0 36 6
nearest station to Area2 26 9 38 6
Sannomiya station Area3 39 17 72 14
Semporal distance from Areal 50 36 66 7
nearest station to Osaka Area2 65 Ex 88 7
station I Areal 76 57 111 14

* Number of samples:Areal (N=622),Area2(N=1,326),Area3(N=889)
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The statistical comparison of the data obtained from all areas (Table 3) indicated that
the land-price level differs greatly depending on the area. The acreage in Area 1 is
larger than that in Area 2, and the road width in front of the site in Area 1 is greater than
that in Area 2, indicating that Area 1 is less densely populated than Area 2. Regarding
the distance (m) from each study site to the nearest station, the sites in Area 1 are

concentrated relatively close to the nearest station.

As explained, we can confirm that there is a relationship between land prices and the

main explanatory variable.

To examine this relationship in more detail, the relationship between dummy variables
representing local characteristics and area classification is examined (Table 4). From

the table, the characteristics of the three areas are clearly evident.

First, in Area 1, dummy variables for urbanization-regulated areas and prospective
residential land are zero. The availability rates of sewerage and city gas, and the
pavement rates are high in Area 1, indicating that the area is highly urbanized. Also,
Area 1 has an exclusive residential area and its rating as a residential area is relatively
high. In addition, the extent of earthquake damage in this area was high, and it is to be
expected that the land price structure significantly changed after the earthquake.

In Area 2; similar to the case of Area 1, urbanization has proceeded; however, the
number of small-scale residential sites is large and the rate of mixed land use is
relatively high, indicating that the land use in Area 2 is mixed in a complicated manner.
In Area 3, an urbanization-regulated area and prospective residential land are included
in this area, and the penetration rate of sewerage and city gas is low. Consequently, it is

considered that urbanization has been delayed compared with that of Areas 1 and 2.
12



Table 4. Distribution of dummy variables in three areas

Total number of samples Areal Area2 Area3
dummy variable N
umber of
——— percentage | percentage | percentage | percentage
sewerage 2.490 87.8% 100.0% 100.0% 61.0%
city gas 2,033 71.7% 96.9% 77.5% 45.3%
pavement 2,580 90.9% 89.2% 89.4% 94.5%
road in f"ront of the site 9 0.3% 0.6% 0.4% 0.0%
(national road)
road in ontotesie] o, 6% | 79% | 168% | 64%
(private road) ;
small-scallsnlt'iesndentlal 54 1.0% 21% 3.0% 0.1%
irregularly shaped site 163 5.7% 5.1% 5.5% 6.5%
exclusive residential 63 2.2% 10.1% 0.0% 0.0%
mixed land use 49 1.7% 1.6% 2.8% 0.2%
prosp ec“;’:nfs‘de““al 5 0.2% 0.0% 0.1% | 04%
regulated area 96 3.4% 0.0% 0.0% - 10.8%
e 196 6.9% 145% | 7.8% 02%
earthquake i s e
priority rZ‘r’Z:Sm’c“‘m 26 0.9% 1.3% 1.4% 0.0%
along Hankyu line 259 9.1% 41.6% 0.0% 0.0%
along Hanshin line 191 6.7% 30.7% 0.0% 0.0%
along JR 932 32.9% 19.6% 44.1% 25.3%
N=2,837 N=622 N=1,326 N=889

On the basis of the analytical results described above, analysis using a Chi-squared
automated interaction detector (CHAID)' was carried out using area classification as the
explained variable and dummy variables as explanatory variables in order to examine
Dummy variables are

the structural differences in the three areas in greater detail.

adopted in the order of sewerage dummy, city gas dummy, pavement dummy, and

"' The Chi-squared automated interaction detector or CHAID, is an automated interaction detector based

on the %2 value.



private road dummy. Therefore, it became evident that a significant difference in

infrastructure was observable among the three areas.

However, the number of selected dummy variables is not sufficiently high in areas
having the characteristics explained above, and therefore, the above variables are

prospective candidate explanatory variables to be used in the model .

3. Analysis Of Land Price Structure in Area Affected by the Earthquake

3.1 Estimation of Land Price Function Considering Local Characteristics

The information obtained from the land price function and the spatial unit (?) assumed
in the project should agree if the land price information is appropriate for use in the
adjustment of ownership in the city planning project. Furthermore, coherence among
spatial units over a wide area must be ensured in postearthquake reconstruction projects
and we should present information with a high level of generality, in which differences

in structure, in terms of spatial axis and temporal axis, are clearly reflected.

