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oil erosion presents a significant environmental challenge in Bannu District, adversely

impacting agricultural productivity and land sustainability. This research article offers a

comprehensive approach to assessing and mitigating soil erosion risk in the region by
utilizing the Revised Universal Soil Loss Equation (RUSLE) model in conjunction with
hypsometric analysis. The study integrates various geospatial datasets, including mean annual
rainfall, digital elevation models, soil maps, land use/land cover classifications, and satellite
imagery. These datasets are essential for mapping the five key factors of the RUSLE model:
Rainfall Erosivity (R), Soil Erodibility (K), Slope Length and Steepness (LS), Land Cover
Management (C), and Support Practice (P). By mapping each factor individually and then
integrating them, the study estimates soil erosion rates in Bannu District. Soil erosion risk is
categorized into five levels, ranging from very low to excessive, to facilitate practical assessment.
This classification assists in identifying areas that require immediate attention and intervention
for sustainable land management and agricultural practices. The study highlights the benefits of
combining Remote Sensing (RS) and Geographic Information System (GIS) technologies with
the RUSLE model. This integration enables policymakers and land managers to evaluate and
address soil erosion issues on a broader scale. Additionally, the study examines the role of
hypsometry in understanding topography and erosion dynamics, incorporating topographic
elements into the RUSLE model to explain soil erosion trends in Bannu District. Overall, this
article provides a scientifically rigorous and practical soil erosion risk assessment for Bannu
District. By leveraging the RUSLE model and GIS data with hypsometric analysis, the study
offers valuable insights for addressing soil erosion and promoting sustainable land use in the
region. The findings are intended to assist policymakers and stakeholders in safeguarding
agricultural productivity and enhancing land sustainability in Bannu District.
Keywords: Soil Erosion; Geospatial Assessment; RUSLE; Hypsometric Integral; Drainage
density; Transverse Topographic Asymmetry Factor.
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Introduction:

Soil loss is recognized as one of the major global challenges of the 19th and 20th
centuries, with significant impacts on agriculture, human health, and the global environment.
Soils play a crucial role in supporting the production of valuable ecosystem services, yet
anthropogenic activities and environmental factors continue to degrade soil quality [1]. Key
drivers of soil degradation include population growth, land degradation, and desertification.
Erosion, in particular, has numerous adverse effects that warrant serious concern [2][3]. It
diminishes crop productivity and soil fertility by stripping away the fertile topsoil, reduces water
storage capacity and quality, increases contamination and sedimentation in rivers and streams,
and contributes to flooding by obstructing river flow with sediment layers. Additionally, soil
erosion decreases the land's ability to absorb CO2, impacting greenhouse gas retention [5]. It is
estimated that soil erosion affects approximately 10 million hectares of agricultural land annually,
leading to decreased agricultural productivity, weakened economies, and increased food
insecurity [7].

Globally, around 0.5-1% of sediment disrupts reservoir storage annually, and projections
suggest that by the 2050s, many dams could lose half their current storage capacity, a troubling
forecast [8]. In Asia, sediment occupies 40% of reservoir capacity, leading to substantial
reductions in storage [9]. Developing countries, such as India and Iran, face severe soil
degradation challenges, with India experiencing approximately 30 to 32.8 million hectares
affected by water erosion [10], and Iran reporting an average annual soil degradation of 24
tons/ha/year [11]. In Pakistan, soil disturbance affects around 16 million hectares, with 11.2
million hectares (about 70%) suffering from water-induced erosion [12]. Worldwide, sediment
production totals approximately 20 billion tonnes, with 80% of sediments reaching the oceans
from major rivers [13].

Soil erosion poses severe threats to global food security and economic stability,
particularly in regions with steep slopes and high rainfall. Annually, around 1 billion tonnes of
fertile soil are lost and deposited in reservoirs or exported to the Arabian Sea. For instance, the
Warsak Dam in Pakistan has lost 70% of its capacity due to sedimentation, highlighting the
importance of estimating soil erosion to implement effective preventive measures [15]. Reducing
soil erosion at such sites can enhance dam productivity and mitigate food security risks in
agricultural areas.

