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Abstract: Assam experiences recurrent monsoon flood yet Kamrup Metropolitan District in Assam faces water
scarcity due to rapid surface runoff, infiltration and inadequate rainwater storage and recharge practices. Increasing
urbanization and building of impervious surfaces have further reduced the effective utilization of rainfall. The
present study delineates rainwater harvesting suitability zones using a Geographic Information System (GIS) based
multi-criteria decision analysis. The analysis was carried out considering rainfall, slope, drainage density, land
use/land cover, soil type and elevation as major controlling parameters. All the six thematic layers were prepared,
reclassified and assigned relative weights based on their hydrological influence. A weighted overlay analysis was
carried out to integrate the thematic layers and generate the rainwater harvesting suitability map. The map
categorizes the study area into high, moderate and low suitability zones. The areas with gentler slopes, permeable
soils, lower drainage density and suitable land use conditions show higher potential for rainwater harvesting. The
results show a clear spatial pattern with moderate rainwater harvesting suitability covering most of the central urban
plain and higher suitability concentrated towards the eastern and southern parts of the Kamrup Metropolitan District.

Keywords - Kamrup Metropolitan, Rainwater Harvesting, GIS, Multi Criteria Decision Analysis, Weighted Overlay
Analysis

I. INTRODUCTION II. STUDY AREA

Kamrup Metropolitan district is a monsoon
dominated region which often experiences flood
during the rainy season but faces water scarcity due
to rapid runoff and limited groundwater recharge.
Expansion of impervious surface and absence
rainwater storage practices have further reduced the
effective utilisation of rainfall. Rainwater
harvesting provides a practical solution for
conservation of rainfall, reducing surface runoff
and supplementing local water resources.
Rainwater harvesting is widely recognised as one
of the effective methods for conserving rainfall,
reducing runoff and enhancing groundwater
recharge. It depends on several factors such as
rainfall, slope, drainage density, soil, land use/land
cover and elevation which influence runoff

generation and infiltration processes (Preeti et al.,
2022)
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The study is carried out in Kamrup Metropolitan
district located in the central part of the
Brahmaputra valley in state of Assam. It lies on the
southern Bank of Brahmaputra River and includes
Guwahati as the administrative headquarter and
extends approximately between 25°43'-26°51'N
latitudes and 90°36’-92°12" E longitudes, covering
area of about 990 km? as calculated from district
boundary shapefile. The district is characterized by
low lying alluvial plains along the river and gently
undulating terrain towards the southern region. It
experiences humid subtropical monsoon climate
with high seasonal rainfall however rapid
organisation have resulted in increased surface
runoff and reduced infiltration these characteristics
highlight the need for identifying suitable rainwater
harvesting zones. The study area has been shown in
Fig. 1.
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Fig 1. Study Area (Kamrup Metropolitan)

III. METHODOLOGY

The methodology adopted for the study involved
a GIS based multi criteria analysis to delineate the
rainwater harvesting suitability zones in Kamrup
Metropolitan district. The district boundary was
obtained from an official dataset and used to define
the special extent of the analysis and all thematic
layers were clipped to the boundary. The spatial
datasets required for the study were collected from
multiple sources such as the Digital Elevation
Model (DEM) was obtained from SRTM data with
a spatial resolution of 30 meter and land use land
cover was derived from Landsat 8-9 satellite
imagery, soil data were collected from Digital Soil
Map of the World (DSMW) and rainfall data were
obtained from Climate Research Unit (CRU). The
elevation data were pre-processed to remove
artificial depressions in order to ensure continuous
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surface flow and improve the reliability of drainage
and slope related parameters before performing the
terrain analysis. The thematic layers representing
rainfall, slope, drainage density, soil type, land use/
land cover and elevation were prepared and
classified into suitable classes based on their
influence on rainwater harvesting. Relative weights
were assigned to each thematic layer according to
their hydrological significance and the layers were
integrated to generate the rainwater harvesting
suitability map using GIS based multi-criteria
evaluation. The final map is classified as high,
medium and low suitability areas for rainwater
harvesting.

