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Abstract

Rapid, unplanned and uncontrolled urbanization causes disorganized growth. The patterns of ur-
ban development are changing natural landscapes and their dynamics. This has necessitated un-
derstanding of spatial patterns of urbanization and prompted research. Urbanization being a dy-
namic phenomenon has been facing ambiguities regarding methods to study its dynamism. It has
made operational, a wide-variety of spatial metrics methods utilizing multiple dates of remotely
sensed data. The present work carries out the quantitative and qualitative analysis of urban
growth of Srinagar by using Urban Landscape Analysis Tool (ULAT). Urbanized Area (UA), Urban
Footprint (UF) and New Development (ND) maps are generated to quantify the degree of urbani-
zation based on spatial density of built-up area. Comparative analysis of these maps in relation to
the built-up spread pattern indicates that mostly the environs of the Srinagar city which includes
mostly agricultural, vacant and marshy areas prominently in northern, western and southern
areas contribute to the development of the city.
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1. Introduction

Urbanization has become a widespread phenomenon throughout the world [1]. The global urban population has
increased from 13% (220 mi) in the year 1990 to 49% (3.2 bi.) in 2005. Due to continued urbanization and over-
all growth, 2.5 billion people will be added to the urban population by 2050 [2]-[4]. This increase will be con-
centrated in the developing countries. Presently more than half of the world’s population (54%) is living in ur-
ban areas. India, being a developing country had 79 mi people living in the urban areas in the year 1961 which
increased to 377 mi in 2011 [5]. The rapid urbanization in India is because of the development in economy and
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industrialization. This has resulted into the expansion of its urban areas [6]. Over the first half of 20th century,
growth in Indian cities remained largely confined within municipal boundaries. Increasing population growth
and migration to the cities is accommodated by the existing urban areas rather than by expansion of cities into
suburbs and fringe areas [7]. However from the past number of decades, the pattern of growth and absorption of
population has considerably changed [8] and significant growth in urban areas has been witnessed [9]. Such a
real expansion is mostly unplanned, [10] [11] characterized by low density, leap frog, and discontinuous devel-
opment of built-up land use [12] [13]. This situation has led to loss of various land use/cover features e.qg., fertile
agricultural land [14]-[16], and today this becomes a burning issue which needs to be focused.

Therefore, understanding of such urban system and addressing questions regarding changes in spatio-temporal
patterns of urban form are of paramount importance in urban studies [17]. Urban expansion needs to be moni-
tored, quantified and understood for effective urban planning. This is possible by having the information about
the current and historical land use and land cover [18] [19]. From time to time, urban researchers have tried to
evaluate and characterize urban sprawl exclusively based on major socio-economic indicators such as population
growth, commuting costs, employment shifts and number of commercial establishments [20]-[23]. However,
these approaches do not identify and quantify the impacts of urban expansion in a spatial metrics which is of
prime importance for urban studies. The recent availability of temporal remotely sensed data helps in detecting
the urban landscape dynamics in relation to urbanization [24]-[26]. The temporal dynamics information aided
with spatial models provides insights in to the urbanization pattern, assuring sustainable regional development
[15] [27] [28]. Such spatial landscape models aids in assessing the spatial structure and composition of urban
footprints which necessitates mapping and monitoring of urban footprint through quantification of paved surface
(built up, roads, etc.) [29].

2. Study Area

The present study is done for Srinagar city which lies between 33°59'14"N and 34°12'37"N latitude and
74°41'06"E and 74°57'27"E longitude. The city is located on both sides of the River Jhelum, locally called
Vyeth in Kashmir (Figure 1), spreads between the plains of vale of Kashmir. It represents one of the, ecologi-
cally fragile, economically developing, tectonically unstable and densely populated mountain ecosystems on the
planet.

