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ABSTRACT

Urban expansion patterns and the rapid, excessive growth of housing development have created a nega-
tive impact in city’s vegetation or urban green areas (UGA). Traditional urban planning does not adopt
a holistic approach at an urban-region level, nor considers ecological and environmental functions of
UGA, for example, changes in structure, function and dynamics. Throughout the world a deficit in veg-
etation cover is present, finding UGA below the minimum range established to meet urban standards
and to achieve the quality of life. The objective of this paper is to propose a methodology to analyse
and evaluate the structure, dynamics and function of UGA at the urban-region level in time. This paper
developed a regional and urban cover vegetation analysis for the period between 2004 and 2013 within
city and peri-urban area of Mexicali, B.C. Mexico. It was conducted through land use and land cover
analysis, and NDVI; using database of Mexicali urban development master plan, SPOT-6 and Landsat-
L8 images, as well as ARGIS and Maplnfo software. The results showed discontinuity in vegetation
cover in the rural-urban transition; four zones within the city that have vegetation cover with a signifi-
cant size, but their conditions are not in the most optimal state; poor UGA structure without connection
between its elements; homogeneous urban fabric which highlights the constructed space and bare soil
over the areas with vegetation; and that the arboreal vegetation occurs in lower quantity and quality
compared to grass cover.

Keywords: ecological planning, landscape, scales, urban green areas, urban planning, urban-region,
vegetation cover.

1 INTRODUCTION

Nowadays, the care and protection of the environment have become a constant issue in urban
and regional planning of the countries. This concern has been increasing due to the urban
expansion patterns as a result of the excessive growth and sprawl of housing development,
which has also caused a negative impact on land cover and land use change over productive,
forest and natural reserve areas for the conservation of natural resources that surround cities,
the reduction of biodiversity, the increments on temperature and air pollutants and, the deg-
radation, fragmentation and loss of connectivity of urban green areas. However, urban
planning and management authorities of such places have ignored the current problems and
planning models are too far from considering the provision of urban green areas through a
holistic approach including its ecological and environmental functions [1-4].

The relevance of the study of urban green areas lies on the opportunity to examine its
quantity, quality, distribution, connectivity and roles played in the city, as well as their inter-
action with surrounding areas, as mentioned by several authors [1,5,6]. In addition, urban
green areas have become a core element to improve population well-being through its func-
tions [7,8].
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Planning of urban green areas has been discussed from different perspectives, or from dif-
ferent scales such as regional, urban or site. Nevertheless, nowadays they have been treated
independently and without considering their inter-relationship [9,10]. On one hand, projects
of regional character or macro scale regularly with ecological or environmental approach, are
seeking to show if landscape have been affected by the rapid and uncontrolled urbanization
as well as changes in land-use patterns [3,4,11-18]. On the other hand, projects at urban or
meso scale are focused to highlight particular problems in specific areas [1,2,19-24]. None-
theless, these studies leave out the relationship between urban green areas with natural and
productive areas.

Due to the mentioned scenario, the following questions were stated: 1) Why planning of
urban green areas is not considered from a holistic approach in the city of Mexicali, B. C.,
Mexico?, and 2) Why urban development planning does not consider an ecological approach
to define land suitability for green areas through the analysis of structure and function of green
areas through time and scale in the city of Mexicali, B. C., Mexico?

According to what is shown in Urban Development Program Mexicali 2025 (PDUCP
2025) [25], the city of Mexicali, has a deficit in the coverage of green areas of 1.31 km?,
providing the city with just 2 m?person. Such number is below the minimum value deter-
mined in Mexico [25,26], which correspond to 5 m?person. Moreover, according to de Gante
and Rodriguez [27] the green areas of this city are below of what the World Health Organiza-
tion (WHO) establishes as the ideal range to achieve the quality of life of a city, which must
be between 10 m? and 15 m? of green area per inhabitant. Additionally, the Ecological Man-
agement Plan of the Municipality of Mexicali [28] indicates that the growth at east, southeast
and south of the city has led to the loss of agricultural areas and natural reserves, declining
biodiversity, increasing temperature and air pollutants. No matter of the situation, the author-
ities have not taken into account the current problems, and they continue ignoring the
ecological functions of urban green areas for their planning, management and supply from a
holistic approach.

