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ABSTRACT

Private green spaces are considered an important part of urban greenery. However, the
extent of private green spaces in an informal city like Kabul is unknown. To this end, this
study has mapped out the private green spaces in the informal settlements of Kabul city.
A Geographic Information System (GIS)-supervised image classification technique was used
to identify these private green spaces in three of the 22 police districts (PDs) in the city.
Briefly, the classification consisted of defining training samples, extraction of signature and
classification of the imagery. As a result, 330.3 hectares were identified as private green
spaces, which made up 12.3 % of the total area of informal settlements in these three districts.
With 217.1 hectares, PD7 had the largest area of private green spaces among the three police
districts, contributing to 65.7 % of the overall area of private green spaces, followed by PD8
(21.3 %) and PD16 (13 %). In future, the map generated in this study could be used to
monitor, manage and conserve the existing urban greenery in the face of private green spaces.
The results could also be utilised by the Kabul Municipality and other relevant departments
to implement an upgrading programme in the informal settlements of Kabul city, which
would lead to fulfilling the environmental needs of the residents.

Keywords: Informal settlements; pixel-based analysis; private gardens; urban domestic
gardens; vegetation mapping.

INTRODUCTION

The world’s population is approximately 7.6 billion presently and is predicted to reach
almost 10 billion by the middle of this century (UN, 2017). Urbanisation has been one of the
main factors of this vast population growth, with the number of people living in urban areas
exceeding the number living in rural areas nowadays (UN, 2018). In Afghanistan, where
rapid urbanisation is being witnessed, the majority of people live in informal settlements with
limited access to urban facilities (Nazire & Kita, 2016).

Generally, informal settlements are defined as dwellings with no security of tenure, facing
lack of basic services and infrastructures, and not built according to planning of the city
(Gram-Hansen et al., 2019). UN-Habitat (2003) defined informal settlements as houses that
are not recognized and addressed by governments as integral or equal part of cities. Informal
settlements, in a neighbouring country of Afghanistan-Iran, are referred to dwellings that
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have lower access to public facilities and are faced with poor household economy and high
population density in the area (Irandoost et al., 2014). Informal settlements in Afghanistan
are houses that are against the master plan and/or built on lands bought from illegal market
(Gebremedhin, 2005).

The construction of informal settlements in developing countries is a distinct impact of
urbanisation (Paar & Rekittke, 2011). If measures are not taken, there will be around 2 billion
people living in these kinds of dwellings by 2030 (UN-Habitat, 2003). Thus, cities like
Kabul, with its remarkable urban development and rapid relocation, have been experiencing
large numbers of informal dwellings (Nazire et al., 2016). As a result of vast urbanisation,
and the resulting rise in informal settlements, infrastructure such as transport, water
management and public green spaces are put under pressure and may even disappear (Pafi
et al., 2016). Kabul, being the capital and largest city of Afghanistan, has attracted millions
of people from rural areas and the provinces who have flocked into the city and constructed
informal settlements. Despite the fact that these informal settlements provide housing for
more than 80 per cent of the urban population of Kabul city, they lack public facilities such as
schools, clinics and public green spaces (The World Bank, 2005; Fazli, 2016). Further details
about settlements in Kabul city are presented in Table 1.

Informal settlements have lower socioeconomic status and less access to urban green
spaces (Lin et al., 2014). Although Kabul Municipality and other relevant departments have
launched projects targeting informal settlements, such as upgrading of roads and other
physical development, the government has failed to provide these settlements with green
space initiatives (Fig. 1).

Table 1: Statistics about formal and informal settlements of Kabul city
(Source: The World Bank, 2005)

Total Residential Land Use Area (ha) | Population | Area (%) | Population | Average
(%) Density
Formal 3,266 531,000 31% 18% 163
Informal 7,156 2,442,000 69% 82% 341
Total Residential areas 10,422 2,973,000 100% 100% 285
Of which
Formal Apartments 180 91,000 1.7% 3.1% 505
Townhouses 17 5,000 0.2% 0.2% 293
Detached houses 3,069 435,000 29.5% 14.6% 142
Informal Detached houses 333 88.000 3.2% 3.0% 264
Courtyard houses 5,796 1,980,000 55.6% 66.6% 342
Houses on slopes 1,026 375,000 9.8% 12.6% 365
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Fig. 1: Informal settlements and the one-dimensional or physical upgrading
interventions. (Source: Nazire et al., 2016)
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The lack of interest from the government, an absence of useful information and
competition for space in informal settlements are the reasons why environmental projects
have not been conducted so far (Nazire et al., 2016). Interestingly, the majority of the users of
the few public green spaces available in the formal areas of Kabul city are men; women are
faced with security, social and cultural restrictions in accessing them (Telesetsky, 1998; Alvi,
2011; d’Cruz et al., 2014; Diyarbakirlioglu & Yigit, 2017).