To achieve this, the relationship between temporal distance up to the CBD and land

prices is obtained, depending on the type of land price information and time period

(Figure 3).

The sales prices become more dispersed with increasing temporal distance compared

with the appraisal value.

A comparison of land prices obtained from different information sources and before and
after the earthquake indicates the authenticated land price is strongly correlated with the

temporal distance (correlation coefficient: —0.68 before and after the earthquake).
14



However, the dispersion of the sales prices is large and the correlation with temporal
distance is weaker than that in the former case (correlation coefficient: —0.61 before the
carthquake, -0.48 after the earthquake). It is considered that the sales price is

determined by more factors than the authenticated land price.
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Figure 3. Relationship between land price and temporal distance to the CBD for

different parameters

On the basis of the analysis above, we estimate the land price depending on the type of
information.

Over the entire area of Kobe city, the structural change before and after the earthquake
is considered only in terms of a shift in the land price function, and the postearthquake
dummy is included in the analysis. As models of actual trading (convenience,
institutional restrictions, environment of the site, time correction), the land price
function composed of only fundamental indices in which trading circumstances are

taken into consideration (model 1) and the land price function in which local

15



characteristics are also considered in addition to the indices in model 1 (model 2) are

assumed (Table 5).

Model 1 is effective for the estimation of the appraisal value. However, it is less
suitable for the estimation of the sales price . In contrast, the suitability of model 2, in
which local characteristics are also taken into consideration, is significantly better for
estimating the authenticated and sales prices, indicating the necessity of considering
spatial structure in detail when constructing a model.

Regarding closeness to the CBD, temporal distance is selected rather than spatial
distance in both models: the distances to Sannomiya and to Honmachi are selected as
variables in the models for appraisal value and sales price, respectively. Depending on

the type of information, the selected variable concerning the CBD differs.

For local characteristics, the contribution of the railway dummy, as well as the ward
dummy, is obvious. This means that the land price structure differs depending on the
railway line. In addition, when the distance to the nearest station is considered more
independently in the analysis, the railway line is more developed, and the preferences of
residents are reflected in the selection of the location. It is expected that the structure of
the land price function is complicated because the sign (+ or —) of the partial regression
coefficient for acreage differs between the appraisal value model and the sales price
model, and the small-scale residential land dummy is selected only in the sales price

model®.

“Tabuchi (1996) assumed a model using posted land prices, and indicated the presence of scale premia,
which also positively influence the land price, as in the case of the appraisal value model in this study. In

the actual trading model in this study, partial regression coefficients for both small-scale residential land

16



Table 5. Estimation of land price function depending on type of information

[Model 1 (fundamental index) Model 2 (fundamental index + local index)
varnables sales price (total) sales price (total) appraisal valuc (total)  Jappraisal valuc (total)
cocfficient (t value)Jcocfficient (t value) JcocfTicient (t value)jeocfTicient (tvalue)
acrcage IaExiET02 100 888 4,02 * 10 466422 x 10 -3.17
road width in front of the site| 8.82 x 10 11.41| 468 x 10° 641 758 » 10° 1487] 262 x 107 413
floor-arca ratio 425 x 10 1217|251 = 107 535] 253 = 107 956] 261 x 10 615
distancctothenearest | 5 0 19 L1947]-260 x 10 998|-134 x 10 -1626[-151 x 10 -59
station
o 3 )
temporal digtanceto | PgagBit 0 | 27,68 147 x 100 <1022
Sannomiya } ! .
temporal distance 1o : t 3
Osaka CBD -4.48 »x 10 -17.9_5 -1.53 x 10 =528
sewerage dummy 212 x 10* 249
powergeandcity gas | 400 o 10" 705 231 x 10" 355|416 x 10" 102
dummy : : ! > i :
pavement dummy 274 % 10* 232 131 x 10* 230
road in front of the 3
site/national road dummy LOT = L0 2t
M 4 4 4
adin Ao 148 % 100 224]-292 x 10 4l6 221 % 10 -360
|site/private road dummy
i = 0 & 4 4
amlt pralomytdaonl = 419 x 10 32| - A75 % 10 -341
land dummy
i i 4 4
Aroppilaalystispciaiis = 225 x 10 284] - 484 % 10 270
dummy
e ] 4 ]
Scller:real estate brocker - 177 % 10 285 _ 201 % 10 1.81
dummy
o H i 1 4 5
cxclusive residential arca 857 x 10 114l 146 x 10 8.88
dummy
commercial arcadummy | 170 x 10° 981|287 x 10° 1161 1.44 x 10° 11.83] 2.66 x 10° 1261
’ 1 i 4 a
s, D ~ - 547 % 10 933|695 x 10 -6.53
dummy
y g 3 4
along Yamatc subway linc - = 232 % 10 142
dummy

