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1. Introduction

Groundwater resources in large parts of India are under stress from unsustainable use, and
the stress is further compounded by impacts of climate change and rapid population growth,
leading to heightened demand and reduced natural recharge (Gale and Dillon, 2005). In
several high-demand regions, groundwater development has reached a critical threshold,
leading to severe resource depletion and scarcity, with alarming declines in water levels,
disruptions in water supply, saline water intrusion in coastal aquifers, and increased pumping
depths necessitating the construction of deeper and more costly groundwater extraction
structures (Rodell et al., 2009). To tackle the issue of de-saturation of aquifer zones and
consequent deterioration of ground water quality, Managed aquifer recharge (MAR) is being
advocated for building resilience to climate change (Dillon et al., 2009; Ringleb et al., 2016).

MAR involves strategically recharging aquifers with excess surface water through
infrastructures such as check dams, recharge wells, etc. It is a strategy used to combat
groundwater depletion and improve water security for irrigation (Zhang et al., 2020, Alam &
Pavelic 2020, Zheng et al. 2021). This process helps increase groundwater storage during dry
seasons and droughts (Dillon et al 2019 & Zhang et al 2020), supporting irrigation and
mitigating aquifer depletion. The success of MAR depends on having a reliable source of water
to harvest, such as floodwater or treated wastewater (Alam et al., 2025). India, the world’s
largest groundwater user, has long championed MAR initiatives to counteract the adverse
impacts of extensive groundwater use, exemplified by ambitious national Master Plans for
aquifer recharge (CGWB, 2021a). Recent government efforts have evidenced encouraging
results in increased recharge and decrease in number of overexploited units (CGWB, 2025).

In the eastern state of Odisha (Figure 1) importance of groundwater is increasing. Odisha
receives an average annual rainfall of approximately 1452 mm (GoO 2020a), but still a large
portion of the state's agriculture remains rainfed and vulnerable to climatic uncertainties.
Currently, surface water supports nearly 80% of irrigation, however the state possesses
substantial untapped groundwater potential (Mitra et al. 2024). In the last decade, Odisha has
seen increase in groundwater use with overall groundwater development at 46% in 2023
increasing from 28% in 2011. In this context, the strategic development and management of
groundwater resources become increasingly important for managing risks of climate change.
Managed Aquifer Recharge (MAR) presents a promising approach for enhancing groundwater
availability, improving irrigation security, and ensuring sustainable water management for
climate adaptation in Odisha.

Arange of spatial MAR suitability assessments have been carried out globally, most commonly
using GIS-based approach; however, published studies show considerable variability in
selected criteria and weighting schemes, and there is no single standardized protocol (Sallwey
et al., 2019). Recent applications commonly integrate hydrogeological and terrain factors with
decision frameworks (e.g., weighted overlay/AHP-type structures), and in some cases extend
screening with additional feasibility constraints or ranking steps (Rahman et al., 2013; Hani et
al., 2023). Building on this literature, this analysis is used to provide a state-scale, decision-
oriented screening for Odisha that combines suitability of hydrogeology with the practical
context of available supply and demand, so that identified zones are not only physically suitable
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for recharge, but are also aligned with where harvested water is likely to be available and
where irrigation-related groundwater demand is most relevant for climate risk management.

This study carries out a spatial suitability assessment to identify and characterize potential
areas suitable for MAR implementation in Odisha based on suitable hydrogeology along with
available supply and demand situation. It compiles and harmonizes spatial layers describing
recharge feasibility together with indicators of water availability to harvest and the prevailing
groundwater use context and integrates these through a GIS-based framework to delineate
priority MAR zones. The outputs include a spatial suitability map and a characterization of
candidate areas to support planning of MAR interventions, enabling comparison across
districts/blocks and supporting a more targeted, sustainable and equitable approach to
groundwater development in Odisha.

2. Study Area

The state of Odisha (Figure 1a) experiences a subtropical climate, marked by three distinct
seasons: a hot summer from March to June, a monsoon season from June to October, and a
mild winter from November to February. Approximately 85% of the annual rainfall is received
during the southwest monsoon, with July and August recording the highest precipitation.
Rainfall is heaviest in the northeastern coastal region, ranging between 1,271 mm to 1,698
mm. In contrast, a low-rainfall zone extends from Keonjhar in the north to Gopalpur in the
south, passing through Angul and Phulbani. Summers are typically hot, with daytime
temperatures reaching up to 45°C.

