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Abstract

This work describes a geographical information system (GIS)-based information ¯ow for a land-use zoning review process.

GIS technology is employed not only to edit and display maps as conventional GIS applications, but also to enhance work

quality. These enhancements include an exploration of hidden information, the production of tentative zoning maps,

recognizing potentially problematic areas, conducting crucial site investigations, facilitating informative public hearing, and

presenting potential policies. In the case of the Yang±Ming±Shan (YMS) National Park, Taiwan, a GIS-based information ¯ow

is employed to assist in the land-use zoning review process. This GIS-based information system reveals several features

including: (1) a new, more complicated and effective information ¯ow; (2) close coordination of computing and noncomputing

sub-processes; (3) prior identi®cation of over and under-regulated areas to avoid potential appeals and con¯icts; (4)

economical and effective site investigations, and (5) potential policies established for both private and public land. The case of

the YMS National Park is encouraging. We believe that the application of a GIS-based information ¯ow is bene®cial to both

the zoning plan production and the review process. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Zoning plans, which consist of textual documents,

alphanumerical tables, and graphical maps have been

employed in the management of appropriate land uses

in both urban and rural areas for quite some time

(Keeble, 1969; Chapin and Kaiser, 1979; Last, 1995;

van der Vlist, 1998). Zone planning, a process to

produce zoning plans, involves many ®elds, including

design art, engineering, and the sciences (Blunden,

1971; Catanese, 1972; Sol et al., 1995; Alexander,

1998). In the scienti®c ®eld, paradigms in planning

theory have evolved from the mathematical models of

the 1950s to the planning support systems (PSS) of the

1990s. In particular, geographical information sys-

tems (GIS) technology is an essential feature of

modern PSS studies (Batty, 1995; Hopkins, 1999;

Kammeier, 1999).

Although, GIS technology has been recently

applied to numerous ®elds, there are relatively few

applications regarding the land-use planning process

(BudicÂ, 1998; Gordon, 1994; Peccol et al., 1996).
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Furthermore, most GIS research on land-use planning

relates to the establishment of databases, the expan-

sion of mathematical models to incorporate the cap-

abilities of spatial analyses, (including overlaying,

buffering, networking, etc.) and investigating typical

`̀ What-if'' questions (Landis and Zhang, 1998; Senes

and Toccolini, 1998; Kammeier, 1999).

Batty (1995) presented a conceptual diagram for a

complete PSS that consisted of computing and non-

computing processes. He contended that noncomput-

ing processes, such as political activities, are

substantially related to computing processes sup-

ported by both mathematical models and information

systems. Batty recommended that both these comput-

ing processes be considered in PSS, and effective

interfaces for these processes constructed. A study

by Kammeier (1999) proposed a partial PSS for

supporting stakeholder analysis, SWOT2 analysis,

and the monitoring and evaluation of strategic plan-

ning. We believe that the entire information ¯ow

associated with zone planning must be reworked when

new information technologies, such as GIS, are devel-

oped. By employing new information technology,

planners can reveal hidden information, analyze spa-

tial relationship, propose tentative zoning maps, iden-

tify problematic areas, and recommend possible

computational policy solutions. Thus, noncomputing

political processes, including public hearing and com-

mittee decision-making, can be both informative and

effective.

This study recommends a GIS-based information

¯ow system as an effective tool for analyzing the land-

use zoning review process. The case of the Yang±

Ming±Shan (YMS) National Park, Taiwan, illustrates

how: (1) useful information can be derived from base

maps; (2) tentative zoning maps can be computation-

ally produced, and (3) possible policies can be recom-

mended through a cross-referencing of different

information.

