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Abstract - Badland formations are an ever-expanding network of erosive channels that make land
unsuitable for cultivation and other uses. The Narmada &Sherrivers' alluvium badland trail is situated in
India's central region. Using top sheets from the Survey of India (SOI), the area's base map is divided into
badland and other land. For morphological characterization, two separate primary badlands have been
found. The several map layers for drainage system, contours elevations, distance mapping, isopach
(depth of alluvium deposits), & slope are acquired in a GIS environment.According to the study's
findings, more than 75% of the badland area's alluvium deposits have been developed. The soft alluvium
deposit is a primary reason for the badland's spread onto the alluvium geological area since it is more
susceptible to gull erosion. After developing MIE, applying it to the study area, & verifying its accuracy

with field data, we may now assess the degree to which badland watersheds are eroded.
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INTRODUCTION

Naturalists, geomorphologists, and environmental
scientists have been fascinated by the breathtakingly
austere vistas of the badlands because of the
apparent universal destruction shown in these stark or,
at most, thinly vegetated regions. In the 18‘hcentury,
initial explorers in North Dakota (USA) used the
French expression "mauvaisesterres pour traverser" to
describe territories that were difficult to transverse and
agriculturally unproductive. Badlands refer to these
arid regions (Fairbridge, 1968). Based on these ideas,
modern definitions of badlands include landscapes
that are extremely fragmented, with hill slopes and
divisions produced in loose rock outliers&
unconsolidated sediments, little or no vegetation, &
unsuitable for farming (Moreno-de lasHeras 2016).

The allure of badland habitats can be explained by the
fact that the processes that occur there are
instantaneous and quick, and that natural occurrences
predominate (Gallart et al., 2013a). High drainage
densities are common in badlands, resulting in a
variety of slopes & ravine formations, alluvium
expanses, & washes. This is brought on by surface
fluvial processes, piping, & bedrock degradation. They
are in charge of many of the landforms & processes
that produce more moderate landscapes on a smaller,
more limited scale (Campbell, 1989; Howard,
2009).Badlands are characterized by linear erosional
features, whereas gully systems feature both hill
slopes and splits (Gallart et al., 2002). However, gully
growth can initiated or restart badland processes
(Nogueras et al., 2000; Ballesteros-Canovas et al.,
2017), hence gully systems are intrinsically linked to
badlands.

Badlands are typically unimportant parts of the
landscape. For illustration, large-scale area studies
reveal that badlands only account for a couple of
thousand sg.km in the Mediterranean basin and for
about 25% of desert landscapes in the
southwestern U.S. (Clements et al.,, 1957). Most
people think of badlands as places where a lot of
sediment is produced on a regional scale, despite
the fact that they often don't cover very much land. A
recent meta-analysis of 55 studies on badland
erosion in the Mediterranean basin reveals that rates
of erosion near to and above 100 t hal yrl are
prevalent at field measurement scales between 104 -
103 ha (Nadal-Romero et al., 2011, 2014a). For
habitats further downstream, these high rates of
sediment production have significant
geomorphological effects. For example, that
badlands are necessary for maintaining river deltas
and organizing the sedimentary formations of rivers
(Clotet, 1984; Grove 2001). However, field
observations & modeling studies have shown
moderate denudation rates over broad regions at a
variety of historical badland sites, proposing that
these landscapes may have stayed reasonably
constant over the millennia, so tread carefully when
discussing the erosive activity of badlands. Daz-
Hernandez, J., &Julia, A. (2006) Badlands are
extremely fragmented landforms that have certain
basic morphological characteristics but can also
exhibit a wide range of geomorphic activity &
dynamic behavior (Torri et al., 2000; Gallart et al.,
2013a;).

