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ABSTRACT

_ Urban green space, an important component of urban ecosystems, plays a pivotal role in preserving
biodiversity inurban area. Recently, there is no balance between green spaces and construction land within urban
land patterns. This paper aims to analyze the suitability of developing urban green space in Hue city by utilizing
GIS and AHP. Nine suitability factors/criteria of urban green space expansion were selected as: Slope, distance
formwater network, land use/Land cover, Population density, Distance from Main Street, House density, Distance

from historical place, Distance from park, and Land price. By overlaying layers with weighting of those suitability

factors, the suitable locations for developing urban green space of Hue was obtained and classified into 5 levels:
no suitable, less suitable, suitable, relative suitable, and very suitable. The results show that the area of green
space in accordance with all criteria in a high suitable level is 7.29 ha (accounting for 0.10% of the total area),
relatively suitable area is 369.19 ha (occupying 5.52%), suitable area occupies the largest area of 3723.59
hectares (corresponding to 51.88%), less suitable level is 2889.96 hectares (occupying 40.28% of the area), and
no suitable is 159.43 ha (making up 2.22% area). These research findings will be used as a foundation for
development plan for urban green spaces in backdrop of climate change challenges in Hue City.
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1. INTRODUCTION

Urban green spaces are significant aspect of urbanized ecosystem, which provide a variety
of environmental and social services for enhancing life value. In urban structure, green spaces
are an integral part of the natural - cultural - social characteristics and development level of each
region and country in each historical stage. Worldwide, rapid urbanization has been destroying
or degrading green space types for a variety of land use purposes. Natural ecosystems are being
gradually replaced by urban ecosystems, which decreasing the accessibly between residents and
green space. Green spaces are becoming an important measure in assessing the environmental
quality and ecological sustainability of urban land use planning (Kshama Gupta et al., 2012).
Hence, the provision of urban green space for highly urbanized areas in developing countries is
a huge challenge for the local authorities (Z. A. Lashari, et al., 2017).

Hue city, located in the center of Vietnam, is well known as a green city. However, under
the challenges of rapid urbanization and risk of climate change and natural disasters, green spaces
are gradually decreasing due to the occurrence of impervious surface. Therefore, selecting
suitable site for allocating optimum urban green spaces is necessary for ensuring their roles
and functions as well as for responding to the city standard. "

Analytic hierarchy process (AHP) approach is one of the techniques for weighting the
factors that the effective criteria on the development of optimum green space. Geographic
Information System (GIS), on the other hand, is well known as a beneficial technique in land
suitability assessment, land use suitability mapping and spatial analysis. Combining AHP and
GIS enables decision support systems by providing suitable maps (Z. Saeedavi et al., 2017).
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The purpose of this research is to conduct urban green space suitable analysis (UGSA)
in Hue city by employing multi-criteria analysis techniques with the support of AHP and GIS.
This result may assist and provide benefit to city planner as well as government authorities in
ensuring proper urban land use planning and management in general and in orienting urban
green space plan in particular for sustainable development.

2. STUDY AREA

2.1 Study site

Hue is a city of Thua Thien Hue Province locating
in the center of Vietnam. It has an area of 7076.28 ha
with a population of 356,159 people (2017). Currently,
Hue City has 23 parks, of which only one park has an
area of over 10 hectares and seven parks cover an area
of 2-9 hectares. According to the report of Hue Green
city action plan, the ratio of green space area per person
is about 6 square meters (m?), which is slightly lower
than the standard for a city of Class I to II (6 m?-7,5
m?/person)  (Asian Development Bank, 2015).
Therefore, one of the main tasks of this city is to Figure 1: Study area
maintain the existing green space and to allocate
optimum land use to urban green space.

2.2 Materials

The spatial and non-spatial data were gathered from various Thua Thien Hue government
departments and authorities as showed in table 1.