2. GIS-based information ¯ow

Zoning maps are essential components of zoning

plans. Many zoning plans and maps continue to be

produced and reviewed manually. The expected poten-

tial of GIS technology in the improvement of the

quality of zoning map production and review is well

known. In the past, a majority of the work and research

in this ®eld focused on how to produce digital maps,

minimize errors, deal with uncertainty, perform spatial

analyses, formulate models for decision support sys-

tems, access very large databases via the internet, and

visualize data by either employing a three-dimen-

sional method or as a virtual reality. Nevertheless,

information ¯ow is another crucial, yet largely

ignored, issue when GIS technology has been intro-

duced into the zoning planning and reviewing process.

By employing GIS technology, a plethora of useful

information can be derived from the preliminary data,

and an elaborate and re-organized information ¯ow

can be effectively practiced to signi®cantly improve

work quality. Figs. 1 and 2 illustrate the manual and

GIS-based information ¯ows, respectively.

Fig. 1 depicts a relatively simple manual informa-

tion ¯ow. Before revising zoning maps (in plans),

planning agencies may conduct the necessary inves-

tigations on sites where both the appeals and public

opinions refer. Normally, both topographical and cur-

rent zoning maps are employed to this process. Cur-

rent zoning criteria may be modi®ed according to the

appeals, public opinions, and the results of site inves-

tigations. Finally, current zoning maps (in plans) are

reviewed and then revised by applying a comprehen-

sive and noncomputing approach.

GIS-based information ¯ow (as shown in Fig. 2)

takes advantage of the GIS technology by fully utiliz-

ing the spatial information and extensively interacting

with the noncomputing information, including land-

holders' appeals, public hearing, committee opinions,

and site investigations.

2 SWOT is the abbreviation of strengths, weaknesses, opportu-

nities, and threats. Fig. 1. Information ¯ow in manual zoning review processes.
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Initially, overall ®eld surveys and data collections

are conducted to prepare a set of base maps, including

topographical maps, geological maps, land-use maps,

road system maps, building maps, land price maps,

scenic area maps, and historical site maps. The rele-

vant information, including the steep areas, ecologi-

cally sensitive areas, accessible areas, and scales of

settlement clusters, is then derived from the digital

base maps by employing different spatial analysis

functions in GIS.

Conventionally, zoning criteria are stated in terms

of `̀ natural language''. Usually, the planning agencies

and committee members scrutinize the criteria and

informally arrive at their decision. Fig. 1 depicts how

zoning criteria are applied in the production of the

revised ®nal zoning map. In contrast to this method, a

GIS-based zoning practice applies the spatial criteria

to geo-referenced maps at a very early stage. Pre-

served, protected, conserved, and developable areas

are identi®ed and tentative zoning maps are proposed.

Nonspatial criteria will be considered in the later

section of this paper when the data regarding the

noncomputing information, comprehensive decisions,

judgements upon individual appeals, and site investi-

gation is included.

Con¯icts arise between the criteria drawn from

diverse public opinions, appeals, and viewpoints,

including environmental protection, economic devel-

opment, recreation activities, and residential require-

ments. Namely, in a majority of cases, planners

encounter multiple-criteria and multiple-objective

problems for which feasible, instead of optimal, solu-

tions are sought. Nijkamp (1984) has identi®ed several

classes of methods to solve these problems. This study

recommended an interactive evaluation procedure in

cases where extensive information exchanges between

the planners and decision-makers. This procedure is

especially helpful in situations where the decision

committee could not explicitly specify its preferences

or weights regarding evaluation criteria. Harris (1999)

also recognized that sketch planning is bene®cial in

the transformation of public hearing from confronta-

tion to collaboration. The public is capable of acces-

sing the information, models, maps, plans, and

computing methods available to the planners. By

employing this method, decisions are coordinated

and innovations are tested. Therefore, a substantial

increase in the quality of work occurs.

In terms of GIS-based planning, issues concerning

adaptive criteria and interactive information proces-

sing are crucial to ¯exible and dynamic sketch plan-

ning. Fig. 2 depicts the different standards and

thresholds associated with the spatial criteria. It illus-

trates how the spatial criteria can be intensively tested

Fig. 2. GIS-based informational ¯ow in zoning review process.
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to explore its implication on zoning maps by utilizing

the powerful capability of spatial computations. Pub-

lic hearing can be proceeded upon tentative zoning

maps, and numerous alternatives can be explored and

considered at an early stage. By employing this

method, the planning process will be more effective,

and zoning criteria will be more practical.

