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Abstract

Change analysis acquires effective information in the form of maps and sta-
tistical data which becomes the central component in spatial planning, moni-
toring environmental changes, management and utilization of land. The
present study makes an attempt to assess the changes in land use land cover
using multi-temporal satellite data in south-east Rajasthan. These maps were
derived from geocoded dia-positive False Color Composites (FCC’s) of IRS
1991, 2001, 2010 & 2018 using Arc GIS platform. The present study demon-
strates the extension, approach and result of change analysis which might be
helpful for decision making and sustainable growth. The landscape has been
divided into 12 categories. Mining and its associated features were increased
whereas forest and open scrub cover shows decreasing trend during the study
period. The former increased by 23.82 km* while the later shrunk by 26.08
km®. Most significant changes are also witnessed in settlement and industrial
areas which shows increment by 8.8 km® and 1.33 km®. Stone quarrying has de-
stroyed arable land, natural vegetation cover, topsoil, subsoil and consequently
the soil profile of the area. On the other hand cultivated land is increasing due
to the conversion of uncultivated land and scrub cover with facilitation of irri-
gation and modern agricultural activities under different government schemes.
The study shows that the area of 184.88 km* has undergone significant spatial
and temporal changes during the study period.
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1. Introduction

Land use/land cover (LU/LC) is one of the most important aspects in managing
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the earth’s resources and hence acquired much attention from the planners and
decision makers. Utilization of land capital by humans according to their pur-
poses give rise to “land use” which is influenced by human requirement, envi-
ronmental processes and features. Land cover refers to the physical and biologi-
cal cover over the surface of land, including water, vegetation, bare soil and/or
artificial structures (Ellis, 2007). Land use is the intended employment of land
management strategy placed on the land cover by human agents or land manag-
ers to exploit the land cover and reflects human activities such as industrial
zones, residential zones, agricultural fields, grazing, logging and mining among
others (Zubair, 2006). Since the 1970s, satellite remote sensing data has been
used periodically for dynamic monitoring and quantitative analysis of spatial
distribution, aerial extent, location, rate and pattern. India being a developing
country has undergone a radical change in LU/LC since the onset of economic
revolution in the early 1990s leading to urbanization, industrialization and other
human activities at a rapid rate. Recently, issues related to LU/LC change has
gained interest among a wide variety of researchers, ranging from those who fa-
vor modeling spatio-temporal patterns of land conversion to those who try to
understand the causes, impacts and consequences (Verburg et al., 1999; Brown
et al., 2000; Theobald, 2001). With the increase in sensor capability in terms of
spatial resolution, spectral variability and temporal frequency, even minute
changes on the earth’s surface can be observed and mapped fairly accurately.
Analysis of LU/LC changes is perhaps the most prominent form of global envi-
ronmental and ecosystem change since they occur at spatial and temporal scales
immediately relevant to our daily existence (Lambin, 1997). These transforma-
tions have a potential effect on environmental conditions as climate change, loss
of biodiversity and atmospheric pollution at all scales (Nagendra et al., 2004; Uy
& Nakagoshi, 2007; Sun et al., 2016).

The present study makes an attempt to utilize multi-temporal IRS data using
Visual interpretation method to monitor and assess LU/LC changes in parts of
Jhalawar and Kota districts of South Eastern Rajasthan. The study area is known
for large-scale quarrying for building stone popularly known as Kota stone. This
industry has provided employment to thousands of skilled and unskilled work-
ers of the region and also contributed significantly to the economy of the two
districts. Mining and quarrying at a large scale significantly impact land, water
and atmosphere that cause land degradation and landscape change (Mondal et
al., 2014).

In recent years the stone quarrying and environmental protection conflict
have been increased which requires temporal information of local and regional
scale (Latifovica, 2005). Surface mining has an adverse effect on flora, fauna and
LU/LC practices which are existed in an operational area (Vorovencii, 2011; Su-
raj, 2014). Various researchers have suggested that the waste produced from dif-
ferent industries like limestone waste, dust and waste slurry produced from po-