The state exhibits a diverse and scenic range of landforms. The southern and central districts—
such as Rayagada, Kalahandi, Phulbani, and Gajapati—feature rugged hilly terrains, while the
northern districts of Sundargarh, Keonjhar, and Mayurbhanj, along with parts of Nawarangpur
in the southwest, are characterized by plateau regions. Major river valleys are defined by gently
undulating plains, and a narrow coastal belt stretches along the Bay of Bengal. Physio-
graphically, the state can be broadly classified into five distinct units: (i) Coastal Plains, (ii)
Northern Uplands, (iii) Erosional Plains of the Mahanadi Valley, (iv) Southwestern Hilly Region,
and (v) Subdued Plateaus.
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Figure 1. (a) Study Area: State of Odisha
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Figure 1. (b) Annual Precipitation among all districts of Odisha

3. Methodology

A GIS-based multi criteria approach (Alam and Pavelic, 2020) has been applied to identify
and map the suitability of MAR, combining hydrogeological, hydrological, environmental, and
socio-economic assessments to ensure effective site selection, design, and implementation.
This approach involves identifying suitable recharge zones using remote sensing and GIS-
based multi-criteria analysis, combining soil and aquifer properties along with the availability
and quality of water available for recharge. This is followed by a brief assessment of
appropriate MAR techniques based on site-specific conditions.

Figure 2 represents an integrated, multi-criteria decision-making approach for MAR site
selection. There are three primary categories used to evaluate MAR suitability:

o Water Supply Suitability: This focuses on whether a reliable water source is available
for recharge. It assesses the quantity of water to ensure its suitability. Key
considerations include the seasonal availability and overall reliability of the source.

¢ In-situ Suitability: This evaluates the physical characteristics for implementing MAR.
It examines the geology, hydrogeology, geomorphology and topography to see if the
hydrogeology can effectively store water. This helps ensure the site is physically
capable of supporting MAR without unintended consequences.

¢ Groundwater (GW) Demand: This analyses the local need for groundwater. It

considers current usage and future demand to determine if MAR is necessary and how
large it should be. This ensures that the project is addressing a real need, such as an
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area with existing water shortages/future demands and/or declining groundwater

levels.
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Figure 2. A framework for the MAR suitability mapping in Odisha.

Table 1 gives the data used for analysis. Each thematic layer was first standardized on a
common suitability scale ranging from 1 (low) to 4 (very high) as mentioned in Table 2, to
ensure comparability across diverse datasets. The standardized criteria were then combined
using a weighted linear overlay approach, where equal weightage was assigned to each layer
to avoid bias toward any single factor. The overall suitability index for each location was
calculated as:

s@y) =] [Rice
i=1

where S(x,y) is the suitability score at pixel (x,y), wi is the weight assigned to the i" layer, and
n is the total number of criteria (here, n=9).

The resulting continuous suitability surface was further classified into four categories—Low,
Moderate, High, and Very High—by rounding off the computed suitability values to the nearest
integer on the standardized scale (1—4). The final MAR suitability map thus represents an
integrated decision layer that accounts for water availability, groundwater stress, and site-
specific physical conditions, providing a systematic and replicable framework for identifying
priority zones for MAR interventions.
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Table 1. Data used in this study.

Data set Sources Derived data

Rainfall IMD Average and seasonal
rainfall, deficit and surplus
rainfall years

SRTM DEM USGS Slope

Land Use/Land Cover Roy et al 2018 Land Use

Geology GSI (www.bhukosh.gsi.in) Geology map

Lineament GSI (www.bhukosh.gsi.in) Lineament density map

GW development stage cGwB GW stage map

GW level CcGwB Water level maps

Data set Sources Derived data ST EUE] Time
resolution period
Rainfall* IMD Average and seasonal 1.0°x 1.0° 1999-
rainfall, deficit and 2020
surplus rainfall years
SRTM DEM USGS Slope 30m 2000
Land Roy et al 2018 Land Use 56m 2015-16
Use/Land
Cover
Geology GSlI Geology map 1:50,000 Static
(www.bhukosh.
gsi.in)
Lineament* GSlI Lineament density map 1:50,000 2012
(www.bhukosh.
gsi.in)
GW Central Ground | GW stage map Block scale 1999-
development | Water Board 2020
stage* (CGWB)
GW level* CGWwWB Water level maps Block scale 1999-
2020
NOTE: *: Prepared thematic layers (all standardized to 30 m x 30 m and reclassified into 4
classes)
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Table 2. Criteria and Justification for Aquifer Recharge Suitability