The complexity of soil erosion arises from various influencing factors, including slope,
precipitation, land use, altitude, and vegetation [16]. These factors, individually or combined,
cause significant damage to agricultural lands and reduce reservoir capacities. Research has
shown that land cover changes significantly impact soil loss, and climate change-induced
increases in rainfall intensity exacerbate soil degradation [17]. Predicting soil erosion is crucial
for mitigating these impacts. Effective soil erosion management relies on identifying risk areas
and estimating erosion rates in tonnes per hectare per year. Various models have been employed
globally to assess soil loss.

Risk mapping is a crucial step in addressing soil erosion challenges. Erosion models,
such as the Revised Universal Soil Loss Equation (RUSLE), combined with GIS and remote
sensing technologies, offer effective tools for evaluating and managing soil erosion. Traditional
methods are often costly and time-consuming, making the RUSLE model an attractive
alternative due to its simplicity, efficiency, and ease of implementation [20][21]. The integration
of RUSLE with GIS and remote sensing data enhances accuracy and provides valuable insights
for managing soil erosion [23][24].

Despite the RUSLE model's advantages, it has limitations, as it relies on available
observations and may not always provide a complete picture of soil erosion outcomes [25][20].
However, it remains a practical approach due to the ease of data acquisition and its benefits for
agriculture and waterway management. Previous research in regions such as Yunnan and
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Pakistan's Potohar region has demonstrated the effectiveness of the RUSLE model in assessing
soil degradation [27][28]. The RUSLE model, combined with GIS, provides a robust framework
for estimating soil erosion and developing strategies to address soil disturbance [23][8][28].

The goal of this study is to create a soil loss profile for Bannu District to quantify soil
erosion. The RUSLE model will be used alongside Remote Sensing and GIS to generate detailed
maps. This approach aims to identify and mark areas of active deformation in the Bannu
Depression. The main objective is to develop Iso Base and Transverse Topographic Asymmetry
maps for the Bannu region to recognize neo-tectonic activity. The study will also analyze
whether changes in drainage are tectonically induced or geologically controlled. By pinpointing
erosion hotspots and contributing factors, the study will enable more targeted interventions,
potentially improving agricultural output, preserving biodiversity, and extending dam lifespans.
Justification:

. The Bannu Depression is selected for study due to its location and tectonic activity.
. The availability of free remote sensing data facilitates research in this area.
. Iso Base and drainage basin asymmetry maps are being developed for the first time in

this region.
Materials and Methods:
Study Site:

The research will be conducted in the Bannu Basin, located in the southern part of
Khyber Pakhtunkhwa, Pakistan [32]. The coordinates are 32°43' to 33°06' North latitude and
70°22' to 70°57" East longitude. Bannu District is bordered by the Waziristan Mountains to the
west, Kohat to the north, and small hill ranges to the south and east, with the Gomal Plain to
the south and the Indus Plain to the east. Covering approximately 1,227 square kilometers,
including 74,196 hectares of cultivated land, it is part of the Trans Indus District in the
Northwest Frontier Province. The region is home to around 400 communities, primarily from
the Bannuchi, Marwat, and Wazir tribes. Temperatures can reach up to 48°C in the hottest
months and drop to around 6°C in the coldest months [33]. The rainy season lasts from January
9th to October 25th, with August being the wettest month, averaging 2.0 inches of precipitation.
The region experiences a dry period from October 25th to January 9th.
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Figure 1: Location of study area.
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Data Source Processing:

The Revised Universal Soil Loss Equation (RUSLE) has been effectively applied in
various environments, including mountain ranges, tropical waterways, extensive watersheds,
agrarian landscapes, and regions with distinct dry and wet seasons or continuous land use/cover
changes. It has also been used to assess croplands and advancements. The RUSLE model relies
on three main datasets for accurate soil erosion estimation:

. Climate and Surveying Data: This includes monthly rainfall and temperature values,
essential for calculating the rainfall erosivity (R) and slope length and steepness (LS)
factors.