lishing and cutting industries should be replaced by cement and concrete indus-
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try to minimize the environmental and ecological issues (Rana et al., 2016; He-
malatha & Ramaswamy, 2017). The potential use of these industrial wastes con-
serves the natural resources, reduces the amount of CO? emission, solves man-
agement waste from limestone aggregates, fine dust from crushing and washing
processes. Dust emission from limestone extraction is the major practice in the
atmosphere (Nartey et al., 2012). The mining operations are especially concen-
trated on a vegetative cover like agriculture, open scrub areas which excavate the
removal of natural vegetation, top-soil, sub-soil in order to reach the aggregate
underneath. This alters the physico-chemical properties of the soil and disturbs
the landscape features (Al-Joulani, 2008; Shrestha & Lal, 2011; Chenot et al,,
2018). Several studies have been conducted on environmental impacts and
processing on limestone, sandstone, marble and granite quarrying (Yavuz Celik
& Sabah, 2008; Souza et al., 2010; Khyaliya et al., 2017; Li et al., 2019). Also, qua-
rrying causes various health issues like silicosis, tuberculosis, asthma and chest
pain due to long term exposure to stone dust (Al-Joulani, 2008; Ahmad, 2014;
Agwa-Ejon & Pradhan, 2018; Singhal & Goel, 2020). The continuous quarrying
had negative results on vegetation and arable land and is prominent that the
mining operations fall within the agriculture land. Some authors working on
quarrying activities confirmed that stone quarrying has a destructive effect on
environment and vegetation (Knowles & Wareings, 1999; Singh et al., 2000;
Darwish et al., 2011; Oke & Ibansesbhur, 2010). Remote sensing and GIS tech-
niques offer an excellent method for decision makers as an informative and vis-
ual analytical tool to monitor the surface mining activities and their impacts on
LU/LC. Hence mining areas are detected with the help of visualization of remote
sensed data and its procession into thematic maps for monitoring purposes
(Schmidt & Glaesser, 1998; Wright & Stow, 1999; Akanwa, 2016). Aerial photo-
graphs and multispectral satellite data have been used for monitoring LU/LC
changes over mining areas with time (Jhanwar, 1996). The study utilizes satellite
data pertaining to 1991, 2001, 2010 and 2018 to accesse the LU/LC changes due

to quarrying and other activities.

2. Study Area

The study area lies in parts of Jhalawar and Kota districts of SE Rajasthan ex-
tends between latitudes 24°30'N to 24°43'30"N and longitudes 75°57'30"E to
76°4'30"E at the edge of Malwa plateau covering a geographical area of about
288.2 km’. Administratively Jhalawar district is a part of Kota division, adjoining
the neighboring state of Madhya Pradesh. It falls in agro-climatic zone-V, hot
and humid climate with an average annual rainfall of 900 - 1000 mm. with
maximum and minimum temperatures recorded 47°C and 10°C, respectively.
Elevation ranges from 223 m to 455 m above msl in which North and North
Eastern parts show higher elevation and south and south eastern parts show
lower elevation. The location map of the study area is shown in Figure 1.

Geomorphologicaly the area represents different land forms such as valley fill,
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Figure 1. Location map of study area.
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ravines, pediment, buried pediment, structural hill and dissected plateau covered
by different LU/LC categories. Kalisindh and Ahu Nadi are two main rivers in
the study area which traverse through different land scape and variable terrain
providing surface water resources in the region. Fertile plain along with black
cotton soil and significant rainfall help in agricultural activities, which are major
sources of livelihood in the region. Geologically, the study area is covered by
Deccan traps along with rocks of Vindhyan supergroup. The pretrappean rock
formations comprise Lower and Upper Vindhyans represented by Jhalarapatan
sandstone, Suket shale and limestone, Kaimur sandstone, Rewa shale, sandstone
and conglomerates, Ganurgarh shale, Lower Bhander sandstone and limestone,
Sirbu shale and limestone. The Vindhyan sandstone and shale are exposed and
form linear hills which are stretched northwest to southeast. The major litholog-
ical units in the Jhalarapatan and Kota are famous and important sources for
stone quarrying and related industrial activity. Large deposits of dimensional li-
mestone in Ramganj Mandi, Cheechat and surrounding area are popularly
known as “Kota Stone”. Kota stone deposits are geologically part of lower Vind-
hyan group consisting of Suket shale, Nimbahera limestone and Jhalarapatan
sandstone. About 90% country’s production of sandstone, Kota stone and mar-
ble has been produced from Rajasthan.