along Scishin subway line o - 185 % 10 4 25
dummy . "
210N AODC-AOUSOKU B B SeE & TEY 3
£ FEwSIoN = ~

n]o.ng](ubc Dentetsu o B P 10‘ e 4 oh
Railway dummy

along Shin-Kotsu dummy - = 2352 x 10* -251

aiang SamnDesicti - = 167 x 10 388|157 % 10 197
Railway dummy

Higashinada-ku dummy - - 179 x 10% 3001] 1.91 x 10° 1435
Nada-ku dummy - = 134 x 10° 2243 143 = 10° 1167
Chuo-kudummy o - 149 x 10° 1899] 1.28 x 10° 7.50
Nagata-ku dummy - - 220 x 10 3.69]-1.79 = 104 -1.86
Hyogo-kudummy - - 498 x 10* 652] 715 x 104 607
Suma-ku dummy - - 411 % 10* 775|445 x 10 466
Tarumi-ku dummy = = 129 = 10* 307] 239 x 10* 288
postcarthquakedummy | -1.89 » 10* -529]-142 x 10* 255|502 x 107 211]-127 x 10* 272
Ihcnumhcrufh_nuscs 516 % 10 813 J186 % 10 -3.87
undcrconstructmn/lmul

Population 127 x 10" 340] 306 x 10" 455

Constant 196 > 10° 13.60] 457 x 10° 1630] 122 x 10° 843] 291 x 10" 1226
Number of Samples = 1,467 1,370 1,467 1,370

Adjusted R squarc= 0.74 0.51 0.89 0.65

and acreage are negative, indicating that the land price increases to a certain site size, beyond which the
land price decreases. In a general authentication evaluation, negative adjustment is carried out for small-
scale residential land or sites with an area larger than a predetermined value. Estimated results obtained

in this study agree well with the knowledge of experts.
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3.2 Change in Land Price Structure Before and After the Earthquake

On the basis of the analytical results explained above, it is expected that the spatial
structure and structure for land trading significantly changed after the earthquake, since
not only disparity by area is observed, but also the postearthquake dummies are
significant in each model (Table 1). The land price function is then estimated on the
basis of the type of land price information and time period (before and after the

earthquake) to examine the structural change of the land price function (Table 6).

The variable quantities selected in the total-sample model and models before and after
the earthquake are not different for the appraisal value model. The effectiveness and the
coefficient of determination after adjusted R square (0.89) are of the same order before
and after the earthquake. In contrast, in the sales price model, the coefficient of
determination after the adjusted R square is 0.65 for the total-sample model, but it was
0.70 before the earthquake and decreased to 0.54 after the earthquake. Also, different

variable quantities were selected.

The results of this analysis strongly suggest the possibility that although the structure of

the actual land trading price changes after the earthquake, the change is not fully

reflected in the appraisal value.
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Table 6. Estimation of land price function depending on type of land price

information and time period (before and after earthquake)