. Surface Cover Data: Information from the land cover dataset, which provides details

about vegetation and surface conditions, is used to determine the land cover
management factor (C).
. Soil Erodibility Data: The soil erodibility factor (K) is calculated using soil survey and
characterization data, which detail the soil's susceptibility to erosion.
These datasets are crucial for accurately assessing soil erosion and developing effective
soil conservation measures.
Table 1: Description of data sources and its types

Type of data Data sources Description
Digital Elevation Earth Explorer (usgs.gov) SRTM DEM (30 s resolution)
Model (DEM) Grid format
Soil data Food and Agriculture  FAO Digital soil Map of the

Organization of the United World (DSMW)
Nations https://www.fao.org

Rainfall data https://www.pmd.gov.pk/en/ Rainfall data yearly annual period
Satellite images Earth Explorer (usgs.gov) Landsat 8, 30m Resolution
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Figure 2: DEM and Slope of Bannu Basin.

RUSLE Model:

The RUSLE model is widely utilized for estimating soil erosion parameters. Researchers
typically rely on a combination of meteorological data, soil and geological maps, remotely sensed
satellite images, empirical equations, and digital elevation models (DEM) from diverse sources
to predict these values. This article details the process of developing the model variables and
presents the results. Annual average soil loss is calculated using the RUSLE model, which
incorporates the five components outlined in Equation 1 [34].
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In the RUSLE model, "A" represents the mean annual soil loss in tons per hectare
per year (t ha™ year™!), "R" denotes the rainfall erosivity factor measured in millimeters of
water per hectare per year (M] mm ha™ h™" year™), "K" is the soil erodibility index in metric
tons pet cubic meter per meter of water (t hr./MJ] mm), "LS" is the topogtaphic factor
reflecting the length and steepness of slopes (dimensionless), "C" signifies cover
management, akin to cropping management (also dimensionless), and "P" represents
support measures or practice controls (dimensionless).

Erosion was calculated using the mathematical feature map, while all other
components were derived independently from raster data. The area was delineated using
the ArcGIS (10.8) mapping and analysis technique. To compute the RUSLE variables, a
range of equations was applied, with satellite imagery and digital elevation model data
serving as inputs. Table 1 provides details on the data sources, equations used, and the
analysis process. The research involved an extensive review to identify the most accurate
equations for computing the variables, selected for their ability to produce estimates
consistent with published ground erosion observations. Further details on the derivation of
each variable are discussed in the following sections; a visual representation of this process

is illustrated in Figure 2.
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Figure 3: Flowchart of study area
R_Factor:

The component related to annual rainfall is vital for assessing the overall amount and
intensity of precipitation. Monthly precipitation data spanning ten years (2012-2022) were
gathered from the Pakistan Meteorological Department for each of the five weather stations in
the study area. This data, expressed in millimeters, is crucial for calculating the rainfall erosivity
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factor (R); higher annual precipitation corresponds to a higher R-value. By determining the
average annual rainfall, the R factor can be calculated. To map rainfall distribution across the
region, the inverse distance weighting (IDW) method was utilized in ArcMap. IDW is widely
regarded as an effective tool for estimating precipitation patterns across a given area [35][36][37].
According to Numan [38], the following equation is considered the most accurate for calculating
R.
R =-8.12 + 0.562 x PCP 2
PCP indicates the average annual precipitation in mm.

Topographic LS Factor:

In this study, the L and S variables in the RUSLE model capture the impact of
topography on erosion rates. Soil erosion and overland flow are generally higher with increased
slope length and steepness [39]. We used the Digital Elevation Model (DEM) within the ArcGIS
environment to calculate the LS (length and steepness) value, which provides detailed
information about slope characteristics across the landscape. The LS calculation considered both
flow accumulation and slope steepness. By integrating slope steepness and flow accumulation
into the DEM using the ArcGIS Spatial Analyst add-on, we determined the runoff accumulation
rate and slope. To derive the LS factor for our analysis, we applied Equation (3) as proposed by
Moore and Burch [40][41].