In the past, climate change was largely affected due to natural causes such as
volcanic erruptions, Earth’s orbit and Ocean currents but today anthropogenic
activities accelerate it (Fookes & Lee, 2007). Anthropogenic activities like pop-
ulation distribution & industrial growth, mining and other related activities
along with evapotranspiration, heat absorption and retention and radiation
reflection properties significantly affect not only temperature but precipitation
along with total emission of air pollution (Hunt et al., 2017; Aram et al., 2019).
The deterioration of stone quarrying due to dust emission changes the con-
centration of air pollutants over time. As the anthropogenic activities are grow-
ing the temperature becomes particularly high through increased concentration

of pollutants.

3. Data Used and Methodology

Survey of India (SOI) topographical maps No. 45 D/2 and 54 P/14 on 1:50,000
scale were initially used for extracting base line data. Toposheets were mosaicked
and area of interest was demarcated to prepare the base map. IRS LISS-III Data
(Path-Row: 96-54) of 1991, 2001, 2010 and 2018 were procured from NRSC,
Hyderabad, and were subsequently used for LU/LC mapping. Data from same
month/season were used in order to minimize the seasonal variations which also
exhibit uniform spectral and radiometric attributes or aspects. Multiyear and
same season data gives worthwhile information about quantity of conversions
from one particular class of LU/LC to another class, their corresponding area,
change rate and percentage. Satellite images were georeferenced with respect to

coordinate system of toposheets by using map to image transformation. LU/LC
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maps were generated by onscreen digitization in Arc GIS 10.5 which include di-
gitization, creation of polygon topology, assigning of unique id for each polygon
and editing. Various LU/LC were identified and delineated on the basis of rec-
ognition elements i.e. tone, texture, size, shape, pattern, association and field
knowledge. Field verification along with Global Positioning System (GPS) was
carried out to verify the spectral signatures and to rectify doubtful areas/features.
Pre-field interpretation was finalized after the field inputs and LU/LC maps were
then rectified. The change of magnitude and actual location of LU/LC categories
were equated by overlay capability of Arc GIS. Change analysis can be done by
‘image differencing’ which involves subtracting of one data from that of another
which results the transitions that have taken place over the temporal period.
Area statistics of different categories have been calculated in square kilometers
and percentage change so as to quantify the changes in LU/LC over a decade
(Table 1). To innumerate the trend of LU/LC change, percentage (%) change
can be computed by dividing observed change by sum of changes multiplied by
100.

Percentage change = Observed change/sum of change x 100.

4. Result and Discussion
4.1. Spectral Signatures of LULC Classes

Interpretation of IRS data led to the identification and delineation of twelve (12)

LU/LC classes namely cultivated land, uncultivated land, forest, plantation, open

Table 1. Land use land cover statistics of the study area (1991-2018).

Land Use/Land cover

LULC (1991)

LULC (2001)

LULC (2010)

LULC (2018)