Site investigations would be conducted if further

information for legislating zoning decisions is

required. In contrast to ®eld surveys conducted in

the very early stages, site investigations focus on

relatively small areas or individual sites to obtain a

deeper understanding of the area under consideration.

Potentially problematic areas are located by recog-

nizing the differences in an overlay of the current and

tentative zoning maps. Tentative zoning maps are

logically and mechanically generated by performing

systematic spatial analysis functions, such as over-

laying and buffering, on base maps according to

spatial zoning criteria. The differences between ten-

tative and current maps can be the result of insuf®cient

local information on the base maps, or inconsistencies

between the land-use, topographical information, cur-

rent zoning maps and zoning criteria. Site investiga-

tions complete insuf®cient information and explore

any inconsistencies so that the revised zoning plan can

present a more solid, feasible, and practical represen-

tation of the area under consideration.

3. A case study: the YMS National Park zoning
plan

The YMS National Park, is located in northern

Taiwan near the Taipei metropolitan area (population

exceeds 8 000 000 people). The park covers a total

area of 11 455 ha with elevations ranging between 200

and 1120 m above sea level. The geographical situa-

tion of the YMS National Park is depicted in Fig. 3 and

its road systems and buildings are illustrated in Fig. 4.

Due to the economic growth and increasing recreation

demands of the Taipei metropolitan area, the park is

experiencing serious con¯icts between natural re-

source protection and land development.

Fig. 5 illustrates four types of zones in the YMS

National Park, which are the ecological protection,

special scenery, recreation, and developable zones.

The developable zone is divided into four classes,

which allow for the different degrees of construction

and service activities. The current zoning map is

Fig. 3. Location of the YMS National Park (The YMS National Park Headquarters, Taiwan, 1999).

24 F.-T. Lin / Landscape and Urban Planning 52 (2000) 21±32



depicted in Fig. 6. Classes 1 and 2 of developable zone

are too small to be represented.

The current zoning plan was initially devised in

1988 and revised a total of four times prior to 1994.

Although, diverse criteria, concerning topography,

geology, transportation, existing settlement clusters,

and park recreation needs, were represented in the

plans, it was dif®cult for the planners to manually

Fig. 4. Road systems and buildings (The YMS National Park Headquarters, Taiwan, 1999).

Fig. 5. Zoning categories of the YMS National Park.
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depict the above criteria on paper maps. As a result,

many inconsistencies were apparent between the

claimed criteria and zoning maps. These inconsisten-

cies stimulated a plethora of complaints and appeals

from landholders, and increased the administrative

burden of park management.

Furthermore, class 3 of the developable zone allows

for private landholders to construct new two-story

houses, whereas class 4 allows for the replacement

of the original buildings on the same location with the

same amount of ¯oor space. Accordingly, landholders

in class 4 areas appeal to the planning agency to re-

zone them to a class 3 so that they may expand or

construct new buildings.

To manage the inconsistencies and appeals, the

planning agency uses PC Arc/Info (ESRI Inc., Red-

lands, CA.), a GIS software, to assist in the zoning

review. This article is limited to a discussion of the

issues associated with classes 3 and 4 of developable

zones.

4. Spatial criteria and derived information

4.1. The relationship

Ideally, zoning maps should coincide with a certain

criteria supported by the appropriate data sets. There-

fore, it is common practice to produce zoning maps by

overlaying diverse data sets according to a certain

criteria whenever GIS is applicable. Obviously, dif-

ferent sets of criteria and data will produce different

zoning maps. However, in practice, the data sets that

are available for a certain project during a certain

period are almost always incomplete. Therefore, the

task of choosing the appropriate criteria becomes an

essential component of any project.