LS ( Flow accumulation X CellSize **  ( SinSlope )13 3
- 22.13 0.0896

Where "Flow Accumulation” refers to the total upslope area contributing to each grid
cell, and the "LS Factor" combines the length and steepness of slopes. The 'Cell Size' variable
indicates the dimensions of a single grid cell, while 'Sin slope' represents the slope's angle in sine
terms.

Soil Erodibility (SE) K_Factor:

The K_Factor measures the ease with which soil particles can be detached and
transported by precipitation and runoff. It is primarily influenced by soil texture, organic matter
content, structure, and permeability. The SE, or "rate of erosion per unit of the erosion index
from a typical unit plot of 22.13 meters in length with a slope gradient of 9%" [42], reflects the
rate of soil loss relative to the rainfall erosivity (R) index.

Cover Management Factor (C):

The C factor characterizes soil loss in relation to land use/land cover (LULC)
classifications. Calculating the C factor requires information about soil management practices,
crop type, soil moisture, and surface variations [43]. In this study, we determined the C factor
using LULC categorization, following the methodologies outlined by [44][45]. We derived the C
parameter from the LULC map of the basin. Table 2 lists the values for the cover management
factor, which range from 0 to 1. The C-factor is crucial for soil erosion modeling, as it estimates
an area's susceptibility to soil loss. Higher C-factor values indicate greater vulnerability to
erosion, suggesting less effective vegetation cover or management practices in those areas.
Table 2: C factor for LULC Classes

St. No Land Cover C_Factor

1 Grass Land 0.7

2 Forest Cover 0.004

3 Water Bodies 0

4 Crop Land 0.65

5 Buildup Area 0

6 Snow Cover 0

7 Bare Land 1
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Erosion Control Practice (P) Factor:

The P-factor in soil erosion modeling represents the effectiveness of erosion control
practices in mitigating soil loss under specific topographic conditions, particularly concerning
up-and-downhill plowing. This factor accounts for various land treatments and measures
designed to prevent soil particle movement and minimize erosion. Erosion control practices
such as contouring, compaction, constructing sediment basins, and implementing erosion
control structures influence the P-factor. In Pakistan, limited efforts have been made to
implement such erosion control practices, resulting in a general lack of comprehensive erosion
control measures across the region. Consequently, for the entire study area, the P-factor was
assigned a value of 1, reflecting the absence of specific erosion control practices and minimal
resistance to soil erosion [10][46].
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Figure 4: Land Use Land Cover Classification of Bannu
Table 3 : List of software used for this research

Software Name Application
Arc GIS 10" For Map making and Re-projection
ENVI Import and Export
MATLAB 7.6.0 (R2008a) Robocop Extraction geomorphic Indices and DEM
version Processing

Hypsometric Integral:

The hypsometric integral of Bannu Basin is a geomorphological metric used to analyze
the elevation distribution within the basin. This integral is computed by graphing the cumulative
area of the basin against its cumulative elevation and calculating the area under the resulting
hypsometric curve. The hypsometric integral provides valuable insights into the basin's overall
shape and relief characteristics, enabling geologists and geomorphologists to understand its
geological evolution, tectonic activity, and erosional history. By examining the hypsometric
integral of Bannu Basin, researchers can gain a clearer understanding of the basin's geomorphic
development and infer landscape processes, uplift rates, and tectonic influences that have shaped
the region over geological timescales.
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Transverse Topographic Basin Symmetry:

Transverse topographic basin symmetry is an innovative technique used to assess the
asymmetry of topographic basins and differentiate between random and regional stream
migration patterns. While this method does not provide definitive evidence of ground tilting or
tectonic movement, it can help identify factors related to ground tilting in neotectonic regions,
particularly where active faults are concealed or poorly exposed. Stream migration can be
influenced by both external forces, such as monoclinal shifting and tectonic tilting, and internal
fluvial processes. External forces consistently affect the lateral migration of streams, depending
on factors like stream orientation, size, and substrate resistance. Internal fluvial processes,
however, influence stream migration independently, leading to a lack of a well-defined mean
migration direction for a stream population.