The general relief of the study area is 1580 m above mean sea level. The general terrain is moderate and
represents hill topography. Presently, it is the summer capital of the state of Jammu and Kashmir and has grown
with time and gained primacy in terms of functions associated with politics, administration, commerce, eco-
nomic development and tourism etc. The population of Srinagar city in 1951 was 255,679 which increased up to
952,324 in 2001, recording a growth of +51.06 per cent. As per 2011 census it has the total population of 1.24
million. With the onset of urbanization, the city witnessed economic changes instigating transformations in its
land use pattern.

3. Data Sets and Methodology

The study is mainly based on secondary sources of data; the data used for the preparation of previous date land
use/land cover of the study area is Landsat MSS of 1980 satellite imagery (Table 1, Figure 2). Similarly, the
land use/land cover for the later date was carried out using IRS-1D LISS Il + PAN 2012 merged satellite im-

agery.

3.1. Processing of Raster Data

Remotely sensed data was geo-referenced, geo-corrected, rectified and cropped pertaining to the study area
(Municipal limits of Srinagar city) in Earth Resource Data Analysis System (ERDAS) Imagine 2014 software.
Geo-registration of remote sensing data (LANDSAT MSS of 1980 and IRS-1D LISS Ill + PAN 2012) was done
using ground control points collected from the field with the help of pre calibrated GPS (Global Positioning
System) and known points from geo-referenced topographic maps published by the Survey of India. Image-to-
image registration has been performed to bring the entire image in the same geometry using Universal Trans-
verse Mercator (UTM) as its projection and WGS 84 as its datum with sub-pixel accuracy. Satellite imagery was
stacked into different bands to produce a false color composite. The data pertained to the month of October
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STUDY AREA

' SRINAGAR CITY

Figure 1. Location map of study area.

Table 1. Details of satellite data used in the study.

Wave length Spatial resolution

S. No. Data used Path/row  Date of pass width in um/band (meters) Swath (km) Purpose
05-0.6
LANDSAT MSS 06-0.7 Land use and land
1 92/46 02-10-1980 0.7-0.8 57.5 185 .
of 1980 08-11 cover mapping
10.41-12.6
0.52-0.59
IRS-1D 0.62 - 0.68 Land use and land
2 LISS-III 92/46  10-10-2012 0.77-0.86 235 142 cover mapping
155-1.70
3 IRS-1D 92/46  10-10-2012 05-0.75 58 70 Land use and land
PAN cover mapping
Survey of India (SOI)
4 toposheets of 1:50,000 -- -- -- -- -- 2?13?;;:?3 b;urrTl]c;arsy
and 1:250,000 scales 4 P
. - ) For geo-correcting and
5 Field visit data - - - - - generating validation

captured using GPS

dataset
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Figure 2. Methodology for evaluating urban landscape.
which corresponds to Kharif season.

3.2. Processing of Vector Data

These images were digitized in GIS environment using ArcGIS 10 software in the form of polygons represent-
ing different land use land cover categories. Reference to legacy data and other ancillary information has been
used for precise interpretation of land use classes and delineation of the same. Land use/cover classification was
based on National Remote Sensing Center (NRSC) classification (Level 1). The maps were put to further process-
ing like area estimation, map composition and output generation. The data was classified into 9 land use/land
cover classes spread over a total area of 23,446 hectares of the Srinagar city (which incidentally is also the Mu-
nicipal limit). Further the land transformation analysis was carried out by superimposing of two time period land
use/cover maps.

3.3. Thematic Accuracy

Accuracy assessment was done for the study area. All the Land Use Land Cover categories were numbered
map-wise and sample chosen for field verification using the followingEquation (Jensen 1986):
Sample Size

N =4 pq’/E2

where p is the expected percent accuracy (90%), g’ = difference between 100 and p. E is the allowable error, and

N the number of points to be sampled.
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3.4. Urban Growth Analysis

The study also analyzed urban growth using urban growth model developed by Center for Land use Education
and Research (CLEAR) and the University of Connecticut Department of Natural Resources and the Environ-
ment USA.