IV. RESULTS AND DISCUSSIONS

To understand the contribution of individual
parameters, each thematic layer is analysed
separately before integrating the final suitability
map.

a) Drainage Density Map

The drainage density map derived from DEM in Fig 2.
shows spatial variation reflecting differences in surface
runoff behaviour across the study area. The areas
categorised by low drainage density indicate wider
spacing between drainage channels, suggesting slower
runoff movement and greater opportunity for rainwater
to remain on the surface for infiltration. Therefore, these
zones are more favourable for rainwater harvesting. The
regions exhibiting high drainage density represent
closely spaced drainage networks, which facilitate rapid
runoff and limit water retention therefore making the area
comparatively less suitable for rainwater harvesting. The
pattern observed in the map indicates that drainage
density plays a significant role in controlling the
rainwater harvesting potential by influencing runoff
concentration and infiltration capacity (Waghaye et
al.,2023).
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Fig. 1 Drainage Density Map
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b) Slope Map

The slope map in Fig 3 shows how land surface varies
across the study area and helps in understanding the
movement of rainwater after the rainfall events. Slope is an
important terrain factor because it controls the speed of
surface runoff and the amount of time rainwater remains on
the ground, which directly affect the suitability of rainwater
harvesting. The area has been classified into five slope
categories the very gentle slope class represent almost flat
terrain, these areas allow rainwater to accumulate and move
slowly, making them highly suitable for rainwater harvesting.
The gentle slope category also provides favourable condition
as the runoff is limited and can be easily managed. The
moderate slope class indicates slightly inclined terrain where
runoff therefore such areas are moderately suitable and may
require simple run off control measures. In steep and very
steep areas rainwater flows rapidly downward reducing
surface water retention and limiting the effectiveness of
rainwater harvesting (Waghaye et al.,2023)
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Fig. 2 Slope Map

¢) Rainfall Map

The annual rainfall map in Fig 4 was generated using the
Inverse Distance Weighting (IDW) interpolation method. It
shows the spatial variation in mean annual rainfall which is a
very important parameter to determine the rainwater
harvesting potential. Rainfall is the most important input for
rainwater harvesting as it directly determines how much
water can be collected and stored. The study area has been
divided into five rainfall categories ranging from 1,506 to
2,156 mm. Zones with moderate to high rainfall combined
with favourable surface conditions are more suitable for
rainwater harvesting interventions. The spatial pattern
observed in the rainfall map highlights the critical role of the
rainfall in controlling the overall rainwater harvesting
potential when integrated with other thematic layers (Preeti et
al., 2022)
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Fig. 4 Rainfall Map

d) Soil Map
The soil map in Fig 5 shows the distribution of three major
soil types namely Sandy clay loam, loam and clay which
influences the rainwater harvesting potential through its
surface behaviour and water holding capacity. Loam soil
which covers a substantial portion of the study area are
generally favourable for rainwater harvesting as they allow
moderate infiltration while retaining sufficient moisture on
the surface making them suitable for rainwater collection and
storage structures. Sandy clay loam soils also exhibit good
rainwater harvesting potential due to balance texture, which
support surface retention without rapid loss of water. In
contrast the clay dominated areas restrict surface infiltration
which can reduce the effectiveness of rainwater harvesting
system if not properly managed. The distribution of soil types
across the district therefore plays an important role in
controlling surface water retention and suitability for
rainwater harvesting when combined with other factors such
as slope and drainage conditions (Preeti et al., 2022).
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Fig. 5 Soil Map
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e) Land Use/Land Cover Map

The land use land cover in Fig 6 plays important role in
controlling rainwater harvesting suitability by influencing
surface runoff behaviour and the capacity of the land surface
to retain rainfall. In Kamrup Metropolitan district vegetation
forms the largest land cover class it is the most favourable
land cover for rainwater harvesting as vegetative surface
reduces velocity and allow rainwater to remain on the surface
for effective collection and storage. Agricultural land which
covers 6.50% also contributes positively to rainwater
harvesting potential due to relatively permeable surface
condition and limited surface sealing. The built-up area which
covers 40.34 % of the study area shows comparatively lower
suitability for surface-based rainwater harvesting because
impervious surfaces promote rapid runoff. However, these
areas offer considerable potential for rooftop rainwater
harvesting system. The water bodies represent existing
surface storage and therefore do not directly contribute to
rainwater harvesting suitability while sandbars exhibit the
least suitability due to unstable surface condition and low
water retention capacity. Overall, the LULC distribution
indicates that vegetation and agricultural land exert the
strongest positive influence on rainwater harvesting
suitability while build up areas required site specific
harvesting approaches (Preeti et al., 2022).
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Fig. 6 Land Use/Land Cover Map