Drainage-basin symmetry methods compute the mean migration direction for all streams
of a certain order or higher, allowing differentiation between migration due to external forces
and internal processes. By examining the deflection of the active meander belt from the drainage
basin midline, an asymmetry vector is determined for each valley segment of a specific length.
This data is then used to calculate a mean vector and statistically assess whether it is likely the
result of non-random processes. This technique is particularly useful for evaluating recent
tectonic activity in regions with pootly exposed or absent surface faults. Basin asymmetry, while
indirect, relies on geomorphic variations, stream organization, and watershed asymmetry to
assess tectonic impacts. Large water channels, being sensitive to tectonic activity, can indicate
subsidence or uplift through changes in tributary directions.

ISO Base Level:
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Figure 5: Generation of base level map
Base-level maps, or "isobase maps" as originally defined by Filosofov (1960), illustrate
the relationship between geology and valley order. These maps can be seen as an "enhanced"
form of the initial topographic surface, from which the "noise" of low-order stream
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disintegration has been removed. This approach allows for the identification of areas with
potential tectonic impact, even within lithologically uniform regions. The concept of base level
was defined as a level "below which dry grounds cannot be eroded." While sea level is the
ultimate base level, some researchers have suggested that local base levels can be defined
according to different geological or temporal conditions across areas or even within the same
watershed.

Base-level maps reflect the relationship between valley order and geology. Valley order
refers to the relative position of tributary segments in a stream network, where streams of similar
orders correspond to similar geomorphological events and have comparable topographical ages.
Each base-level surface is associated with specific erosional stages and can be seen as a result of
erosional-tectonic events, predominantly the most recent ones. Stream networks serve as an
authentic indicator of tectonic activity. Stream long profiles are sensitive to various forces,
including climate and lithology, with lithological boundaries between rocks of differing erosional
properties affecting channel slope and local base level, even without significant tectonic
deformation.

Results and Discussion:
Topographic LS Factor:

Figure 6 illustrates the variation in the length-slope (LS) factor across the Bannu Basin.
The LS factor, which combines slope length and steepness, significantly influences soil erosion
potential. The map displays LS values throughout the basin, highlighting areas with varying
erosion susceptibility. Regions with higher LS values, indicating steeper and longer slopes, are
more prone to erosion. Conversely, areas with lower LS values, characterized by gentler and
shorter slopes, are less likely to experience significant erosion. The LS factor values range from
0 to 8.75 within the study area, with higher values correlating to increased erosion risk and lower
values indicating reduced erosion potential. This variation in LS factor is crucial for assessing

erosion control needs and implementing preservation strategies in the Bannu Basin.
70°2:.0'F, 70°L‘§0'E 70°~30’E 70°§0'E 71:’E