4. Results and Discussions

4.1. Land Use/Cover of Srinagar City

To understand the magnitude of sprawl, land use/cover patterns of 1980 and 2012 were studied. Total number of
nine land use/land cover classes was mapped, spread over 23,446 hectares of study area (which is the municipal
limit). These classes include, built-up, Parks/gardens & playgrounds, vacant, agriculture, plantation/orchards,
forest, barren, marshy and water body (Figure 3 and Figure 4). The statistics derived out of different land use/

LAND USE/LAND COVER OF SRINAGAR CITY
1980

ROAD TO GANDERBAL

BYPASS ROAD

, ROAD TO PULWAMA ROAD TQ PAMPORE
N
/\/ MAIN ROADS [ PLANTATION/ORCHARDS
B suLtur I Forest Wy
PARKS/GARDENS & P.G. MARSHY
:
VACANT LAND
[ I serren 25 125 0 2.5 Kilometers
AGRICULTURE I wAter BODY =

Figure 3. Land use/cover of Srinagar city 1980.
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LAND USE/LAND COVER OF SRINAGAR CITY
2012
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Figure 4. Land use/cover of Srinagar city 2012.

cover classes is given in Table 2 and their detailed explanation is as follows:

Built-up area has increased from 2416 hectares (10.30% of the total area) in 1980 to 6251 hectares (26.66% of
the total study area) in 2012 (increase of 158 percent). The general trend of built-up expansion was observed in
north, south and west directions only because the area lying in the east is occupied by water body. The increase
is attributed to the increasing population due to natural increase and in-migration from the adjoining districts to
the city, mostly from north and south. Also the development made in secondary and tertiary sectors resulted into
residential, commercial and industrial development in the city. Similarly, the area under parks/gardens and play-
grounds increased from 1.40 hectares (0.59% of the total study area) in the year 1980 to 3.72 hectares (1.59% of
the total study area) in 2012. Despite decrease in non-built-up area the total area under parks/gardens has in-
creased by 232 hectares. This is mainly due to Srinagar city being a tourist spot and hence form an important

part of the city’s tourism.

Apart from increases, decrease was recorded in vacant land. It decreased from 517 hectares (2.2% of the total
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Table 2. Srinagar city: land use/land cover (1980 & 2012).

LTTe] UE2 ETTe] GoTED (Area ilngﬁgctares) (Area iznorllgctares) )(Airzeﬁei?:gegsi Age g/ﬁange
Built-up area (1204306/0 ) (22265610 %) 3835 158
Parks/gardens & playground (0.15‘;%@ (1%792%) 232 165.7
Vacant (25;;) ) a 20585‘; %) —262 —50.6
Agriculture (611%2230 ) (12%2) 3459 oy
Plantation/orchard (5128& ) (1561%20 %) 1355 107
Forest (1‘3:1'7% %) (0.1655% %) —-193 —55
Barren (ngg;) ) (2.%%% %) —059 -11
Marshy (%61?,/70) ég/f) 1199
Water body (gzjg;) ) (8133;) ) 250 116
Total 23,446 23,446

study area) in 1980 to 255 hectares (1.08% of the total study area) in 2012. This class includes the land belong-
ing mostly to locals who have left crop cultivation and most of which is speculative land holding. The aban-
doned government land is also included in this category. The decrease is because of increasing population pres-
sure in the core area compelling rich people to move to these vacant lands. This has resulted into the emergence
of residential colonies in the outskirts of the city. Another important land use/cover category is agricultural land.
The area under this class has also decreased from 14,408 hectares (61.45% of the total study area) to 10,949
hectares (46.7% of the total study area) in 2012. It includes mostly paddy land, floating/vegetable gardens (Radh)
and saffron karewa fields spread all over the study area except the core part of the city. This class has witnessed
significant changes during the study period of 32 years by losing 3459 hectares. This decrease is attributed to the
occupational shift of farmers from primary to secondary and tertiary activities. The shift from crop cultivation to
horticulture activities have also contributed to the decrease of total land area under agriculture. Although agri-
culture is an important component of the region’s economy therefore this class still covers large share of the to-
tal land use of the study area.