Therefore, this work aims to propose a methodology that facilitates the analysis and assess-
ment of urban green areas in the city of Mexicali, B.C. Mexico from the transition between
two scales, regional and urban, in the period 2004-2013, based on the approach of the eco-
logical planning and landscape ecology principles [9,10,14,29-34] for the selection and
adaptation of those elements necessary to achieve the management, care, protection and pres-
ervation of green areas as a priority factor in promoting sustainability in the city of Mexicali,
BC, Mexico through a holistic planning of green areas.

2 METHODOLOGY

2.1 Study area

The study area is the urban area of the city of Mexicali, B.C. Mexico, and 7 km buffer to
the east, south and west of the periphery of the city. The city of Mexicali is the capital of
the municipality of the same name and the capital of the state of Baja California. It is
located in an arid area in northeastern Mexico in the physiographic province of the Sonoran
Desert (latitude 32° 40’N and longitude 115° 28’ W); its territory area is of 148.9 km? and
the total population in the urban area is of 689.775 inhabitants [35,36]. Mexicali is located
on the international border with the US; it is bordered by two agricultural valleys: to the
north with Imperial Valley, California, USA and to the south with Mexicali Valley, Mexico
(located in the lower Colorado River basin, particularly in the delta plain); to the east is an
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area of sand dunes; to the west is a strip of mountains that spread out from north to south
called: El Centinela, Sierra Cucapah and El Mayor [37, 38]. The soils of the urban area and
its surroundings are considered primarily of expansive clay type with low permeability,
and its terrain is relatively flat [39]. The climate is dry arid (BWh), has low rainfall. The
average annual temperature is 22°C, presenting minimum temperatures up to 2°C between
December to March and maximum temperatures up to 48°C between May and September.
The prevailing winds are northwest-southeast from November to April and southeast-
northwest from May to October. The natural vegetation is the Xeric scrub, represented by
species of Larrea tridentata, parvifolio scrub subinerme, Ambrosia dumosa and Ambrosia
deltoid, which mainly occupy the plains, alluvial fans and hillsides [25].

2.2 Data sources and method

To perform this analysis and assessment, it was proposed the analysis of land covers structure
and function at a macro (regional or periphery area) and meso (urban) scale, adapting the
methods and tools used by La-Greca et al. [4] at macro scale (1:250,000) and by Salvati and
Zitti [3] at meso scale (1:20,000). For both scales, it was identified and analysed the land uses
and cover, as well as cover change patterns in a period of 2004-2013. To perform these analy-
ses, information from PDUCP 2025 [25], Mexicali Cadastral provided by Landeros [40], and
medium resolution satellite images from year 2013 [41, 42] were used (Table 1).

2.2.1 Land-use analysis at regional and urban scale

To perform the land-use analysis at the regional scale or at periphery area, two types of land
uses were identified: Urban and agricultural. In addition to these groups, at urban land five
subgroups were identified: villages, roads, railroad tracks, drains and canals; and at agricul-
tural land, two subgroups were identified: land with crops or vegetation and uncultivated land
or in preparation.

Table 1: Information of satellite images. Own elaboration based on [42,43].

Scene/Year 2013 Scene/Year 2013

Type LC8 OLIS/TIRS Type SPOT 6
> Name LC80390372013167 Name 201304131S09526_
E LGNO0O ©) SEN_816018101
< PatRow  39/37 é > Pa/Row  39/37
= Date June 16 < O Date April 13
5 Bands 11 (RGB +SIR+TIRS) <Zc E Bands 4 (RGB+MR)
é Multi spectral 30 m ﬁ O Multispectral 6 m
= Panchromatic 15 m 2 E Panchromatic 2.5 m
2 9 0.34 z = Combined  1.5m
8 Cloudiness 8 Resolution
Y Quality 9 Ortho-rectified Yes