Table 1. Data collection for analysis

Data Type Sources Scale
Landuse map 2017 (*.dgn) Microstation CNRET- DONRE 1:10.000
Topographic map Geodatabase GISHue project, EDIC 1:10.000
Master plan and Land use (*.dgn) Microstation  People’s Committee 1:10.000
planning to 2020

Population census in 2017 Figures Statistic Department Ward level

Historical Flood Scenario 2009 *.shp People’s Committee 1:10.000
3. RESEARCH METHODOLOGY
3.1 Framework of analysis

In this study, the GIS based land suitability analysis integrated with AHP technique was
employed as the multi-criteria decision analysis for urban green space suitable analysis
(UGSA) in Hue city. In this analysis, AHP technique was also used to set the criteria for having
the information about various land suitability alternatives from different experts. Meanwhile,
GIS was utilized in mapping the thematic map for each criteria as well as in conducting the
spatial analysis (Mathias Tesfaye Abebe & Tebarek Lika Megento, 2017; Z. A. Lashari, et al.,
2017). UGSA is implemented through the following steps (Figure 2).
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GIS techniques AHP method

"Weighting the criteria and
weighted overlaying

Suitability urban green
space map

Figure 2. Flow chart of urban green space suitable analysis

3.2 The urban green space suitable analysis (UGSA)

Based on referring natural, socio and economic characteristics of the study area, literature
review and expert opinions, the problem of UGSA in Hue city was defined. The criteria utilized
for UGSA were appropriately selected based on literature review and prior knowledge of this
particular field. A total of 9 factors used as input datasets were collected from various sources.
Map preparation for each of the determined criteria was done by spatial processed (distance
and proximity analysis, and weighting overlay) in ArcGIS software.

Each criteria/factor score (thematic layer in *.shp file) was standardized by converting
into a raster at 30 x 30 m resolution. In each factor, the rate of suitable for green space
development was defined and reclassified into: Highly suitable (S1), relatively suitable (S2),
suitable (S3), less suitable (S4), and Unsuitable (N) for urban green space corresponding to the
score of 5, 4, 3, 2, 1, respectively (Table 2). The weight for each criteria was determined based
on its importance for the green space development with the analytical hierarchy process (AHP)
technique. Questionnaires were prepared and 12 experts in urban land use planning were asked
to assign a weight to each factor based on their desired priorities for this ground. After
collecting data from the questionnaires, the mean of the total votes was calculated and then
computated, the weight of each factor was obtained. If the consistence ratio (CR) is <0,1 the
weighting score is satisfactory.

Spatial overlaying was done for urban green space development after calculating the
weight of each factor and the map of suitability, by which the final fitness was obtained in
ArcGIS with raster calculator (Weighted Overlay). Based on the finding of suitable site for
urban green space development, this paper also takes account in the Master plan and Land use
planning to 2020 as well as the historical scenario of 2009 inundation of Hue city for orienting
the urban green space development.
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Table 2. The criteria for site selection and suitable analysis of urban green space

Criteria/Factors

Description

Level of suitability

References

Slope (%)
SLo

The areas with low slopes are
highly suitable for developing
park

S1:0-5; §2: 5-10
S3:10-15; S4: 15-30
N:>30

Elham Yousefi et al.
(2016), Mathias T. A. &
Tebarek L. M. (2017)

Distance from water

The closer to stream banks get
more preferences; contribute to
maintain the environmental health

S1:0-30; 82: 30-60
S3: 60-90; S4: 90-120; N:
>120

Vietnam Ministry of
Construction (2012),
Mathias T. A. &

network of the area; Lands closest to water Tebarek L. M. (2017)
DWa resources like rivers, lakes, and Elham Yousefi et al.
reservoirs are highly suitable for (2016)
green space development.
Capacity of land use type can be S1: Bare land; S2: Mathias T. A. &

Land use/Land cover
LULC

changeable into urban green space

Dedicated Green Space
land, Park Green Space
land, Road Green Space
land; S3: Forest land; S4:
Agriculture land; N: Built-
up and transport area

Tebarek L. M. (2017)

Population density

The areas closer to residential

S1:>140; S2: 100-140; S3:

Mathias T. A. &

areas are highly suitable for 60-100; S4:20-60; N: <20  Tebarek L. M. (2017)
(people/ha) :
PDe developing green space Elham Yousefi et al.
(2016)
The green space site is preferable S1: 0-25; S2: 25-50 Elham Yousefi et al.
when it is located at a suitable S3: 50-75; S4: 75-100; N: (2016)
Distance from main  distance from roads in order to >100 Thua Thien Hue
street (m) easily access transportation, People’s Committee
DSt enhance the possibility of Mathias T. A. &
monitoring and maintain their Tebarek L. M. (2017)
security for citizen.
: High density of house should be S1:>20;S82: 15-20; S3: 10-  Existent conditions of
House density i ; =y :
5 priority  for  green  space 15;S4:5-10; N: 0-3 city
(%) HDe
development
Distance from Hue’s complex of monuments is S1:0-0,5; S2: 0,5-1; S3: 1- Mathias T. A. &

monuments (km)
DMo

featured on UNESCO’s world
Heritage, hence green space
development must be not erase the
monuments, contribute to
maintain and preserve the cultural
and historical site in ecological
balancing,.

1,5; S4: 1,5-2; N: >2 and
the monuments areas

Tebarek L. M. (2017)

Distance from park
(km) DPa

The area which is farthest from the
existing park highly requires the
green space due to the lacks of
green  space or  vegetation,
balancing the number of green
space and parks between the areas.

S1: >3; S2: 2-3; S3: 1-2;
S4: 0,5-1; N: <0,5.

Mathias T. A. &
Tebarek L. M. (2017)

Land price
(1.0 VND/m?)
LPr

The areas with the cheaper price
will be priority than those areas
with the higher price for urban
green space development

S1: <3.500; S2: 3.500-
6.500; S3: 6.500-9.500;
S4: 9500-1.600; N: >
1.600

Elham Yousefi et al.
(2016); Decision
number 75/2014/QP-
UBND of Hue city
people’s Committee

4. RESULT AND DISCUSSION

4.1

Mapping and weighting the criteria/factors

The proximity maps was prepared for each of the criteria of distance from water network
(DWa), distance from main street (DSt), distance from monuments (DMo) and distance from

International Symposium on Geoinformatics for Spatial Infrastructure Development in Earth and Allied Sciences 2018

179



park (DPa). The maps of slope (SLo), land use/land cover (LULC), house density (HDe) and
land price (LPr) also were created and classified for the final suitability of urban green space.

AHP pairwise comparison matrix was created and criteria weights were calculated for
each factor by comparing factors on a scale from 1 to 9 with 0,01 CR (acceptable for AHP
analysis). The reclassified input datasets were assigned with a weight value to express the
importance of each criterion to the other criteria for suitable site selection for green space. The
suitable green space development was created through the formulation: Final map= SL0*0,07
+DWa*0,04+LULC*0,31+PDe*0,20+DSt*0,11+HDe*0,09+DMo*0,11+DPa*0,04+LPr*0.0
3 (Figure 3).
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4.2 Suitability analysis for urban green space development

In order to select suitable sites for green space development, all the reclassified input
datasets were overlaid using the Weighted Overlay tool in ArcGIS. The distribution and
proportion of suitability level for urban green space development were showed in Table 3 and
Figure 4.

As found in GIS-base UGSA in Table 3, the result identified 7.29 and 369,19 ha area are
highly suitable and relatively suitable for green space development, accounting for 0,1% and
5,52% of the total area, respectively. Those areas are situated inside the Citadel, where there
are many monuments and ponds but few green space for the urban residents. The largest area
suitable for green space development, which covers 51,88% (3723,59 ha) of the area, is
distributed mainly in the center and the south west of the city. The existing land cover types in
this area are mainly agriculture, forest and vegetation. The less suitable level is 2889.96
hectares, occupying 40.28% of the area, which is located mainly in the built-up area with high
residents’ density. Those areas are located mainly in the northwest, and southeast of the city.
The remaining 159,43 ha (2,22%) is unsuitable for green space development.