Despite decrease in the area under non-built-up land use/cover the total area under plantation/orchard class
increased from 1266 hectares to 26.22 hectares (increased by 1355 hectares) from 1980 to 2012. This class in-
cludes willow plantation, apple, cherry, almond, walnut orchards, which are spread all over the study area in
scattered patches except the core area. The increase is because of two reasons; firstly, farmers shifted from the
traditional crop cultivation to the horticulture activities i.e., production of timber and various fruits like Apple,
Cherry, Almonds, Apricot, Walnut etc., which is remunerative than the traditional food crop cultivation. Se-
condly, the annual threat of floods in the low lying area prominently in the west and south forced the farmers to
opt for horticulture activities. Forest class decreased from 346 hectares (1.47% of the total study area) to 153
hectares (0.65% of the total study area). It includes the vegetation cover in the hilly areas of the city. Similarly,
barren class which includes the bare exposed rocks, along with some quarrying sites has decreased from 539
hectares to 480 hectares, losing 59 hectares during the study period.

Significant changes have been observed in Marshy land use and water bodies which are ecologically impor-
tant land use/cover features. The area under these categories was reduced by 1198 hectares and 250 hectares re-
spectively. The prominent water bodies of the study area are Dal lake, BrariNambal, Nigeenlake, Khushalsar
and Aanchar lake. The major reason for this is encroachment in these areas due to increasing demand from the
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growing population. Most of the encroachments in the Marshy areas and water bodies are un-authorized devel-
opments with the low standard of living of the people due to low level of income. It is an alarming environmen-
tal issue where government regulations are commonly violated.

4.2. Land Transformations in Srinagar City

Land Transformation is the process where changes in land use/cover are observed at different time periods. This
process is one of the important fields of human induced environmental transformation. Land is in a continuous
state of transformation as a result of various natural and man-made processes. Apart from land use/cover change,
Srinagar city experienced significant interchange of land between different classes during the study period which is
because of economic and social transformations. Table 3 and Figure 5 shows the interchange of various land
use classes of the city. The development and expansion of the city has led to increase in demand for various built
up land e.g., residential, commercial, industrial purposes etc.

LAND TRANSFORMATION IN SRINAGAR CITY
1980-2012

ROAD TO GANL

ROAD TO BARAMULLA

i ROAD TO PULWAMA ROAD TO\PAMPORE

N MAIN ROADS
- VAC TO BUP - MAR TO PLANT/ORCH Y

AGRI TO BUP - WAT TO AGRI Wy E

MAR TO BUP - WAT TO MAR !

AGRI TO PL/ORC OTHER CHANGES

25 125 0 2.5 Kilometers

- MAR TO AGRI - NO CHANGE =i

Figure 5. Land transformations in Srinagar city 1980-2012.
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Table 3. Land transformation in Srinagar city (1980-2012).

Lalil Btp P%k V3ac A‘::]r PI/EE)rc F?)r BZ\r N?ar V\?at 1;:;2'
(2012)
1) Built-up 2416 385 2932 258 71 59 126 03 6251
2) Parks & gardens 140 149 83 372
3) Vacant 517 185 685 255
4) Agriculture 109 14,408 214 10,415 148 10,949
5) Plantation/orchards 215 1854 1266 39 88 42 2622
6) Forest 346 153
7) Barren 539 480
8) Marshy 1667 92 468
9) Water body 35 2145 1895

Note: Area in hectares. Figures in bold (diagonally) are area under that particular land use in 1980, while the figures in the same column represent the
conversion in area to other land uses. Similarly, figures in the same row are increases in area, captured from other land uses; Source: Based on IRS-
1D LISS + PAN Satellite imagery (2012) and LANDSAT MSS of 1980 of Srinagar city.