The final rainwater harvesting suitability map
was obtained by integrating all reclassified thematic
layers through a weighted overlay approach using
expert judgement within a multi-criteria decision
framework. The weighting concept was adopted
from previous rainwater harvesting studies (Fetene
et al., 2025; Abdulrahman et al., 2024, Preeti et al.,
2022). However, the relative importance of each
parameter was adjusted to suit the specific terrain,
rainfall pattern and land surface condition of
Kamrup Metropolitan district. The rainfall was
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assigned the highest weight (35%) due to its direct
control on the volume of harvestable rainwater
followed by slope (25%) which strongly influences
surface runoff behaviour, soil texture was given a
weight of 18% as it affects surface water retention
while drainage density is given 12% which
represent runoff concentration pattern and land use
land cover was assigned 10%, it was assigned a
lower weight as it modifies surface conditions for
rainwater harvesting but does not directly control
rainfall availability or large scale runoff process.
The weighted overlay integration of these
parameters produces a composite suitability index
which was classified into high, moderate and low
rainwater harvesting suitability zone representing
the combined influence of all controlling factors
across the study area.

f) Rainwater Harvesting Suitability Map

The final rainwater harvesting suitability map of Kamrup
Metropolitan district in Fig 7 presents the integrated outcome
of all controlling parameters and classifies the study area into
high, medium and low suitability zones the result indicates
that moderate suitability covers the largest portion of the
district for approximately 519.84 km? and this zone represent
areas where rainfall availability is adequate and surface
condition moderately supports rainwater collection and
retention. High suitability zones cover about 443.25 km? and
are predominantly observed in the eastern, southern and
western parts of the district these areas exhibit a favourable
combination of higher rainfall, gentle slope, suitable soil
texture, lower drainage density and supportive land use/land
cover conditions which collectively enhances water
harvesting potential. In contrast low suitability zone are
limited in extent and are mainly associated with areas having
less favourable conditions such as higher runoff concentration
and restricted surface water retention.
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Fig. 7 Rainwater Harvesting Suitability Map
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The overall distribution of suitability classes highlights the
combined influence of rainfall, terrain characteristics,
drainage behaviour, soil properties and land use patterns on
rainwater harvesting potential. Similar integrated outcome
using GIS based weighted overlay approach have been widely
documented in rainwater harvesting suitability assessments.
Overall, the suitability map provides a clear framework for
identifying priority areas for rainwater harvesting planning
and sustainable water management in Kamrup Metropolitan
district.

V. CONCLUSION

The study shows the applicability of GIS based
multi-criteria  decision analysis to delineate
rainwater harvesting suitability zone in Kamrup
Metropolitan district, Assam. By integrating
rainfall, slope, drainage density, soil type and land
use/ land cover the analysis captured the combined
influence of climatic, topographic and surface
characteristics on rainwater harvesting potential.
The weighted overlay method has synthesized
these parameters into a comprehensive suitability
framework. The results show that most part of the
study area falls under moderate to high suitability
categories areas with gentle slope, favourable soil
conditions, lower drainage density and supportive
land use pattern of a better potential for rainwater
harvesting. High suitability zones indicate location
where rainwater harvesting structures can be
effectively implemented to reduce surface runoff
and improve water availability. Areas classified as
low suitability are mainly affected by higher runoff
and poor surface retention, and therefore may
require  alternative or  site-specific  water
management measures.

Overall, the suitability map provides a practical and
reliable basis for planning rainwater harvesting
interventions in the study area. the findings can
support sustainable water resource management
and assist planners and decision makers in
addressing water scarcity and runoff related
problems.

VI. FUTURE SCOPE

Future studies may improve the reliability of
rainwater harvesting suitability analysis by
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adopting advanced multi-criteria decision-making
techniques such as AHP, fuzzy AHP or Fuzzy
Logic which can help reduce subjectivity in weight
assignment and better represent uncertainty in
decision making (Preeti et al., 2022). The inclusion
of additional hydrological and planning related
parameters such as groundwater depth, lineament
density and proximity to water infrastructure can
further improve the spatial accuracy of suitability
mapping (Ouali et al., 2022). Field verification of
high suitability zone can be used to validate GIS
based model outputs and access on ground
feasibility of proposed interventions (Waghaye et
al., 2023). The adopted GIS based framework can
also be extended to other regions with similar
hydro-climatic conditions to support sustainable
rainwater harvesting planning (Preeti et al., 2022).
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