Topographic LS Factor N

33°10'NA F33°10'N

339N+

F33°N

32°50'NA F32°50'N

LS-Factor
\ | Sudy area
W High : 8.75171

0 10 20 40 Km -,

32°40'NA L I ! 1 | | I 1 | F32°40'N

T T T T T
70°20'E 70°30'E 70°40'E 70°50'E 71°E

Figure 6: Length and Slope (LS) factor

Rainfall Erosivity Factor:
The R-factor map for the Bannu Basin was developed using mean annual rainfall data
collected from weather stations. To generate a detailed depiction of rainfall erosivity across the
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study area, the Inverse Distance Weighting (IDW) method was used for interpolation. Figure 7
displays the spatial distribution of R-factor values across the Bannu district, ranging from 26.9
to 29.8 MJ mm/ha/h/year. The R-factor, a crucial element of the Revised Universal Soil Loss
Equation (RUSLE) model, measures the erosive potential of rainfall in terms of its capacity to
induce soil erosion. There is notable variability in R-factor values across the region. Areas with
R-factors approaching 29.8 MJ mm/ha/h/year experience more intense and erosive rainfall
patterns, leading to increased susceptibility to soil erosion due to the higher impact energy of
raindrops and surface runoff. In contrast, regions with lower R-factor values, around 26.9 MJ
mm/ha/h/year, encounter less intense and erosive rainfall, resulting in a reduced likelihood of
soil erosion. This reduced erosion potential can be attributed to factors such as milder rainfall
intensity and a higher capacity for water infiltration into the soil.
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Figure 7: Rainfall Erosivity (R) factor
Soil Erodibility Factor:

Figure 9 illustrates the distribution of K values across the Bannu region, which range
from 0.19 to 0.27, indicating low-to-moderate soil erodibility in the area. The K factor quantifies
the susceptibility of soil to erosion, with lower K values reflecting soils that are less prone to
erosion and higher values indicating greater erosion potential. To further elucidate the spatial
variation in soil erodibility, the K factor is categorized into two main types: lithosols and haplic
xerosols. The map employs a color scheme to represent these categories, with green denoting
areas of low erosion capacity and blue indicating regions with high erosion capacity. The gradient
from green to blue signifies increasing soil erosion potential across the Bannu region. Lithosols
generally exhibit low soil erodibility, indicating a higher resistance to erosion, whereas haplic
xerosols are more prone to erosion under erosive conditions.

Cover Management Factor:

Figure 4 shows the land cover classification in the Bannu region, divided into six
categories: bare land, built-up areas, water bodies, natural trees, vegetation crops, and grassland.
Figure 9 depicts the "C factor" of the Revised Universal Soil Loss Equation (RUSLE) model.
The "C factor," representing the "cover and management" aspect of the RUSLE model,
measures the impact of land cover and management practices on soil erosion. This factor varies
according to the type of land cover and management practices in the region. Natural forests and
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grasslands typically have high C factors due to their vegetation cover, which provides substantial
protection against erosion. Detailed information on classification accuracy is available in Table
2.
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Figure 9: Cover Management C factor of Bannu basin
Soil loss Estimation:

Spatial variations in soil erosion patterns within the study region were identified,
necessitating the categorization of areas based on their erosion risk for more straightforward
analysis. Accurate assessment of soil erosion hazards is crucial for pinpointing high-risk areas
and devising effective preventive measures. To evaluate soil erosion risk, this research employed
a classification system based on boundaries established by the OECD, a framework commonly

June 2024 | Special Issue Page | 397



OPEN ACCESS . . . .
a International Journal of Innovations in Science & Technology

used in regional studies. This classification approach aligns with methods applied in prior
research conducted in the same general area.
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Figure 11: Iso Base map of Bannu with Contours of 25m
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These erosion maps were created by consolidating the relevant parameters and applying
Equation (1) using the raster calculator in ArcGIS. The resulting maps were then calibrated and
analyzed to assess the severity of soil erosion risk within the watershed. In these maps, higher
parameter values indicate greater erosion rates, while lower values represent reduced sediment
yield. Figure 10 visually depicts the annual soil loss, ranging from 0 to 15 tons per hectare. The
map illustrates spatial variations in soil erosion, with some areas showing low soil loss while
others exhibit higher levels. The findings indicate that bare areas and highlands with steep slopes
are particularly vulnerable to soil erosion, as highlighted by the map.

ISO Base Level:

Iso Base maps facilitate the examination of landscape variations and changes in stream
Strahler orders. These maps display lines of equal uplift, indicating different erosional stages.
For the Bannu depression, Iso Base maps have been generated for the first time, with contours
created at 25m, 50m, 75m, and 100m intervals using ArcGIS 10. The resulting maps provide
valuable insights into tectonic activity: thicker Iso Base lines in red highlight areas of significant
tectonic activity, while broader contour lines represent regions with relatively lower tectonic
activity. The Iso Base contour lines also clearly depict various stages of erosion, offering a
comprehensive understanding of the region's geomorphic development and providing
important information for analyzing tectonic influences and landscape processes.