categories Area Area Area Area Area Area Area Area
(km? (%) (km?) (%) (km}) (%) (km®) (%)
Cultivated Land 69.5 24.15 78.1 27.1 86.8 30.1 118.45 41.9
Uncultivated Land 120.4 41.8 108.8 37.7 113.4 394 79.34 27.5
Forest 7.9 2.75 7.2 2.5 6.5 2.3 5.8 2.01
Plantation 1.7 0.58 5.5 1.9 5.8 2 8.54 2.96
Open Scrub 33.8 11.7 26.4 9.2 19.9 6.9 9.82 34
Ravines with scrub 30 10.4 24.8 8.6 7.3 2.5 4.7 1.6
Stone quarry 9.9 34 13.7 4.8 20 6.9 28.22 9.79
Over burden dump 7 2.4 10.2 3.5 11.6 4 12.5 4.33
Exposed rock/waste land 3.3 1.14 6.3 2.2 6 2 3.8 1.3
Industrial land 0.3 0.1 0.4 0.1 0.5 0.2 1.63 0.56
Settlement/built up 3.3 1.2 4.2 1.5 7.8 2.7 12.1 4.2
Water body/river 1.1 0.38 2.6 0.9 2.6 0.9 3.3 1.1
Total 288.2 100 288.2 100 288.2 100 288.2 100
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scrub, ravines with scrub, stone quarry, overburden dumps, exposed rock/waste
land, industrial land, settlement/built up, water body/river. Interpretation of
LU/LC categories is based on standard photo recognition elements showing dif-
ferent tones, textures, sizes, patterns, shapes, associations, etc. besides field
knowledge. Cultivated land is recognized by bright red tone, smooth texture,
contiguous pattern whereas uncultivated land shows grey to dark green tone,
coarse texture, regular to irregular pattern often in proximity to cultivated land.
They are mainly associated with low lying and plain areas with gentle slope (0° -
11°). Elevation ranging low to medium relief zones from 297 - 334 m. Forest
shows dark red tone, coarse texture, contiguous to non-contiguous pattern and
is associated with moderate to high relief zones (354 - 455 m). Plantation exhi-
bits dark red tone, smooth texture, regular and well defined boundary, mainly
intermixed with cultivated and uncultivated land but at places on over burden
dumps as well. Open scrub is identified by light pinkish to light green tone, ir-
regular shape and rough texture whereas ravenous land with scrub shows red-
dish brown tone, coarse texture and its association with adulatory terrain with
relatively low (297 - 334 m) to moderate (334 - 354 m) relief zones. Stone quarry
displays whitish cyan tone, rough texture, scattered pattern, depressed topogra-
phy and signs of human activity. Waste land is identified by its bright tone,
smooth texture, scattered pattern and irregular outline. Settlement is recognized
by cyan tone, coarse texture, semi-circular pattern and association with roads/
railway lines. Water body appears blue in colour, smooth texture and shows ir-
regular but well defined boundary outline. Land cover dynamics are often con-
nected with land use type of that particular area is generally analogous with ve-
getation cover and vegetation itself is linked with response of temperature and
precipitation. It was found that higher topographical areas are generally asso-
ciated with forest cover and scrub land, whereas due to human intervention like
stone quarrying, fire wood, fodder, etc. other categories have shifted towards

these areas like Settlement, Cultivated and Uncultivated land, etc.

4.2. Change Detection of LULC (1991-2018)

Thematic maps of year 1991, 2001, 2010 and 2018 were generated as shown in
Figures 2 (a)-(d). Comparative analysis of 1991 and 2018 IRS data reveals some
substantial changes under different categories in LU/LC due to various natural
and anthropogenic activities is shown in Figure 3. It is apparent from statistical
data of LU/LC that the dominant categories are cultivated land and uncultivated
land which shows that the area is highly under the occupation of agriculture,
highly scattered and well distributed throughout the study area. The following
LU/LC categories show increases in their geographical area are as follows:

1) Cultivated land has registered growth of 48.95 km”. The cultivated land has
expanded from 69.5 km® in 1991 to 118.45 km® in 2018 which suggests that, de-
spite the economic growth, many people are still dependent on the traditional

agricultural practices. The increase in area may be attributed to conversion of
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Figure 2. (a) 1991 LULC map of study area; (b) 2001 LULC map of study area; (c) 2010
LULC map of study area; (d) 2018 LULC map of study area.
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Figure 3. Change in Land use land cover categories during (1991-2018).

uncultivated land, open scrub, ravines with scrub and forest land. With the help of
advanced technology, irrigation system and land improved programs, the study
area has achieved better productivity in agriculture and horticulture production.

2) Uncultivated area shows decreasing trend from 120.4 km® in 1991 and
79.34 km”® in 2018 with total decrease of 41.06 km”.

3) It has been clear from LU/LC statistics that the land under plantation shows
extension by 6.84 km’ area.

4) Stone quarries, surface rocks and their associated features like overburden
dumps have increased by 18.32 km® (Figure 4(a)). Besides mining, over burden
dumps (Figure 4(c)), stone waste (Figure 4(d)), and stone dust generated from
polishing and cutting industries (Figure 4(e) & Figure 4(f))becomes thoughtful
issue to decipher how this material should take in use. Overburden dumps have
increased 5.5 km” area. Also the dumping sites for workable limestone are reserved
on agricultural arable land (Figure 4(b)). The abandoned mines (Figure 4(g) &
Figure 4(h)) needs land reclamation to resolve the environmental liabilities.

5) The study reveals that there is remarkable population growth because of
mining activities and increment of large and small estate industrial growth which
has been increased by 8.8 km” area whereas industrial land has grown by 1.33 km”.

6) Water bodies also increased by 2.2 km”.