With the increase in urban population, thousands of people die every year because of air
pollution and high summer temperatures around the world. To mitigate these effects, urban
green spaces are considered to be the most effective and sustainable sources for cleaning and
cooling the air (Zupancic et al., 2015). Kabul, one of the most polluted cities in the world
(AirVisual, 2018) and where conditions are deemed to be very unhealthy, does not have the
full benefit of these mitigating effects. There are few public green spaces within the city and
none in its informal areas, with only private urban green spaces available for the use of the
majority of city residents.

As far as the definition of the term “private green space” is concerned, it should be
context-specific. In Switzerland, private green space is referred to small privately owned
greenery within urban area that is adjacent to or surrounding dwellings (Lindemann-Matthies
& Marty, 2013). Similar definition of private green space can be found in UK context
(Gaston et al., 2005). In Netherlands, private green space is referred to an outdoor extension
of a dwelling (Coolen & Meesters, 2012). In Australia, it is considered an urban green space
that can be used by family members mostly for recreational activities (Halkett, 1978). Private
green space in informal settlements of Kabul city is referred to the urban green space that is
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extension of a building and is surrounded by walls of the house. It is mostly used by the
family members living in the informal settlement. Relatives and friends to the family use the
private green space during their visits and occasions organized in the informal settlement.

Cameron et al. (2012) pointed out in a study in the United Kingdom that, contingent on the
age and geographical position of cities, private green spaces can comprise up to 36 % of total
urban spaces. Farahani et al. (2018) explained, in a qualitative study conducted in Australia,
that private green spaces can provide many benefits and play a major role in residents’ lives.
For example, private green spaces can bring pleasure, satisfaction and happiness to residents.
However, the activities and facilities in private green spaces are of a different quality when
compared with public green spaces. Farahani et al. (2018) also concluded that there are
people who turn to private green spaces to compensate for the lack of public green spaces.
Thus, their use of private green spaces is dependent on the availability and accessibility of
public green spaces. A study by Gaston et al. (2005) in Sheffield in United Kingdom revealed
the contribution of private green spaces to the provision of habitats for wildlife as well as
their capacity to hold remarkable numbers of trees, ponds, nest boxes and compost heaps.
Similarly, private green spaces are considered an integral part of dwellings because they
provide casual leisure to the dwellers (Coolen & Meesters, 2012).

Although private green spaces are considered an important part of urban green spaces, the
majority of cities do not have enough private green spaces in their inventories (Mishra &
Bell, 2016; Baker & Smith, 2019). Hardly any research has concentrated on private green
spaces in the urban milieu (Loram et al., 2008; Mathieu et al., 2007; Cameron et al., 2012;
Farahani et al., 2018). Researchers have mostly focused on the human responses to public
green spaces rather than private green spaces (Farahani et al., 2018). The reason behind these
shortcomings in regard to research is the failure of governments to manage and control
private green spaces. Limitations in providing resources and inaccessibility of sites are also
pointed out as challenges to conducting research on the distribution and other qualities of
private green spaces (Loram et al., 2007; Kendal et al., 2012). Nevertheless, with the advent
of high-resolution imagery and GIS technology, it is now easy to monitor and map urban
green spaces, an undertaking that was costly and time-consuming not so long ago (Mohd
Yusof, 2012).