Many aspects have been proposed as major
contributors to badland formation. Denudation
instability occurs when the climate mediates the
equilibrium among erosive force & vegetation
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management in hillslope, badland systems (Alexander
et al., 1994; Bochet et al., 2009). The topographic
gradient, subsurface conditions, weather ability &
erosion susceptibility of the underlying bedrock are all
provided by regional tectonics and lithology, which
play a significant role in the formation of badlands
(Harvey, 1987; Campbell, 1989; Kasanin-Grubin,
2013). However, they may also manifest in tertiary
forms brought on by regional triggers such extreme-
event floods or human activities (Wainwright, 1996;
Ballesteros-Canovas et al.,, 2017). Large swathes of
badland can be caused by both regional base-level
shift and soft saline bedrocks, which inhibit plant
development (Howard, 2009). To better understand
the formation of badlands & create a morphological
measure of erodibility for equaling the cruelty of
erosion across watersheds, the current study
examines the geological & river network context of
badlands.

AREAS OF INDIA AFFECTED BY RAVINES

In 1971, India was home to over 3.975% million
hectares (ha) of ravines. (NCA, 1976). The area was
reduced to 2.678,000 acres as a result of land
reclamation efforts that year. (GOI, 1996). But the area
of damaged forest has increased from 19.494 million
ha in 1971 to 24.897 million ha in 1996.There hasn't
been a coordinated, comprehensive survey of the
different types of land degradation across the nation
by any agency. The data used or provided by different
authorities is only based on information gleaned from
sporadic sources or general observations. The
research conducted by the Natural Bureau of Soil
Survey & Land Use Planning (2007) used a map with
a scale of 1:1000000. Using soil profile data collected
on a 10 km grid, NBBS &LUP generated their soll
degradation map (GOI, 1996). The Government of
India report (GOI, 1996) indicates a ravine affected
area of 2,678,000 ha, an estimate generated after
consultation with many authorities. There was no
actual fieldwork done to produce these results.
Compared to previous projections, it represents, at
most, a slight improvement. As of 1971, there were
0.883,000 square kilometers of land in Madhya
Pradesh that had been damaged by ravines. In 1996,
it shrank to 0.623 million ha (GOI, 1996).

CLIMATE & LOCATION OF THE STUDY REGION

The developed badland on the alluvium belt may be
seen along the Narmada River basin, which includes
the river's minor tributaries as well as the confluence
of the Sher, Barureva, & Umar rivers (Figure 1). The
southern bank of the Narmada River, with its tiny
tributaries like the Dhamani&Sarasrivers, has been
fully devastated by badland development. In contrast,
the area where the Sher, Umar, &Barureva rivers all
meet the Narmada has developed extensive
badland.The Sher River Valley is also somewhat
impacted by badland development.  Around
22.0049'.00" N, 79.00.00 E and 23.0049.0'50.5"N,
79.00 25.0' 9.20"E is where the alluvium poor land
tract along the Narmada &Sher rivers may be found.
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The mentioned badland tracts are chosen to assess
the local morphology. According to history, the region
was a favorite grazing place, and shepherds &
nomads built permanent villages there (Tignath et al.,
2005). Soils in this area have a loamy texture &
contain a little amount of clay. Large seasonal
changes in temperature, precipitation, and humidity
characterize the subtropical climate of the studied
area.

Rainfall: The south-west monsoon causes the rainy
season, which runs from June through October. In
addition, the north-east monsoon provides some
precipitation throughout the months of January &
February. Rainfall occurs primarily in July & August.
Typically, the rain will cease toward the month's end of
September. In a few years, though, October saw
significant monsoon precipitation, too, averaging 1053
millimeters.

Temperature: The study area experiences a sharp
increase in temperature from the beginning of March
through the hottest month of the year, May. Every
day in May, the highest temperature usually reaches
between 39 and 45 degrees Celsius. When the
monsoon finally arrives in the second week of June,
the temperature drops significantly during the
day.Temperatures drop quickly day & night starting
in mid-November. The winter months of December &
January are the coldest. The average annual
temperature ranges between 2 and 45 degrees
Celsius. Overall, the nights are cooler while the days
are warm.

Relative Humidity: In the months of July, August, and
September, the relative humidity ranges from 83.9 to
89.6% during the morning hours. The months with
the lowest morning relative humidity, ranging from
40.3 to 48.6%, are March, April, and May. Morning
relative humidity is 60.5% and nighttime relative
humidity is 45.6% on average each year.