Significant land transformations were witnessed among built-up area, vacant, plantation/orchards, agriculture,
water bodies and marshy lands. Built-up area increased by 3835 hectares, capturing land mainly from agriculture
(2932 hectares), vacant (385 hectares), plantation/orchards (258 hectares) and marshy area (126 hectares). Pro-
minently residential class grabbed area mostly from agriculture because of growing demand from the increasing
population. Parks/gardens and play grounds increased by 232 hectares, gaining area from plantation (149 hec-
tares) and forest area (83 hectares). Apart from increase in the area under plantation/orchards there was loss of
689 hectares and this loss was gain for built-up, parks and gardens, and vacant area. Similarly, vacant land also
lost its 262 hectares to built-up area for residential and commercial development and also for agriculture and
horticulture development. Agriculture lost 3469 hectares of land for infrastructure development of the city in
terms of residential, commercial, industrial, recreational and horticulture developments. Besides it, farmer gave
up agricultural practice and sold their valuable land only for getting instant money. Also, in order to lift their so-
cial status they opt for non-farm activities. There are examples from the city where farmers have given up the
traditional farming practices and shifted towards the plantation and orchard practices because farmers do not
have knowledge regarding the modern agricultural inputs which has resulted into low agricultural efficiency.
Therefore horticulture activities are the only option left with the farmers. The transformation process has not
even spared the ecologically important land use/cover features i.e., water bodies and marshy areas which lost
1449 hectares mainly for agricultural, horticulture and infrastructure development of the city.

4.3. Evaluation of Urban Footprint in Srinagar City

Urban Footprint represents the evaluation for impact of development on open land around the city. This map con-
sists of seven categories in the study area based on urbanness values (Table 4) and their land cover attributes. These
categories are 1) Urban built-up (5357.23 ha), 2) Suburban built-up (1811.22 ha), 3) Rural built-up (167.60 ha),
4) Fringe open land (2363.02 ha), 5) Captured open land (249.93 ha), 6) Rural open land (11342.70 ha) and 7)
water classes (2145 ha). The important category identified by footprint mapping is fringe open land, which acts
as edge-disturbance zone. These are the regions at edge that are prone to degradation by adjacent land use.
Urban and suburban built-up land increased by 1996 and 618 hectares during 1980-2012 time span with re-
sulting decrease of 2752 ha in rural open land. Urbanization of rural settlements has resulted in to decrease of
249 ha. This decrease is due to transformation of rural built-up to suburban and urban built-ups because of ex-
tension of urban services towards the city peripheral areas. Further, due to expansion and development during
the study period an increase of 2363 and 249 ha was noticed for fringe and captured open lands (Figure 6 and

Table 5).
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URBAN FOOTPRINT OF SRINAGAR CITY
2012
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Figure 6. Urban footprint of Srinagar city 1980-2012.

Table 4. Urbanized area and urban footprint classes and criteria for their categorization.

S. No. Class Criteria
1 Urban footprint
2 Urban built-up Built-up, >50% urbanness
3 Suburban built-up Built-up, 10% - 50% urbanness
4 Rural built-up Built-up, <50% urbanness
5 Fringe open land Undeveloped, in 100 m of developed area
6 Captured open land Undeveloped patches (<200 ha), completely surrounded by urban built-up and fringe open land
7 Rural open land Undeveloped, neither fringe nor captured open land
8 Water Water in land cover classification
9 Urbanized area Urban built-up, suburban built-up, rural built-up, captured open land, rural open land
10 Urbanized open land Undeveloped urbanness 50%
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Table 5. Urban footprint of Srinagar city.

Land use Area in hectares
Captured open land 249.93
Fringe open land 2363.02
Rural built-up 167.60
Rural open land 11342.70
Suburban built-up 1811.22
Urban built-up 5357.23
Water 2145

4.4. Evaluation of Urbanized Area of Srinagar City

The study further analyzed the urbanized area classes to assess the impact of different levels of urbanization.
Total number of seven classes were mapped for urbanized area; urban built-up (5357.23 ha), suburban built-up
(1811.82 ha), rural built-up (167.70 ha), urbanized open land (840.93 ha), water (2145 ha), captured open land
(840.93 ha), rural open land (13058.85 ha) (Figure 7 and Table 6). Urbanized open land is a class that is having
maximum probability of high degradation of undeveloped land patches, present in between developed lands.
New developments, converted large chunks of other classes such as rural open land to urbanized open lands.
This resulted in increase of urbanized open lands from 1990 to 2012 by 396 ha during the study period of 32
years.