On the other hand, categories which show areal reduction in LU/LC from
1991 to 2018 are as follows:

1) Forest cover is decreased by 2.1 km® by area. Forest were mainly used for
fuel wood, grazing, timber, fodder, fruit and tendu.

2) The area is subjected to aridity having sparse vegetation which is responsi-
ble to create scrub land. Scrub land is generally prone to deterioration and shows
positive effect, reduced by 23.98 km® whereas ravines with scrub are shrunken by
25.3 km” area.
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Figure 4. (a) Field photographs of lime stone quarry in progress; (b) Dumping site of workable limestone; (c) Overburden dump;

(d) Stone waste; (e) & (f) Stone dust produced from industries on agricultural land; (g) & (h) Abandoned mining sites.

3) Rock exposures and waste land has been decreased by 0.5 km”.
The retreating of areas covered with open scrub, ravines with scrub, forest and

expanding of cultivated land, plantation, stone quarry, overburden dumps, set-
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tlement/built-up and industrial land in the region was established by the field
investigation. The study shows that the area has undergone significant spatial
and temporal changes in LU/LC during 1991-2018 as shown in Table 2. The
positive changes were observed in cultivated land, plantation, open scrub, ra-
vines with scrub and exposed rock/stone waste. LU/LC analysis shows increase
or decrease of area from 1991 to 2018 under different categories as shown in

Figure 5. In Jhalawar 5% and Kota 8% there is an increase of cultivated land due

Table 2. Land use land cover change statistics of the study area.

Net change  Net change Net change Net change

Land Use/Land cover (km?) (km?) (km?) (km?)

categories (1991-2001)  (2001-2010) (2010-2018) (1991-2018)
Cultivated Land 8.6 8.7 31.65 48.95
Uncultivated Land 11.6 4.6 34.06 41.06
Forest 0.7 0.7 0.7 2.1
Plantation 3.8 0.3 2.74 6.84
Open Scrub 7.4 6.5 10.08 23.98
Ravines with scrub 5.2 17.5 2.6 25.3
Stone quarry 3.8 6.3 8.22 18.32
Over burden dump 3.2 1.4 0.9 5.5
Exposed rock/waste land 3 0.3 2.2 0.5
Industrial land 0.1 0.1 1.18 1.33
Settlement/built up 0.9 3.6 4.43 8.8
Water body/river 1.5 0 0.7 2.2
Total Change 49.8 50 99.46 184.88
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Figure 5. Increase and decrease of Land use land cover categories during (1991-2018).

DOI: 10.4236/gep.2021.912018

312 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.912018

N. Fatima, A. Javed

to irrigation and reclamation of rocky and ravenous areas (Sen & Gupta, 1978).
Agriculture expansion, infrastructure expansion and wood extraction are the
major causes of LU/LC changes (Geist & Lambin, 2002; De Sherbinin, 2002) as
crop lands and pastures are the dominant ecosystem on the Earth (Paul & Lisa,
2011) which are characterized by decline of woodlands, scrub lands, forest and
grass lands in time and space (Eshetu & Hogberg, 2000; Woldeamlak, 2002; Tes-
faye et al., 2011; Kindu et al., 2013; Molla, 2014; Alemu et al., 2015). The density of
cultivated land is moderate, Kota (43.49%), Jhalawar (44.41%) which fall under
sub humid zone due to which it receives high rainfall (Sen, 1972).

Positive changes were also observed in mining or stone quarry and over bur-
den dumps. From Figure 6, it is evident that the limestone production shows
declining trend between 1999-2000, 2004-2005, 2006-2007, 2009-2010 and after
2010 with increase in stone quarrying the production of limestone is increasing
tremendously. The graph shows linear correlation between production and time
which indicates that with time the production of limestone is increasing. With
increasing demand of limestone and other dimensional stone, large amount of
upper part of vegetative cover with soil profile is removed which causes short as
well as long term disturbance on landscape and ecosystem. With the help of re-
mote sensing satellite data analysis, the area of 64% has changed from one
LU/LC category to another. Decrease of vegetation cover and increase of stone
quarrying not only affects the ecology but have an impact on the climatic condi-
tions also.