Kabul has experienced the same lack of research on private green spaces and the Kabul
Municipality and relevant ministries and departments have only focused on public green
spaces. According to JICA (2011), approximately 750 hectares of park areas are available
across Kabul city. GolRA (2016) claimed to have mapped 123 hectares of public green areas
in the city. Nonetheless, public green spaces make up only a very small proportion of the
city’s formal areas. It is hard to set up additional public green spaces in the city due to the
high value of land, budgetary constraints, and more importantly, because of the informal and
compact shape of the city. Poor management has also been considered a key factor in the
deterioration and decrease of public green spaces (Darkhani et al., 2019). The inequality in
the distribution of public green spaces in cities is a valid reason to prioritise urban green
space studies and projects (Farahani et al., 2018). To date, no such studies have been
conducted to map the extent of private green spaces in Kabul city. Hence, this research was
aimed at mapping private green spaces in the informal settlements of the city. The study used
GIS-supervised classification and high-resolution aerial imagery to identify the distribution
of private green spaces.
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METHOD

Study area

Kabul is located in the eastern region of Afghanistan. The city experiences four seasons
each year. The temperature in winter falls below 0°C and increases to around 40°C in
summer (Camalan, 2007). There are 22 police districts (PDs) in the city and three police
districts were selected as study area for this research (Fig. 2).

The police districts were chosen based on their characteristics, which were representative
of the entire city. In all of these PDs, majority of the residents live in informal settlements.
The characteristics also included the lack of public green spaces in informal area of these
three PDs. Lack of women’s parks in the informal area of these PDs could be a more specific
characteristic resembling the entire city. The selection was also based on their reasonable
security levels, allowing a smooth data collection process for future research on the relevant
topics. The total area of the three PDs was 106 km? with PD7 covering 32.5 km? PD8
comprising 48.4 km? and PD16, 25.1 km?. The majority of the urbanized area was occupied
by informal settlements. Nearly half a million women lived in these three districts with the
total population being around one million (CSO, 2017). This confirmed prior reports that
revealed the almost equal ratio between men and women in Kabul city and in Afghanistan as
a whole.

Fig. 2: Location of the study
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Supervised classification of private green spaces
Table 2 shows the three-band high-resolution aerial imagery (0.5 m) used in this study. The
orthophoto was captured in 2016 and was received from Afghanistan’s Ministry of
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Agriculture, Irrigation and Livestock (MAIL). The entire process of mapping private green
spaces was completed using ArcGIS 10.5 software. The total area of the three PDs was
10,600 hectares with 2, 687.3 hectares identified as informal settlements.

Table 2: Statistics of individual layers/bands of high-resolution aerial imagery

Layer/Band Min Max Mean STD
1/RED 1.0000 241.0000 116.5792 29.0065
2/GREEN 1.0000 253.0000 119.3274 29.5891
3/BLUE 1.0000 255.0000 116.6754 28.5434

The delimitation of the area of informal settlements was completed in three steps: (i)
georeferencing the JPEG for urbanized area differentiating formal and informal settlements
of the three PDs in 2007 by Ministry of Urban Development (Nazire et al., 2016); (ii)
converting the informal areas of the georeferenced file to vector polygons and updating them
for informal settlements according to the imagery of 2016; and (iii) cropping the imagery
based on the vector (Fig. 3).

Fig. 3: The delimitation of the area of informal settlements for the study
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With the available type of imagery, GIS-supervised classification was used to map private
green spaces in the informal settlements of these three districts. Preprocessing,
post-processing and accuracy assessment were the three main stages in the classification
process. The three steps in the post-processing stage were: (i) defining training samples; (ii)
extraction of signature; and (iii) classification of the imagery. The maximum likelihood
approach was used for supervised classification. Fig. 4 presents a reproducible flowchart of
the classification. In line with the objective of this study, the imagery was categorised into
two classes: (i) ‘Private green spaces’; and (ii) ‘Others’. A total of 76 training samples were
created for private green spaces and their homogenous distribution was verified (Fig. 5).
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Fig. 4: Flowchart of the supervised classification and mapping of private green spaces (PGS) in the informal settlements of Kabul city
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Fig. 5: Homogenous distribution of training samples for PGS
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Accuracy assessment
A three-step process was used to conduct an accuracy assessment: (i) generating ground
truth points; (ii) extracting raster values to ground truth points; and (iii) calculation in
a confusion/error matrix. On examining the area and distribution of the private green spaces,
an equalised stratified random sampling approach was utilised to create 100 reference points
for the assessment, 50 for each class. The user accuracy (UA), producer accuracy (PA) and
overall accuracy (OA) were then estimated (Estoque et al., 2015), where;
a) UA was the total number of correct pixels in a class divided by the sum of pixels in
the row;
b) PA was the total number of correct pixels in a class divided by the sum of pixels in
the column;
c) OA was the total number of correct pixels summed along the major diagonal
divided by the total number of pixels in the error matrix.
(UA, PA and OA were expressed as percentages).