Wind Speed: In the study region (Narsinghpur
station), the mean annual wind speed is 2.44 km/h in
the morning & 4.35 km/h in the evening. In the
months of May and June, which are the pre-
monsoon season, the wind speed is at its peak. The
month of June has the maximum wind speed of 7.41
km/hr, while the month of January records the lowest
wind speed of 2.98 km/hr. In the morning, the
average seasonal wind speed is 3.05 km/h, while in
the evening, it is 5.96 km/h. Mean wind speeds are
seen to be higher in the evenings than they are in
the mornings.

The term "potential evapotranspiration" (PET) refers
to the quantity of water lost through transpiration by
a low-lying crop that casts a constant, even canopy
over the ground or never needs to be
irrigated.Previous studies have shown that May has
the greatest PET levels (200 mm) while December
has the lowest (60 mm).
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MATERIAL AND METHODS

Using a topographic survey map, the area's base map
was constructed to show how the badlands and other
lands are divided (Survey of India, 1972).

The Badland: A GIS Morphological Study

The morphological characteristics of the 2 badlands—
one on the Narmada river & other on the Sher river—
has led to their selection. GIS software has been used
to build a variety of map overlays (ILWIS 3.0, 2001).
There are four different types of GIS map layers: a
drainage pattern map, an isopach map, an
encroachment distance map, a badland encroachment
map with the main river track as source, & digital
elevation map (DEM) (Figure 4). The DEM of the study
area is used to estimate the slope values of these
badlands. The following subsection lists and defines
the extracted attributes of map layers that are then
employed in the computation of different morphological
parameters.

Morphological Index of Erodibility (MIE)

The severity of the degradation & precise procedures
that must be performed to repair the area must be
determined for each of the multiple micro watersheds
that make up a badland area (a ravine affected area).
Researchers have used remote sensing, GIS, and a
sediment yield index methodology to prioritize micro
watersheds  (Chakraborti, 1991). Utilizing a
morphological analysis of the watershed,
Nookaratnam (2005) selected the micro watersheds
that are a part of bigger basins.As per theearlier
studies, shape characteristics (Rc, Re, and Rf) show
an inverse association with erodibility while linear
parameters (Dd, Df, T& Rh) support erodibility of
watersheds. In order to compare the deterioration of
watersheds, Biswas et al. (1999) &Nookaratham et al.
(2005) employed a rating system. Thus, using a
ranking system to prioritize a watershed within a
certain area is useful. However, it cannot be utilized to
quantify the impact of morphology on erodibility. It can
be challenging and perplexing to compare watersheds
using a variety of criteria. For evaluating the combined
influence of many morphological characteristics on
erodibility, the MIE, as specified below, has been
urbanized in the current work.

MIE=(Dd x Df x T x Rh)/ {Rc x Re x Rf}

Drainage density (Dd): The stream order index
measures how much water flows through a certain
area as a percentage of the basin's total stream
length.lt is expressed in ‘km/km2’

Di=<1r /4

u=l

Drainage frequency (Df): Horton (1932) suggested that
the ratio of the total number of streams in a basin to
the basin area be the drainage frequency factor. It is
stated in no./km2.

D,=YN,/4

u=1

Texture ratio (T): The texture ratio is the proportion of
first-order streams to the basin's circumference. There
are x number of first-order streams per kilometer.

T=N,/P

Relief ratio (Rh): The relief ratio of a basin is
calculated by dividing its total relief (H) by its
greatest length (Lb). It represents the system's latent
or wasted energy. The unit of measure is "m/km."

Ry=H/Ly
Shape parameters of a basin

Shape parameters (Rc, Re, & Rf) provide a range of
values that describe the shape of a watershed (0 to
1). If the value is close to one, either an elongated or
nearly round shape is guaranteed. In generally,
elongated watersheds exhibit delayed surface runoff,
which leads to reduced erosion, & circular
watersheds exhibit the opposite.