In the current zoning plan of the YMS National

Park, spatial criteria consists of three constraints and

two factors relating to the assignment of an area in the

developable zones to a class 3 or 4 status. An area is

given class 4 status if it meets the following three

Fig. 6. The current zoning map (The YMS National Park Headquarters, Taiwan, 1999).
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constraints: (1) it is highly geologically unstable; (2)

the degree of its slope is more than 308, and (3) it is

located within a water quality and volume protection

area, (i.e. the land is deemed a precious water

resource, such as a reservoir or a geological water

source. Conversely, two factors allow for: (1) existing

settlement clusters, and (2) accessible areas from

major, secondary, or ordinary roads to be considered

(not in every case) for class 3 status.

When the zoning plan was initially produced in

1988, these ®ve criteria were informally treated as

guidelines due to the following reasons:

� At that time, the planners only possessed a 1:5000

scale topographical paper map. Other spatial data,

including geological stability, was insufficient to

support the information demanded by the criteria.

� Although, elevation contours were plotted on the

paper map, it was impractical for the planners to

manually calculate the degrees of slopes for the

whole national park given the time constraints.

� Concepts of accessibility and settlement clusters in

the two soft criteria were very vague and undefined.

Hence, these two criteria became very subjective.

Fortunately, these dif®culties are currently eased by

the addition of new data sets conducted by the YMS

National Park Headquarters and recently developed

GIS technology. A study recognizing the geologically

sensitive areas was ®nished in 1989. Basic maps,

including the zoning map, cadastral maps, and water

protection area maps, were digitized and a geographi-

cal information system was established in the early

1990s. Furthermore, a new 1:1000 scale topographical

map was completed in 1997. The new topographical

map was also released in a GIS format.

By employing the GIS technology, the appropriate-

ness of accessibility and settlement clusters on the

current zoning maps were examined, and vegetation-

sensitive maps can be also derived from topographical

maps. The following three subsections describe how

GIS techniques were used to explore the accessibility,

settlement clusters, and vegetation-sensitive areas.

4.2. Accessibility

The YMS zoning plan of 1988 vaguely recom-

mended that the areas of class 3 in the developable

zones should be accessible. There were no further

statements regarding a measurement of the degree of

accessibility. Fortunately, the accessible areas can be

currently partially identi®ed by using GIS technology.

According to the daily experiences of park man-

agers, a conjecture, (namely that accessible distances

from roads to developed sites are generally within

300 m), is proposed. To test this conjecture and

recognize the potentially inaccessible areas, buffered

areas (of 300 m as a threshold from the road systems),

were produced and overlaid to areas of class 3. It was

discovered that 28% of class 3 on the current zoning

map were not located within the conjectured acces-

sible distance (Fig. 7). This result implies that site

investigations should be conducted on the areas

beyond the conjectured distance to ascertain if: (1)

they are mis-assigned to class 3 on the current zoning

map, and (2) there is missing information, such as

unrecorded roads or trails, to be added.

4.3. De®ning settlement clusters

To satisfy the demands of an increasing population,

residents in areas of class 4 of the developable zones

are appealing to the planners to re-assign their zones to

Fig. 7. Areas of class 3 overlaid by buffered areas of 300 m from

roads.
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class 3 in order to obtain permits to construct new

buildings. From the viewpoint of the planning agency,

new buildings have to be restricted within the existing

settlement clusters so that numerous supply lines and

sewers can be managed to minimize environmental

impacts. However, there is no exact de®nition to

determine what settlement clusters are comprised of

in the YMS National Park, even though the current

zoning plan includes a settlement cluster map. Thus, a

key issue in the park is the identi®cation of settlement

clusters.

Among the diverse considerations from geographi-

cal, cultural, social, and historical perspectives, the

distributions of the distances among buildings and the

sizes of clustered built areas depicted on the current

settlement cluster map are important references for the

planners in order for a just ruling. To calculate these

distributions, GIS techniques are employed.