RESULTS AND DISCUSSION

Two classes, ‘Private green spaces (PGS)’ and ‘Others’ were created as a result of the
supervised classification of the imagery for informal settlements in the three districts. Out of
the 2,687.3 hectares of informal settlements in the three districts, 330.3 hectares were
identified as private green spaces (Fig. 6). The ‘Others’ class, which included all spaces
except private green spaces, covered 2,357 hectares of the total area. Private green spaces
made up 12.3 % of the total area of informal settlements and the remaining 87.7 % consisted
of the rooftops and other unvegetated items that were considered under the ‘Others’ class.

With 217.1 hectares, PD7 had the largest acreage of private green spaces among the three
districts, which constituted 65.7 % of the overall area of private green spaces.

To facilitate discussion of the current results, it is important to mention that 46.8 % of the
total area of PD7, or 3,250 hectares, was reported to be urbanised (JICA, 2011). The results
of the current study confirmed JICA’s report showing that PD7 had more than 40,000
informal dwellings, which was the most among the three PDs and which made up 95 % of the
urbanised area (JICA, 2011). The majority of the informal settlements were courtyard houses
that allowed space for establishing private green spaces (The World Bank, 2005). With
a lower number of informal settlements compared with PD7, PD8 and PD16 had 21.3 % and
13 % of the identified private green spaces, respectively (Table 3). Such a positive relation
between number of settlements and area of private green spaces was also noticed by Davies
etal. (2009) in UK context.
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Fig. 6: Distribution of private green spaces in the informal settlements of Kabul city
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Table 3: Details on the police districts

Total Area of informal Othersin PGS in PGS in
ota
PD Population settlements for study area | study area study
area (ha)
the study (ha) (ha) (ha) area (%)
PD7 403,561 3,250 1,239.1 1,022 217.1 65.7
PD8 335,481 4,840 784.3 714 70.3 21.3
PD16 165,336 2,510 663.9 621 429 13
2,687.3 2,357 330.3
Total 904,378 10,600 100
(100%) (87.7%) (12.3%)

With private green spaces making 12.3 % of the total area of the informal settlements, the
results of the study revealed some similarity to the relevant global literature. Previous studies
found that private green spaces contribute remarkably to the total urban area. Gaston et al.
(2005) and Cameron et al. (2012) mentioned that private green spaces comprised more than
20 % of the city area in Sheffield, United Kingdom. Other cities in UK were reported with
similar percentages (Loram et al., 2007). The total private green space area in a study in
Dunedin of New Zealand was reported even higher reaching up to around 35 % of the urban
area (Mathieu et al., 2007). All of the above studies, including the current one, showed
a remarkable size of private green spaces covering urban lands. The difference in reported
percentages is understood from the difference in location of the studies (Cameron et al.,
2012).

Comparing the area of the two types of urban green spaces in Kabul city, the results
showed that the area of private green spaces in informal settlements can be several times
more than that of the public green spaces (JICA, 2011; GolRA, 2016). These results show
both similarities and differences to global literature. Aligned current findings, a few studies
in other countries pointed out that private green spaces make up majority of the urban
greenery. Jaganmohan et al. (2012) stated that private green spaces of Missouri, USA,
occupy three times more area than its parks. Similar results were presented by Office for
National Statistics (ONS) about Great Britain. ONS (2018) confirmed the existence of
529,300 hectares of private green spaces. However, the functional public green spaces in
Great Britain that included public parks and even playing grounds covered only 124,800
hectares. On the other hand, there were places where public green spaces made higher
percentage of the urban greenery. An example of such a place could be Paris where public
green spaces represented 63.6 % of the total urban green spaces (Mimet et al., 2019).
Another example was Brisbane city of Australia where its public green space area was
reported higher than that of private green space (Rupprecht & Byrne, 2014).