Ortho-rectified Yes Scale 1:50,000
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For the land-use analysis at the urban scale, information provided by the PDUCP 2025 [25]
was reviewed. It shows that for 2004, the city had 13 different urban land uses, divided into
two groups: 1) occupied land and 2) available land to be occupied. First, the land uses at
urban occupied area were: housing, roads, industry, trade and services, urban corridor, urban
facilities, mixed use, infrastructure, storage and services, maintenance, and green areas
(including only public spaces and those within the urban recreation facilities [26]). Second,
the land uses at urban available land to be occupied, presents the following: vacant urbanized
and non-urbanized, and rustic land. Therefore, this study considered the following land uses
as most important: 1) housing, due to the present vegetation in their private gardens, 2) green
areas such as urban parks, and 3) barren lands.

2.2.2 Land cover analysis at regional and urban scale

Land cover analysis was conducted with a Vegetation Index (VI) that can be defined as the
calculated parameter from the reflectivity values at different wavelengths that is intended to
extract the information related to vegetation, minimizing the influence of disturbances derived
from soil or weather conditions that occur at the time satellite photo is taken, it was also
needed the normalized difference vegetation index analysis (NDVI) [43]. To perform the land
cover analysis, the use of software IDRISI Selva V.17 and ArcMap 10 was necessary. Before
the land cover analysis is accomplished, it is necessary to carry out the treatment of satellite
images for both areas: periphery area (regional scale) and the urban area.

2.2.2.1 Treatment of satellite images. At the regional scale, a LC8 Landsat satellite photo
(scene) was used. The satellite image treatment is performed with IDRISI Selva V.17 soft-
ware. The original size of the scene was larger than the study area therefore a scene trimming
was conducted to delimitate the study area (Fig. 1). The elements that could generate confu-
sion in the land cover classification were eliminated as stated by Mather [44]: human
settlements, roads, railroad tracks, drains and canals. Giving as a result three types of land
cover: 1) irrigated vegetation, 2) recent vegetation and 3) barren farm land (Fig. 2).

At city or urban scale, Spot 6 image was used. Treatment to the image was done using
software ArcMap 10. Land cover or vegetation analysis was carried out through supervised

Figure 1: LC8 Landsat image defining the study area. Own elaboration based on satellite image [42].
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Figure 2: Image showing the classification of land cover. Own elaboration based on satellite image

[42].

classification method due to prior knowledge of the study area, either by field visits, research
articles in the area, and site images analysis [44]. To distinguish and interpret more easily, the
type of vegetation cover in the area, as well as to generate training sites a false color image
was necessary, therefore, a combination of bands was needed: 413 RGB (Fig. 3) as per Chu-
vieco [45]. Once this classification is done, eight types of land cover in the urban area were
obtained (color shown in parentheses): 1) Structures with dark color roofing (light red), 2)
Structures with light color roofing (white), 3) Vegetation/grass (light green), 4) Vegetation/
trees (dark green), 5) Vegetation/Agriculture (medium green), 6) Roads (gray), 7) barren
urban land (cream) , and 8) Water Bodies (blue) (Fig. 4).

The splicing of land cover at both scales, periphery and urban area, gives as a result an
image that shows 12 land covers in the area of study (color shown in parentheses): 1) vegeta-
tion/grass (yellow), 2) vegetation/trees (light green), 3) agricultural vegetation (medium
green), 4) barren urban land (light brown), 5) dark color roofs (light red), 6) light color roofs
(silver), 7) roads (dark gray), 8) water bodies (blue), 9) urban land (gray), 10) irrigated veg-
etation (bluish green), 11) recent vegetation (bright medium green), and 12) barren farm land
(cream) (Fig. 5).

2.2.2.2 Normalized Difference Vegetation Index Analysis (NDVI). The NDVI was applied
only to the vegetation cover within the urban area, because the land use in the periphery is
primarily for the agriculture. To perform this analysis, it was required the use of software
ArcMap 10. The ESRI [46] indicates that this process is used to represent the vegetation
greenness (values between —1.0 and 1.0).