First, the centroids of buildings are identi®ed. Ana-

lyses of the triangulated irregular network (TIN) are

then performed upon the building centroids for each

settlement cluster. Fig. 8 depicts a component of these

analyses. The distribution of the building distances is

illustrated in Fig. 9, which demonstrates that most

buildings within a settlement cluster are 35 m apart.

Thus, a GIS criterion is established to specify that

buildings within 35 m of one another is a necessary

conditions for the buildings to be considered as a

settlement cluster.

Then the clusters within the built areas were iden-

ti®ed. To accomplish this, each building was buffered

by a measurement of 17.5 m, (i.e. half of 35 m). The

distribution of the number of buildings in clusters,

(which are de®ned as the connected areas of buffered

buildings), was plotted in Fig. 10. Since development

behaviors are discouraged in the national park, there is

a tendency to con®ne new buildings to well estab-

lished, yet limited, settlement clusters. Therefore, the

larger a clustered built area, the higher possibility that

it will be considered as a settlement cluster. However,

it is dif®cult to choose the minimum size of settlement

clusters. In fact, this determination is a political

process in order to balance the expectations of the

landholders and the planning agency. This is achieved

by conducting a number of public hearing.

As a result, two thresholds, associated with 35 m

and seven buildings, were employed to produce a

tentative map of settlement clusters (Fig. 11), which

depicts that there were 166 settlement clusters with

3545 (78.73%) out of 4503 buildings (in the entire

national park). The total area of settlement clusters is

about 270 ha, and 48% of the areas with settlement

clusters are currently assigned class 3 status.

Fig. 8. Triangulated irregular network analysis of settlement

clusters.

Fig. 9. Distribution of building distances.

Fig. 10. Distribution of sizes of settlement clusters.
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4.4. Vegetation-sensitive areas

Ideally, vegetation-sensitive areas should be derived

from vegetation maps. Yet, in the case of the YMS

National Park, vegetation maps are unavailable when

the zoning plan was under review. To remedy this

shortage, several botanists have suggested that a

200 m buffered area in the ridges and valleys be

designated as ecological sensitive areas. Accordingly,

GIS techniques have been employed to derive the

locations of ridges and valleys from the digital eleva-

tion data and then to compute the buffered areas.

5. GIS-based computation

After obtaining the digital data sets and spatial

criteria, the techniques of spatial analyses in GIS

are employed to: (1) construct tentative zoning maps;

(2) identify the potentially problematic areas; (3) test

`̀ what-if'' relations, and (4) propose possible policies

for the areas of classes 3 and 4 in developable zones.

As a result, the site investigations and public hearing

can be effectively implemented. The information ¯ow

of the GIS-based computation is presented in Fig. 12,

where the notations in the form of A B indicates

that the result (or value) of expression B is assigned to

the variable A.

Classes 3 and 4 areas in the developable zones on

the current zoning map were extracted and denoted as

CC3 and CC4, respectively. The union of CC3 and

CC4 is denoted as the study area S in the YMS case.

Settlement clusters, vegetation-sensitive areas, and

accessible areas (denoted as S1, S4, and S5, respec-

tively) are derived from the topographical map accord-

ing to certain spatial criteria and thresholds as was

previously illustrated. Conversely, other authorities

independently zoned the water protection areas and

geographically sensitive areas. In the YMS case, these

are exogenous data and denoted as S3.

The settlement clusters S1 in the study area S,

calculated by S \ S1, was assigned an accumulative

variable C3, which corresponded to the new areas of

class 3. The remaining areas were assigned a decreas-

ing variable S2, which was subsequently subtracted in

turn by: (1) the water protection areas and geographi-

cally sensitive areas (S3); (2) the steep areas where the

slopes equaled or exceeded 308, and (3) the vegeta-

tion-sensitive areas (S4). Then, the accessible areas

(S5) in the remained areas (S2) were added to C3. The

study area S outside of C3 was assigned to C4. Thus,

C3 and C4 represent a tentative zoning map. Similarly,

other tentative zoning maps can be produced by

establishing alternative criteria and thresholds.