Appraisal Value Model [sates Price Model
variables before earthquake after earthquake before earthquake after carthquake
coefficient (t value) jcoefficient (t value)jcoefficient (t valudcoefficient (t valuc)
acreage 500 x 10 4,09] 298 x 10 248)-5.23 x 10 -3.74
road width in front of the site | 7.66 * 10 % 1026| 7.69 = 10* 1131 191 = 10* 272] 3.05 x 107 216
floor-area ratio 247 x 10?  678) 254 x 10 682] 319 x 102 588] 3.00x 10% 415
:l'z:?::““‘h“‘m“ 30 x 10 -1193]-132 x 10 -11.62]-1.74 x 10 632]-143 x 10 289
woral di 108 ival -1.55 = 10%  -7.68]-1.38 * 10? -7.00
TRARs o 160 x 10°  490]-227 x 103 424
sewerage dummy 337 x 10% 330
:i:::;gc B 418 = 10 ! 736) 433 x 10 ! 7.56
pavement dummy 354 = 10% 204 169* Hoibii 259
road in front of the 4 A

site/private road dummy .91 = 10 270 3.28 = 10 =516

small-scale residential
land dummy

irregularly shaped site
dummy

Seller:real estate brocker
[dummy
Buyer:corporate dummy — = 465 x 104 257
exclusive residentialarea | | 00 10 *  go0| 648 x 10 611|147 x 10° so1| 136 x 10 364
dummy

commercial area dummy 1.62 = 10% 1039] 131 x 10*  643) 266 x 10° 1097] 240 x 10 * 5.58
along Hankyu Railway 678 x 10 4 3.79
dummy

1 i 4 4 4
along Hanshin Railway | , o0 . 10 548|605 x 10° 759|752 10' 601
dummy

i 4
along Yamate subway line 255 % 10 256
dummy

1 H N 4 4
along Seishin subway line 215 x 10 3000 -1.65 x 10 236
dumm

uiong {uuc-huusuuu

546 % 10

- - 203 % 10

- - 217

266 x 10* 243

Avrevmrme s

4 4 4 4
i 270 x 10 -436|-298 x 10 -516]-1.98 x 10 .202)-3.50 x 10 221
Railway dummy

4 4 4
Aldog Sxays Dewote 173 x 10 295|132 x 10 221 373 x 10 259
Railway dummy

Higashinada-ku dummy | 1.76 x 10 % 2284 1.51 = 107 2217 191 x 10° 1286| 695 = 10* 356

Nada-ku dummy 124 = 10° 1688] 1.04 = 10°* 14.25] 1.28 x 10°* 978

Chuo-ku dummy 170 x 10° 13.53) 145 x 10° 12.75| 126 x 10* 554

[Nagata-ku dummy 231 x 104 3.06 473 x 10* 406]-806 x 104 -513
Hyogo-ku dummy 559 x 10*  6.64] 217 = 10* 216 335 x 10* 236

Suma-ku dummy 487 = 104 586| 385 % 10 501] 616 x 10* 479

Building houses -4.75 x 10 -2.28
Population 206 x 10" -237]-1.19 = 10" -2.60]-3.20 x 10" -2.19

Constant 1.50 x 10°  601) 1.66 x 10° 11.88] 357 x 10° 10.13] 3.54 x 10° 845
Number of Samples = 821 646 962 408

Adjusted R square= 0.89 0.89 0.70 0.54

Unlike the general land market, it is possible that circumstances beyond the analytical
ability of the real-estate appraiser may arise when evaluating factors in the land market
of this unique area, i.e., the earthquake-affected area. Therefore, it is necessary to
examine the evaluation method to precisely grasp the dynamically changing

circumstances of the land market.
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3.3 Estimation of Land Price Function Depends on Area

The structural change was examined using the three area classifications. Since the
classification and the other local variables, that is, local dummy variables, are
completely independent, mutual comparison is meaningful. Table 7 summarizes the list

of coefficients of determination after adjusting the degrees of freedom (AdjR?).

Table 7. List of estimated results of land price function

Estimated land price appraisal value sales price
function (AdiR) (N) J(AdjR) N)
Model1 Total | 0.74 1,467 | 0.51 1,370
(only B.E. 0.73 821 0.56 962
infrastructure) A.E. 0.78 646 0.41 408
Model2 Total | 0.89 1,467 | 0.65 1,370

(incorporation of| B.E. | 0.89 821 0.70 962
local indices) AE. 0.89 646 0.54 408
Areal Total | 0.67 330 0.35 291
B.E. 0.76 181 0.38 215
A.E. 0.66 149 0.15 77
Area2 Total | 0.68 659 0.37 667
B.E. 0.69 375 0.39 429
A.E. 0.68 284 0.34 238
Area3 Total | 0.87 478 0.35 441
B.E. 0.86 265 0.34 318
A.E. 0.88 213 0.43 93
B.E:before earthquake , A.E:after earthquake