Informal settlements lack space for the establishment of public green spaces in their area
(Nazire et al., 2016). Thus, their residents are left with only private green space access within
their surroundings, a type of green space that was mapped by the current study. In addition,
women are, more often than not, confined to their households and can only use private green
spaces due to security, social and cultural restrictions (Sahab & Kaneda, 2016). These private
green spaces provide similar benefits to public green spaces such as social cohesion, mental
health and well-being, physical health, maintaining biodiversity, and cooling air (and
improvement of its quality), as well as socioeconomic benefits (Farahani et al., 2018).
Therefore, the findings are considered of great value not only for confirming the potential of

53



Hussainzad E. A.: Mapping Kabul’s private urban green spaces using Geographic Information System-supervised
classification

private green spaces mentioned by previous studies (Gaston et al., 2005; Smith et al., 2005;
Colding et al., 2006; Balooni et al., 2014; Dewaelheyns et al., 2018) but also for keeping the
hope alive for an environmental upgrading intervention in the deprived community of
informal settlements. The private green spaces map generated in this study could be used by
the Kabul Municipality and other relevant national and international departments to
implement a programme to establish and upgrade urban green spaces that would fulfil the
environmental needs of the residents of informal settlements, especially women. More
specifically, the generated map could be utilized to identify settlements with different types
and levels of green space intervention needed. Moreover, the inventory map generated in this
study could be used to monitor the status of private green spaces for better management and
sustainable planning of Kabul city (Darkhani et al., 2019). The results could be used to
conduct further studies on quantity and quality of private green spaces, as well as on
residents’ preferences towards them.

Since there were only two classes in the GIS-supervised classification, the accuracy of the
results was more than satisfactory. By combining and decreasing the number of categories in
the classification process, UA, PA and OA assessment results could be improved (Mathieu
et al., 2007). In the current study, only one error was spotted in each class that decreased the
UA and PA of each class to 98%. Nevertheless, the overall accuracy of 98% showed that the
supervised classification used in this study to map private green spaces was very effective
(Fig. 7). However, it should be noted that the increase in classes for private green spaces in
future studies (trees, shrubs and grass) could decrease the level of accuracy in the matrix
table. Contrary to the currently used pixel based approach, Object based image analysis
(OBIA) approach of image classification was unsuccessful in this study. Using segment
mean shift function algorithm as a first step for the approach (Junainah et al., 2019), different
parameters were tested to carry out image segmentation (Table 4). None of which resulted in
satisfactory segmentation of the imagery and identification of private green spaces (Fig. 8).
Thus, OBIA method failed to move forward in the current study. The reasons for this failure
were mentioned by Natya and Rehna (2016). They pointed out the existence of different
types of classification techniques that could be chosen based on the performance, type of
imagery and application area. Although OBIA failed in satisfactory segmentation of the
available imagery for private green spaces, in future studies, it can be utilized with imageries
of better quality as well as of higher spatial and spectral resolution to improve the
classification process (Natya and Rehna, 2016).
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Fig. 7: Accuracy assessment
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Table 4: Tested parameters for segmentation

Number Spectral detail (Max. | Spatial detail (Max. | Min. segment size in pixels (Max.
of test value 20) value 20) value 20)
1 15 15 20
2 12 16 18
3 16 15 20
4 18 15 20
5 18 15 18
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Fig. 8: Image segmentation with different parameter testing for OBIA (see 1 — 5) and
pixel based approach results. Pixel based approach showed significant and satisfactory
results for the current imagery.
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CONCLUSION

Up to the knowledge of the authors, this was the first time private green spaces were
mapped in informal settlements of Kabul city. Based on the authors’ knowledge, this was
also the first study that mapped private green spaces in an informal context of any city in the
world, specifically the war-torn ones. GIS-supervised classification and its maximum
likelihood approach was preferred to classify the aerial imagery into two classes, ‘Private
green spaces’ and ‘Others’. As long as the private green spaces are concerned, the study
found a significant amount of urban greenery in the deprived community of informal
settlements making more than 10 % of the area. This study also noticed that the increase in
number of informal settlements was accompanied with the increase in the area of private
green spaces. The study was useful to recommend local authorities on application of GIS
technology in mapping the urban greenery specifically in informal settlements. The
generated map made it possible to identify settlements with private green spaces and helped
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the authors to propose a potential private green space upgrading and establishing
intervention. To be mentioned that the proposed environmental interventions using this map
could upgrade the quality and quantity of private greenery in informal settlements. As
a result, the deprived community, specifically women, will have access to at least one type of
urban greenery. The identification of the remarkable part of urban greenery in informal
settlements would also increase the confidence of the residence and help them remove the
disparities existed between formal and informal areas of the city.
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