Areas of high tectonic activity are depicted on the map with thicker Iso Base lines in red,
while regions of relatively lower activity are shown with wider contour lines. Due to the 50m
contour interval used in the map, the contours are broader compared to those on a map with a
25m interval. However, within the same regions of high tectonic activity, the contour lines
appear thicker.
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Figure 12: Iso Base map of Bannu with Contours of 50m
In this map, contours are generated at a 75m interval, resulting in broader lines compared
to those at 25m and 50m intervals. However, the contour lines remain thicker at the same
locations.
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Figure 13: Iso Base map of Bannu with Contours of 75m
In this map, contours are generated at a 100m interval, making them broader compared
to those at 25m, 50m, and 75m intervals. However, the contour lines are still thicker at the same

locations as seen in the previous maps.
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Figure 14: Iso Base map of Bannu with Contours of 100m

June 2024 | Special Issue Page | 400



OPENBACCESS International Journal of Innovations in Science & Technology
Aspect Map:

An aspect map of Bannu illustrates the directional orientation of the region's slopes.
This map is essential for understanding the direction each point on the landscape faces. Aspect
is measured in degrees, where 0° denotes a north-facing slope, 90° an east-facing slope, 180° a

south-facing slope, and 270° a west-facing slope.
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Figure 15: Aspect map of Bannu Depression.
Shaded Relief Map:

The shaded relief map of Bannu highlights the region's topography and terrain features
through the use of light and shadow effects. By simulating illumination from a specific light
source, this map creates a three-dimensional appearance of the land surface. Elevations and
landforms are represented by varying shades of gray or color, with higher elevations appearing
lighter and lower elevations appearing darker.

Transverse Topographic Basin Asymmetry:

This method is a valuable tool for assessing neo-tectonic activity by examining shifts in
the drainage basin midline. Drainage systems are highly sensitive to tectonic activity, as even
minor elevation changes can significantly alter their configuration. The T-index, calculated using
the formula \('T = \frac{Da}{Dd} \), measures the distances from the basin midline to the
basin margin. To create a T-index map of the Bannu Depression, data from the 5th, 6th, and
7th Strahler stream orders were analyzed using the SRTM DEM in MATLAB. The resulting
map displays arrows indicating the direction of river midline migration. Observations reveal that
streams are migrating in a downward tilt direction due to uplift, suggesting active tectonic
processes in the area. This map provides valuable insights into the region's geomorphic dynamics
and aids in understanding neo-tectonic activity in the Bannu Depression.
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Figure 17: T-Index map of bannu basin
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Conclusion:

In conclusion, the Revised Universal Soil Loss Equation (RUSLE) model has
demonstrated its value as a cost-effective tool for estimating soil erosion rates across diverse
regions. Its capacity to incorporate multiple factors—including rainfall intensity, soil erodibility,
slope, land cover, and land management practices—enables a thorough assessment of soil
erosion risk. By integrating RUSLE parameters with GIS software like ArcGIS, researchers and
land managers can produce detailed soil erosion risk maps, which are essential for developing
effective soil conservation and land management strategies. Hypsometry, the study of elevation
distribution within a geographic area, is crucial for understanding the topographical features of
a landscape. Hypsometric data and maps offer valuable insights into elevation ranges,
highlighting low-lying and highland regions. ISO base maps, adhering to International
Organization for Standardization (ISO) standards, provide reliable geospatial data, including
administrative boundaries, transportation networks, hydrography, and elevation contours. In
summary, combining the RUSLE model, hypsometry, and ISO base maps presents a powerful
methodology for analyzing and managing soil erosion risks. These tools collectively enable a
comprehensive evaluation of soil loss potential, landscape characteristics, and geographic
context, which is vital for devising targeted soil conservation strategies and sustainable land
management practices. As concerns about soil degradation and environmental resilience grow,
the application of these tools is increasingly essential for protecting our natural resources and
ensuring long-term ecological stability.
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