According to Table 7, the effectiveness of both the appraisal value model and the sales
price model for Areas 2 and 3 is unchanged before and after the earthquake. However,
the effectiveness of the sales price model for Area 1 significantly decreased after the
earthquake, indicating a structural change in Area 1. As evident in Table 4, this finding
is influenced by the earthquake-damage rate in Area 1 being relatively high compared
with the other areas. In the city planning project, the land price difference before and
after the project is calculated using acreage, road width in front of the site, and floor-
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area ratio as instrumental variables. Therefore, we focus on such variables in particular,
and we show the results of multiple regression analysis according to the type of
information and the area, where the structural change before and after the earthquake

was examined in detail (Tables 8 and 9).

The partial regression coefficient for floor-area ratio is positive in Areas 2 and 3 for the
appraisal value model, but it is negative in Area 1. In contrast, in the sales price model,
it is positive in Areas 2 and 3, and is considered an insignificant variable in Area 1.
Since the floor-area ratio is generally not fully utilized in residential areas, and the
residential environmental standard is high in an area of houses of low height, and in
addition, Area 1 contains a typical exclusive residential area, the low floor-area ratio is
expected to serve as an index for the residential environment. The fundamental indices
for Areas 2 and 3 exhibit similar structures; however, that for Area 1 is unique in that
the sign for the partial regression coefficient of the floor-area ratio is different from
those of Areas 2 and 3, and that some fundamental indices selected for Areas 2 and 3

are not selected in Area 1.

Next, structural change after the earthquake is examined for each area. The partial
regression coefficient of floor-area ratio is negative before the earthquake, but it is not
selected as a dummy variable after the earthquake; instead, acreage and road width in
front of the site are selected in Area 1 for the appraisal value model. However, no
significant change is observed in Areas 2 and 3. In the actual trading model, acreage,
road width in front of the site, and floor-area ratio (all of which are fundamental indices)
are considered insignificant both before and after the earthquake in Area 1. Acreage
and road width in front of the site are not selected as significant variables after the

earthquake in Areas 2 and 3, respectively.
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Table 8. Estimation of land price function on the basis of appraisal value

variables Areal * B.E (Appraisal) |Area2 - B.E (Appraisal) |JArea3 « B.E (Appraisal) [Areal * A.E (Appraisal)
coefficient (t value)jcoefficient (t value)jcoefficient (1 value)f|lcoefTicient (t value)
acreage 146 x 102 623 9.04 x 10 253
road width in front of the site 863 x 10 9.16] 396 x 107 594 377 x 107* 203
floor-area ratio 253 x 102 251 29 x 102 585] 182 x 10?7 602
‘:t‘::,:‘::"' tothenearest | 549 « 10 897]-205 x 10 -925|-381 614)-601 x 10 -804
temporal distance to Sannomiya 118 x 103 -1223[-1.69 x 10 Y -220
temporal distance to Osaka CBD | -4.87 x 10> -6.19|-1.77 x 10 % -5.02
] it 4 4
o BiTHE i 878 x 10 635|252 % 10 782
pavement dummy 548 x 10' 202
i 5
rr.:ad in lfrom of the 147 x 10 1.84
site/national road dummy
1 4
r(l)ad in front of the 1138 x 10 203
site/private road dummy
i 1 4
prospective housing land 560 % 10 -11.97
dummy
1 H 4
g:;:::}l;rlyshapcdsne 571 % 10 203
. . o i 4
exclusive residential area 871 x 10 202 562 x 10 4.09
dummy
commercial area dummy | 228 x 10 * 1276 143 = 10 7 563
1 4
along Hankyu Railway 6.19 x 10 426
dummy
1 1 4 4
along Hanshin Railway 365 x 10 351 664 x 10 6.26
dummy
: 4
along Yamate subway line 776 x 10 450
dummy
along Kobe Dentetsu %
Railway dummy Faabiin =68
4
m]orlg Sanyo Dentetsu 162 x 10 310
Railway dummy
Nada-ku dummy -3.87 x 10 % 458
Hyogo-ku dummy 332 x 10* 429
Tarumi-ku dummy 256 x 10* -530
Constant 728 % 10° 1922] 139 x 10° 324| 149 x 10° 2233 443 x 10 ° 24.16
Number of Samples = 181 375 265 149
Adjusted R square= 0.76 0.69 0.86 0.66
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Table 9. Estimation of land price function on the basis of actual trading