4.5. New Development of Srinagar City

The new development (ND) of Srinagar city represents the newly developed area during the study period. The
analysis of New Development statistics revealed the pattern and type of urban growth that has taken place in the
city. Greater part of new development is attributed to extension which accounts for more than 80% of develop-
ments. Leapfrog contributed 9.26% to new development area and the rest 7.2% developed through infill (Figure
8 and Table 7).

Qualitative analysis of new development maps indicates that, the development in northern and western parts
of the city has been dominated by extension process which could be attributed to coming up of new establish-
ment of city outer core areas; Zoonimar, Maideen Sahib, Soura, Buchpora, Lal Bazar, Nowshera and Hazratbal
in the north; Safakadal, Eidgah, Parimpora, Bemina, Qamarwari in the west; Baghat Barzulla, Rawalpora,
Chanpora and Natipora in the south and Nishat, Khrew and Khonmoh area in the east and south east of the city
respectively. However this process is more scattered over south, south eastern and eastern parts mainly because
of the existing hill topography. Infill was found mainly in the city core area i.e., Kawdara, Hassnabad, Tarabal,
Aalikadal, Nawab Bazar, Chattabal, JogiLankar, Khanyar and Rajbaghand few areas in south eastern parts of
Srinagar city. Leapfrog development is prominent in the suburban Srinagar city. These are the scattered loca-
tions mainly in Malura, Lawaypora in the west and Humhama in the south.

5. Conclusions

The present work suggests that the urbanization process has significantly modified the land use of Srinagar city
and its surrounding areas during the study period of 32 years. Built-up area has significantly increased by 158%
swallowing the fertile agricultural land (3459 hectares) in the fringe area, where industrial and residential ex-
pansion is taking place. Similarly for the horticulture development 12.86% of fertile agricultural land is used.
The city has expanded prominently toward northern, western and southern parts mainly due to the availability of
land in these areas and the area lying in the east is occupied by water body and mountains. The study further
demonstrates that the ecologically fragile land use/cover features i.e., marshy, forest area and water bodies have
also decreased in their total area by —71.8%, —55% and —11.6% respectively for agricultural, residential and in-
dustrial development of the city. The increasing population leads to the decrease in per capita land availability
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URBAN AREA OF SRINAGAR CITY
2012
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Figure 7. Urbanized area of Srinagar city 1980-2012.
Table 6. Urbanized area of Srinagar city.
Land use Area in hectares
Captured open land 55.87
Rural built-up 167.60
Rural open land 13058.85
Suburban built-up 1811.22
Urban built-up 5357.23
Urbanized open land 840.93
Water 2145
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NEW DEVELOPMENT OF SRINAGAR CITY
2012
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Figure 8. New development of Srinagar city.

Table 7. Srinagar city: new development-2012.

Classes % Development
Infill 295.01 7.29
Extension 3381.35 83.45
Leapfrog 375.38 9.26

resulting into shortage of land and increase in rate of land transformation process.

The urban landscape analysis demonstrates that the expansion of built-up in the city has been mainly due to
extension development accounting for 83.45% of total development. The urbanized area and urban footprint
map statistics reveal that urban and suburban built-up increases by 1996 and 618 hectares during 1980-2012
time period with concurrent decrease of 2752 hectares in rural open land. The northern, western and the southern
parts of the city develop mainly due to extension development. Infill and leapfrog development dominate in the
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core area and suburbs of the city respectively. The study clearly shows the trend and pattern of urban expansion
in Srinagar city on rural open lands. Therefore, there is a need to identify, quantify and monitor the process of
urbanization which can ensure the effective and sustainable urban planning by the authorities.
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