Circularity ratio (Rc): Circularity ratio is computed as:

R =12574/ P’

Form factor (Rf): It defined as the product of the
basin area (A) & maximum basin length square (Lb).

R, =A4/L,

Elongation ratio (Re): The diameters of a circle with
the similar surface as the basin divided by the
longest length of the basin yields the elongation
ratio.

R,=1.1284"/L,

Neelam Devi*

www.ighited.in

257



Badland area Geomorphological Changes |l

79“IN'I'E 79:05'5 T9*10°'E ?‘DVIIS‘E 79”‘20'E 75"?5'5
h

F23°05'N

(-23°00'N

[22ssN Legend:Elevation in meter

340
(=]
[ 358
[
(ke

AT k:
= s m X A
1st order o Yy Ty AT
znd Drder = ;am‘na river . _\-\ L
— 3rd order i
— 4th order ! T =
—— Barureva river = (&

Dhamani river

Nanmada river N — —
—— Sher River 0 10 km

L22e50'N

Figure 4: Badland region's DEM.

Figure 1: Watershed selection & drainage pattern RESULTS & DISCUSSION
in a badland area.
The pattern, location, &region of badland formation in
the research area are all extensively described by the
GlIS-based analysis of the chosen badland locations.
N The lengths of the Sher (49.67 km), Barureva (66.26
$ km), and Dhamani (23.21 km) rivers are found to be

k.

slightly impacted by badland formation, whilst the
entire Sarasriver exhibits considerable badland
development as it approaches the confluence of the
Narmada. The stream network in the Badland area is
third- and fourth-ordered (Figure 1).

Related to the badland network of the Sher river
Legend: Depth of alluvium

in meter (A=91.41 km2), the area of badland development is

o highly dense throughout the Narmada tract, which

B includes the Barureva, Dhamani, &Saras rivers

e (A=161.53 km2). The particular badlands have
virtually equal magnitudes of drainage density&

Figure 2: Badland area isopach (alluvium deposit frequency, which are key variables in badland
depth) formation, according to a comparison of

morphological features (Table 1). However, the
Narmada tract's texture ratio is twice that of the Sher
badland, making it a significantly damaged badland.
Table 2 shows that first order streams account for
the majority of the formation of badlands, with the
Narmada badlands having the highest percentage
(78.46%) compared to the Sher River badlands
(64.66%).Based on these findings, the badland
situation develops when a high number of first-order
streams originate or already exist along the major
river water flow.

Legend: Distance from main
river course in meter

Table 1: Parameters of the badland area's

B- morphology.
e
[ zs30
ez SL No. Morphological parameters Badland along Badland along
Narmada river Sher river
1 Area (A), km~ 161.53 91.41
. . . . 2. Penimeter (P), km 114.01 111.11
Figure 3: Badland region is encroaching on the e b o1
i i 4. Dramage density (D), km/km® 2.45 222
main river ﬂ ow. 5. Drainage frequency (Dy). no./km” 4.74 4.74
6 Texture ratio (T) 527 252
7. Relief (H). m 44 70
8 Average slope (S). % 5.86 330
9. Constant channel maintenance (Cm). km”/km 0.41 0.45

Table 2: The badland area's drainage analysis.
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Percent to Stream  Percentto Av. stream

Number of

total stream  len, total stream  length Bifurcation  Length ratio
Order of stream streams aumber (Li;h length (L‘S:‘ ratiofRs, et
M) % km % km
Badland along the selected Narmada river track
First order 601 78.46 271.03 6844 045 432 -
Second order 139 18.14 72.21 1824 052 6.04 115
Thurd order 23 3.00 46.95 11.86 2.04 7.66 393
Fourth order 3 0.39 582 146 1.94 - 0935
Total/average 766 100 396.01 100.00 (R 601 (L)p=2.54
Badland along the selected Sher river track
First order 280 64.66 130.81 64.51 0.46 197 -
Second order 142 32.80 45.00 22.19 032 14.20 0.68
Thurd order 10 231 2598 12.81 2.60 100 8.20
Fourth order 1 023 097 0.48 0.96 - 037
Total/average 433 100 202.77 100 (Ro)ey =872 (Ly)y 443