variables Areal *B.E (Sales Price) |Area2+B.E (Sales Price) |Area3-B.E (Sales Price) [Areal * A.E (Sales Price)

coefficient (1 value)JcoefTicient (t valueyjcoefTicient (t value)l[coefficient (t value)

|acreage -7.28 »x 10 -2.76 | -8.55 x 10 -6.54

road width in front of the site 350> 1040 3360 373 % 103 M43

floor-area ratio 496 x 10%* 623

:‘t‘::ia"m“m“"wes‘ 587 x 10 -3.19|-149 x 10 -390 | -4.04 197

temporal distancetoOsaka CBD | -4.16 = 10 -3.53| 251 = 10 -426]-1.07 = 10? -543[-437 x 10* -2.12

mixed land use dummy 383 = 10% 197

o i 4 3

;u"::t:;ca'“h““"‘g]““d 508 x 10 -3.02]-1.52 x 10 425
o o - 4

Seller:real estate brocker 427 x 10 214 215 = 10 224

dummy

Seller:public sector dummy 415 = 101 276

Seller:indibidual dummy -1.00 = 104 -24]

. . rl X 5
gﬁi‘:;"”cs‘d“"“a] a6z x 10 652 130 x 10 249
commercial area dummy | 2.79 * 10 657] 273 x 10°% 6.2

- - -
:t’;fn?amhm Railway | 595 x 10" 356 671 x 10 229
Sita & 5 4
:luo:ugnicmhm subway line 684 x 10 5.45
Nagata-ku dummy S7.00 x 104 -7.01
Suma-ku dummy 3.59 « 10 ¢ 382
Population -1.43 -2.50
Constant 685 > 10° 11.32] 349 = 10° 735] 546 « 10° 486[ 635 x 107 590
Number of Samples = 215 429 318 77
Adjusted R sqaure= 0.38 0.39 0.34 0.15

Based on the discussion above, when a burden such as

demanded as compensation for providing infrastructure,

the reduction of site area is

such as increased floor-area

ratio and expansion/maintenance of roads, it is possible that the actual land price may

deviate from the expectations of land owners and leaseholders or land values on the

market.

4. Conclusions

We established the following through an analysis of the land price structure.

® The land price structure of Kobe city as a whole cannot be explained on the basis of

only location conditions, such as convenience, institutional constraints, site

condition and infrastructure. The necessity of considering local characteristics of

social structure and spatial structure, such as administration of the ward determined
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from a historical perspective, railway development concurrent with development of
the residential area, and the difference of income levels represented by the exclusive
residential area dummy, was demonstrated.

In terms of effectiveness of the model, the appraisal value model was found to be
superior to the sales price model as a result of the analysis based on the type of land
price information and time period (before and after the earthquake). However, in
the unequilibrated market of the earthquake-affected area, it was difficult to evaluate
properly the structural change after the earthquake using the appraisal value.

For land evaluation in a city planning project, the land price function based on the
area and time period (before and after the earthquake) was estimated, focusing on
fundamental indices such as acreage, road width in front of the site and floor-area
ratio. The results indicate that (1) the level of significance of the floor-area ratio
variable differs depending on the area, (2) the variables selected as being significant
change depending on the area, and (3) variables selected as being significant in a

certain area differ before and after the earthquake.

Based on the above discussions, when the planning authority negotiates with the

landowners and leaseholders according to a unified standard, mismatch may occur

between the two parties due to differing preferences between the two with respect to

planning. Also, the evaluation by the planning authority may deviate from the market

evaluation, which is a substitute index used in the decision-making process.

In city planning for a reconstruction area in which the market conditions are

dynamically changing, an environment enabling detailed judgment in which the local

characteristics are taken into consideration should be provided, in addition to the present

land evaluation technique. Therefore, the establishment of an effective method of
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evaluation that enables residents to clearly understand the effectiveness and fairness of

the project is required.

In the future, it will become necessary to use information with high precision that has
been obtained utilizing methods such as the geographic information system (GIS), and
to adjust land rights (ownership) while amending land evaluation information using

factors other than the land market, such as the opinions of residents.
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