Cadastral maps can be overlaid with the tentative

zoning maps to obtain some insights and propose

possible policies. Recognizing potentially proble-

matic areas can be achieved by comparing the current

and tentative zoning maps, (i.e. the differences

between C3, CC3, C4 and CC4). In particular, these

potentially problematic areas can be characterized as

either over- or under-regulated areas. Currently, over-

regulated areas merit more opportunities for land

development, and under-regulated areas require

further restrictions. Thus, the solutions to `̀ what-if''

questions can be tested by establishing different spa-

tial criteria and thresholds, and examining the corre-

sponding tentative zoning maps and potential

problematic areas.

Based on the preliminary analyses, these potentially

problematic areas require detailed site investigations,

careful examinations, and intensive discussions during

public hearing. The results of public hearing and site

investigations can then be inputted to reset the spatial

criteria and thresholds. Theoretically, new cycles of

producing or revising tentative zoning maps can be

inde®nitely evoked in this way. These cycles will

eventually arrive at a new zoning map.

Fig. 11. A tentative map of settlement clusters.
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For example, a tentative map based on the criteria

and thresholds mentioned in the previous section was

compared to the current zoning map in Table 1. The

coincident area (as represented on the diagonal) mea-

sures 4344 ha (79.69%). The over-regulated area

(Fig. 13) measures 48 ha (0.89%), while the under-

regulated area (Fig. 14) measures 1059 ha (19.42%).

The results reveal that the current zoning plan is not as

effective as was previously claimed, and suggests that

the over-regulated areas on the tentative map require

further site investigation to determine if they can be re-

designated as a class 3 area.

Furthermore, taking the land ownership information

into account can inspire feasible policies. For exam-

ple, by overlaying the cadastral maps on the under-

regulated areas, the planning agency discovers that

Fig. 12. Information ¯ow in GIS-based computation.
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there are 283 ha (26.72%) of public lands, 605 ha

(57.13%) of private lands, and 171 ha (16.15%) of

data unknown or unavailable. The planning agency

then establishes different policies for different land-

holders.

Public lands, owned by the Bureau of Forest Man-

agement of the Taiwan Provincial Government, could

be directly re-designated as class 4 through the admin-

istrative authority. Other feasible policies, such as the

land purchase or development right transfer of private

lands, have to receive further study and evaluation.

6. Conclusion

A GIS-based land-use zoning review process is

described in this article. It demonstrates a feasible

approach to integrate computing and noncomputing

processes residing in the zone planning. The GIS-

based computational ¯ow implies a possible imple-

mentation of planning support systems in the future.

This work also demonstrates how spatial criteria

can be speci®ed in an operational way. Particularly,

concepts of accessibility, settlement clusters, and

vegetation-sensitive areas are clari®ed in terms of

GIS computation. However, the GIS-based process

may be modi®ed or improved if additional databases

or new technologies are available.

Furthermore, the case of the YMS National Park

illustrated that GIS technology helped the planning

agency a lot. By adjusting the work ¯ow, providing

suf®cient information and analyzing potential pro-

blems in a systematic way, noncomputing processes,

including ®eld investigations, public hearing, and

zone plan review, proceeded informatively and effec-

tively. This experience is encouraging. It is expected

that the GIS-based process can be further generalized

so that not only other national parks but also general

city planning can take advantage of GIS technology.

Table 1

Comparison of land uses by original and revised criteria (ha)

New class 3 New class 4 Total

Original class 3 139 (2.55%) 1059 (19.43%) 1198 (21.98%)

Original class 4 48 (0.88%) 4205 (77.14%) 4253 (78.02%)

Total 187 (3.43%) 5264 (96.57%) 5451 (100.00%)

Fig. 13. Over-regulated areas.

Fig. 14. Under-regulated areas.
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