The minimum and maximum temperatures were divided in winter, summer
and monsoon which significantly increase from 1990 to 2018 (Figure 7(a) & Fig-
ure 7(b)). The maximum temperature record was 39.25°C in 2010 and minimum
temperature was 11.41°C in 1997. The maximum and minimum temperature
trend depends on atmospheric circulation and local physical geography in dif-
ferent ways like topography, land use land cover changes, urbanization, air pol-
lution, etc. (Turkes & Sumer, 2004; Dhorde et al., 2009; Tabari & Talaee, 2011).
The average annual rainfall from 1990 to 2018 is 909.02 mm. It is apparent from

90 -
80 - e Production
70 -
60 -
= y=2.9853x +6.2597
= 50 R2=0.953
g
_‘g 30 -
e 20
[-»
10 -
0 T T T T T T T T T T T T T T T T T T T T T 1
00 O S — A o S VN O - 0 N O —~— AN N T »n O >~ 0
[ e NNe N e I = = e R e i e R R e =l e T e e B B e B e B e B e B
b D~ A0 XD~ AT B O
D DD OO DD = == = = = =
A NN OO OO OO OO OO O oo oo oo
v—*—*—*gNNNNNNNNNNNNNNNNNN
— (Years)
Figure 6. Lime stone production during (1996-2018).
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Figure 7. (a) Minimum temperature; (b) Maximum temperature; (c¢) Annual rainfall
during (1991-2018).

Figure 7(c) that the average annual rainfall shows zig zag pattern with increas-
ing trend. It gradually inclined from 588 mm during 2002 to 1614.5 mm during
2006. There were three drought years namely 1994, 1996 and 1997 which con-
stitute 10.71% of the total observations. In contrast 2006, 2011, 2013, 2014 were
wet years that represent 17.85% of the total observations. The remaining 20 years

receive normal rainfall which represents 71.44% of the total observations during
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the study period. With increasing rainfall the agriculture production exhibits

development and expansion in area.

5. Conclusion

Change detection map of the study area possesses rapid change in LU/LC which
might be supportive to conserve the threatened areas and devised for providing
sustainable development. With the help of multi-temporal satellite data, LU/LC
analysis shows dramatic changes especially in stone quarry, forest cover, culti-
vated land, settlement/built up and industrial area. Updated, accurate informa-
tion and records are necessary for future planning and environmental conse-
quences of changes. In the vicinity of remote sensing and GIS techniques, the
present study demonstrates their applicability to access the changes in LU/LC by
using IRS satellite data of the year 1991, 2001, 2010 and 2018. Under the influ-
ence of population growth, economy and physical environmental conditions the
study area show changes in LU/LC. Physiographically the area is diverse. Open
scrub, ravines with scrub in the study area were mainly converted into culti-
vated, plantation and settlement/built-up classes. Cultivated land and agro-
business plantation like oranges, mango, guava, mausambi (sweet lemon) etc.
show an increase in areal extent which occupies a flat and low lying area with a
slope ranging 0 - 9 during the study period. Ramganj-Mandi and Jhalawar are
the environmentally most critical areas where extensive limestone mining is car-
ried out. The main impact of mining on environment is land degradation, water
pollution, soil loss and public health. The Majority of limestone mining, limes-
tone dumping sites, overburden, and waste rock are carried on agricultural land.
As per various government reports every year about 65 - 100 hectares of agri-
cultural land are being removed for mining purposes. But as per demand the
land under mining and related activities are increasing every year. Limestone
exploitation is carried out by removal of overburden and limestone extraction.
The bulk quantity of waste product/overburden dump generated results de-
nuded land-scape change which affects the hydrological profile along with soil
and sub-soil. Waste generated from industries produces a large quantity of
highly alkaline water at the time of limestone cutting and polishing which re-
duces the infiltration rate and increases the runoff. Due to mining and industrial
setup which becomes the employment sector for stone cutting and polishing has
been increased by population explosion. Within 27 years of interval mining and
overburden has been increased by 32.82 km® (3282 Ha) by area. Greater empha-
sis should given on the dynamic changes between human societies, their envi-
ronment and ecosystem at a regional scale. Government should take into con-
cern about the land transformations which influence the micro-climate change.
The prime factor to overcome the land transformations e.g. deforestation, de-
vastation of mining activities or other changes in natural vegetation is land
management. This spatial and temporal framework has led to a greater consid-

eration of LU/LC transition processes.
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