3 RESULTS
The information obtained and updated point out that the urban area presented a growth of
3.58% over its territorial extension from 20,633.52 hectares in 2004 to 21,372.07 hectares of
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Figure 4: Land cover map in the city. Own elaboration based on satellite image [43].

land developed in 2013 (Fig 6). From the total of such surface, in year 2013, the 53.98% of
land use correspond to housing developments covering 11,538.58 ha showing an increase of
36.52% compared to what was shown in 2004. Green areas occupy 1.27% of the urban area
covering 271.32 ha decreasing 9.24% compared to what was in 2004. Finally, barren urban
land represent 26.50% of land use covering a total surface of 5,663.82 ha which represent an
increase of almost 21% compared to what was in 2014 (Table 2).

Therefore, it can be mentioned that although the housing land use has been increasing, this
increment has not been reflected with vegetation. Vegetation is the only land use presenting
coverage deficit over urban area.

Based on the information obtained from supervised classification, it is important to men-
tion that: first, on the periphery of Mexicali city, due to changing land use from agricultural
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Figure 5: Land cover map in the city and valley of Mexicali. Own elaboration based on satellite
images [42,43].
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Figure 6: Land use in the urban area of city of Mexicali. Based on PDUCP 2025 [25].

to urban, a land cover discontinuity is present in the transition from rural to urban area
(Fig. 7); second, vegetation cover in the urban area of Mexicali, based on the NDVI image
(Fig. 8), shows how the urban fabric is very homogeneous, highlighting buildings and road-
ways, i.e., it can be considered as a city where the gray of the buildings prevail. It does not
show any pattern of connectivity. The city present clusters on certain areas where vegetation
is more abundant than in the rest of the city.
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Table 2: Comparative chart of land use and green areas in Mexicali. Own elaboration
based on PDUCP 2025 [25] and Landeros [41].

2013
2004 URBAN URBAN Coverage %

LAND USE AREA (has) 2004 % AREA (has) 2013 % 2004-2013
Housing 8,451.94 40.96 1L53S.IS  53.98 +36.52
Urban Green Area 298.93 1.45 271.32 1.27 -9.24
Barren land 4,682.91 22.70 5,663.82 26.50 +20.95
Other 7,199.74 34.89 3,898.35 18.25 -54.15
TOTAL Urban 20,633.52 100 21,372.07 100 +3.58

Area

Figure 7: Circles show discontinuity in vegetation cover. Own elaboration based on satellite images

[42,43].

There was found four vegetation clusters located at north, west and at core area of the city.
(Fig. 9). Furthermore, it stands out that grass is the representative element with larger volume
in land cover. It also shows that trees have no relevance in this city’s land cover.

4 DISCUSSIONS

This study allows highlighting that the city of Mexicali, BC has poor structure in its green
areas with limited connection between its elements resulting in a disjointed ecological func-
tion of its green areas. When planning of green areas is managed from a particular or single
approach through a single scale without considering time, it leaves out the possibility of link-
ing, highlight and propose solutions to the problem that has been presented at the transition
of land use and land cover changes from urban into rural areas with obsolete productive soil
throughout the time, that is the case it was tried to prevent with this study contrary to what it
was done by La-Greca et al. [4] and Salvati and Zitti [3].
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Figure 8: NDVI map in Mexicali. Own elaboration based on satellite image [43].

SIMBOLOGIA
= Linea intemacional
Veg_Pasto

B veo_ Aol

Figure 9: Circles in red represent areas of vegetation concentrated as clusters in the city.
Own elaboration base on satellite images [42,43].

It should be pointed out that performing an analysis with a methodology that covers time
and scale change of cover patterns in vegetation allows a comprehensive analysis to propose
strategies to solve problems presented in: 1) changes of land-use periphery areas due to the
growth of the urban area; 2) identify areas and patterns of major loss or decrease in vegetation
cover in the urban-rural transition; 3) the excessive growth of new residential projects, located
particularly in periphery areas, which do not consider the green areas as an integrating ele-
ment in the planning of these spaces.
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