The distribution patterns of the remaining stream
lengths in the two badlands are identical, which
strongly supports the contribution of first order streams
to the creation of the badlands. The fact that both
badlands' reported bifurcation ratio Rb values are
higher than 5.0 indicates that structural control (of the
badland process) overrides geomorphic control
(Strahler, 1957). The high bifurcation ratios of both
badlands & isopach map (Figure 2), which indicates
alluvium deposits underground at depths ranging from
30 meters to more than 150 meters, suggest the
existence of a flimsy geological foundation. The Sher
Badland's wide variety of length ratios suggests that
the underlying rock's structure is less uniform.This
specifies that the alluvium formation beneath the Sher
Badland exhibits vast alluvium deposits of various
depths.

Additionally, Figures 5 to 10 show that badland
formation is widespread (66.57% area) within 1 km of
the main river course. Therefore, it may be inferred
that the area where badlands form decreases with
increasing distance from the main river flow. Badland
encroachment from the main river flow can occur up to
4.6 km away (Figure 3). Figure 2 further demonstrates
how badland is found to be invading more heavily in
an alluvium geological structures with an alluvium
depth of 120 m or more (75% of the region is badland).

Eight watersheds (W1 to W8) around the Narmada
&Sherrivers have been chosen for an erodibility
analysis  (Figure 1).Table 3 compares the
morphological characteristics of these 8 watersheds
with those of an agricultural watershed. The planned
MIE has been determined using Equation (1) & shown
in a comparable table for each particular watershed.
The range of MIE for the badland watersheds, which
denotes the degree of severity, goes from 450 to
7888.The watershed W5 is the most severely
damaged and is ranked first, although the watershed
W6 is the least severely degraded. To assess the
severity and scope of badland watersheds, a nearby
agricultural subwatershed that is not affected by
badland has been chosen as a reference watershed
(W1 to W8). The Umar River Basin, which is close to
the badland area, has the least amount of gully
erosion and is the most stable location for the
reference agriculture watershed (85 U) (Deshmukh et.
al, 2009). By examining this reference watershed, 85
U, that generates MIE at 201, it is possible to
discriminate between badland watersheds & non-
erosive & stable watersheds. If a watershed has a MIE
of 201 or less, it can be said to be stable and non-

erosive. With a MIE of 450, or around 225% less than
the MIE of the reference watershed, the W6 watershed
in the badland region has the lowest MIE ever
observed. Therefore, if a watershed in this area has a
MIE index that is greater than or equal to 225% of the
MIE of the reference watershed, it may be classified as
badland. The stable pasture land that is now these
badlands was originally close to the main river stream.
In terms of slope, soil, and geological structure,
badland areas resemble agricultural fields;
nevertheless, the presence of active gullies renders
them more dissected & unsuitable for agricultural
usage.

Figure 5: The formation of a gully in the W5 sub
watershed of the Narmada River.

Figure 6: The development of gully cutting along
the Narmada River in sub watershed W5.
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. . . i Figure 10: Badland region around Barurevariver in
Figure 7: Vertically cutting along the main course W2 sub watershed

of the Sher River.
CONCLUSION

Badlands were created as a result of the alluvium that
accumulated at the Narmada and its tributary
confluences over a long period of time due to
massive influxes of silt. Another factor in the spread
of badland formation is the growth of initial order
streams next to the main river water course.The
guantity of first order streams created by unmanaged
gully erosion is thus critically important to the utility
of MIE.Field observations have been used to
compare the severity of erosion in micro watersheds
using a MIE. If a watershed in the research area has
a MIE value that is greater than 2.5 times that of a
reference agricultural watershed, that watershed
may be considered badland. By utilizing creative
watershed solutions like gully filling, stone bunding,
& plant strip along the side slope of active gullies, it
is possible to restore the badlands & transform them
into usable land.

Figure 8: Gullies have been cut vertically in a
series along the Sher River's primary channel.
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