Integrating suitability map for green space development with the master plan and land
use planning to 2020 and 2009 historical flood scenario, the planning for urban green space
development was conducted as follows:

In the highly suitable and relatively suitable areas for green space development, it is needed
to build green parks, new green urban residential areas, green traffic and squares. These should be
built on land use areas which are planned for public purposes focusing on green urbanization and
ecological urbanization (such as Con Hen). As for highly suitable areas in highly flooded location
(inner city), there should be plan for building regulating reservoirs. The reservoirs can function as
green trees and simultaneously regulate water during rainy and flood season, which can reduce the
risk of high flooding in the area. Regarding the suitable areas in the south and south west of the
city, there should be good protection of the existing landscape (forest plantation, ecological
agriculture, and nursery garden). With unsuitable areas (relics), it should not be planned to expand
urban green space. For less suitable areas, a system of green trees or decorative flower pots should
be developed along the streets, especially in high density of traffic and population areas. This can
contribute to air conditioning and environmental protection.

Table 3: Proportion area of suitability level for
urban green space development

Suitability level Area (ha) P“"F,,Z';"““
Unsuitable 159,43 222
84 | Less suitable 2889.,96 40.28
S3 Suitable 3723,59 51.88
| Rolatvely 396,19 5.5
: suitable
Highly suitable 7,29 0.10

Figure 4. Final suitability map for
urban green space development
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5. CONCLUSION

Under the impact of urbanization, built-up area in Hue city has expanded dramatically
while urban green space areas are shrinking, which leads to emerging challenges to green city
goal. The paper applied an integrated multi criteria analysis, with a combination of GIS and
AHP, in classifying the suitability level for urban green space development. This effective
method is of low cost and can easily provide up-to-date information under the dynamics of
recent urban land use/land cover change. The results show that the area of green space in
accordance with all criteria in a high suitable level is 7.29 ha (accounting for 0.10% of the total
area), relatively suitable area is 369.19 ha (occupying 5.52%), suitable area occupies the largest
area of 3723.59 hectares (corresponding to 51.88%), less suitable level is 2889.96 hectares
(occupying 40.28% of the area), and no suitable is 159.43 ha (making up 2.22% area). These
research findings will be used as a foundation for development plan for urban green spaces in
backdrop of climate change challenges in Hue City.

REFERENCES

Asian Development Bank (2015), Hue GrEEEn city action plan. Mandaluyong City, Philippines, ISBN
978-92-9257-163-4 (Print), 978-92-9257-164-1 (PDF) Publication Stock No. BKK157457-2

Ministry of Construction (2012), National standard TCVN 9257:2012 on “Planning of public green trees in
urban areas — Standards for design”.

Elham yousefi, Esmail Salehi, Seyed Hamid Zahiri, Ahmadreza yavari (2016), Green Space Suitability
Analysis Using Evolutionary Algorithm and Weighted Linear Combination (WLC) Method,
Space Ontology International Journal, Vol. 5, No. 4,pp. 51-60.

FAO (2006), Guidelines for soil description. Food and Agriculture Organization of the United Nations, Rome.

Kshama Gupta, Pramod Kumar, S.K. Pathan, K.P. Sharma, - Urban Neighborhood Green Index — A
measure of green spaces in urban Areas, Landscape and Urban Planning 105 (2012) 325-335

Mathias Tesfaye Abebe & Tebarek Lika Megento (2017), Urban green space development using GIS-
based multi-criteria analysis in Addis Ababa metropolis, Appl Geomat, pp. 1-15,
https.//doi.org/10.1007/s12518-017-0198-7.

Z. Saeedavia, B. Khalili Moghadama*, M. Bagheri Bodaghabadib, N. Rangzana (2017), Land
suitability assessment for urban green space using AHP and GIS: A case study of Ahvaz parks,
Iran, Desert, Vol. 22, No.1, pp. 117-133.

Z. A. Lashari, M. Y. Mangi, N. Sahito, S. Brohi, S. Meghwar, Q. U. D. Khokhar (2017), Land Suitability
Analysis for Public Parks using the GIS Application, Sindh Univ. Res. Jour. (Sci. Ser.), Vol.49, No
3, pp. 505-512.

Orientation planning for developing urban green space by integrating GIS and AHP: A case study in Hue City
182