Supply Average Rainfall (mm) >1200 mm 4 V High Higher rainfall increases recharge potential,
800-1200 mm 3 High while low rainfall limits surplus for recharge.
500-800 mm 2 Moderate
<500 mm 1 Low
Monsoonal rainfall (% of annual = >90 % 4 V High Higher rainfall with greater seasonal and
rainfall) 75-90 % 3 High yearly variability increases runoff, enhancing
60-75 % 2 Moderate recharge potential but also flood risk.
<60 % 1 Low
% Excess rainfall years in the >30 % 4 V High More excess rainfall years increase surplus
last 25 years (> 20 % of 20-30 % 3 High water for recharge but also raise flood risk.
average rainfall) 10-25 % 2 Moderate
<10 % 1 Low
Demand % Deficit 230 % 4 V High The higher the deficit years, the greater the
20 -30 % 3 High need for recharge and irrigation and need to
10 — 20 % 2 Moderate enhance groundwater storage.
<10 % 1 Low
Groundwater demand >80 % 4 V High Higher groundwater development, higher the
(groundwater development) 60 — 80 % 3 High groundwater use (mostly for irrigation)
40 — 60 % 2 Moderate suggests the need to augment groundwater
<40 % 1 Low storage.
In-situ
Groundwater level > 3 mbgl 1 Feasible Post monsoon level > 3 m reflects that
< 3 mbgl 0 Not recharge space if available.
Feasible
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Landuse Bare areas 4 V High Recharge is higher in bare areas and
Cropland & Grass 3 High croplands but reduced in forests and least in
land urban/water bodies due to limited infiltration.
Sparse vegetation/ 2 Moderate
dense Forest
Urban areas/Water 1 Low
bodies

Slope 0-5 degree 4 V High Flatter slopes reduce runoff and enhance
5 - 10 degree 3 High infiltration, making them more suitable for
10 - 20 degree 2 Moderate recharge than steep slopes.
> 20 degree 1 Low

Geology Alluvium 4 V High Recharge is highest in alluvium due to high
Weathered 3 High porosity, moderate in semi-consolidated
Sandstone/Quartzite rocks, and lowest in hard rocks where it
Fractured Granites 2 Moderate depends on weathering and fractures
Gabbro/Volcanic 1 Low
rocks/Unclassified
granites
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4. Results

There are nine thematic layers used to evaluate MAR suitability for Odisha. Each map layer
contributes critical information to assess groundwater recharge potential. A brief interpretation
of each layer is discussed below.

Supply Suitability

Rainfall: Figure 3 illustrates that nearly every district in Odisha is classified as having "Very
High" rainfall suitability, indicating a sufficient supply of water throughout the state. This shows
the water availability for recharge is generally not a constraint.
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Figure 3. Rainfall-Based Suitability for MAR over the Study Area Source: ()

South West monsoon: The spatial distribution of monsoonal rainfall contribution (Figure 4)
demonstrates that most districts are classified as “High” to “Moderately” suitable, with a few
districts displaying “Very High” dependency on monsoon rains. This represents the seasonal
concentration of precipitation, which increases surface runoff and improves recharging
opportunities.
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Figure 4. SW Monsoon Rainfall-Based Suitability for MAR over the Study Area.

Excess Rainfall years: The excess rainfall frequency (Figure 5) varies considerably across
districts, ranging from “Low” to “High” suitability. Some districts, like Cuttack, Dhenkanal,
Keonjhar, and Koraput, are in the "Low" suitability class, meaning there are fewer excess
rainfall years, whereas other districts, like Angul, Bolangir, and Kalahandi, show a high
frequency of excess rainfall years, providing surplus water for recharge. The necessity for
location-specific recharge planning for MAR treatments is highlighted by this diversity.
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Figure 5. Excess Rainfall-Based Suitability for MAR over the Study Area.
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In-situ Suitability

Slope: The slope map (Fig.6) shows its suitability for recharge across Odisha. The areas
highlighted in blue (Very Highly Suitable) and light green (Highly Suitable) indicate flatter
regions with low slopes. These regions are widespread, particularly in the central and coastal
parts of the state. Conversely, the areas with steeper slopes are marked in orange (Moderate
Suitable) and red (Low Suitable). These are concentrated primarily in the central and western
parts of the state, corresponding to the hilly and mountainous terrains. Flatter slopes are crucial
for successful MAR because they allow water to remain on the surface for a longer time,
increasing the opportunity for it to infiltrate into the ground. When the slope is steep, water runs
off quickly, reducing the opportunity time to seep into the soil thus necessitating laned
management interventions such as terracing, contour bunding etc to slow runoff and increase
infiltration time Therefore, areas with low to moderate slopes are considered more favorable
for implementing MAR projects. The widespread presence of flatter regions in Odisha makes
a significant portion of the state highly feasible for recharge development.

80"3(:.00'5 81°S4I.00'E 83"12|.00’E 84”39.00’E 85”4%{‘00'5 87°6I.00’E 88“24;.00'E

23°6.00'N — - 23°6.00'N
22°0.00N — = 22°0.00'N
20°54.00N — —20°54.00'N
19°48.00'N — —19°48.00'N
18°42.00N — —18°42.00N
Legend
I Low Suitable
. [ Moderate Suitable ’
IFACL0NT 100 200 km [ Highly Suitable - 17°36.00N
e —— B Very High Suitable

T T T T T ! T
80°36.00'E 81°54.00'E 83°12.00E 84°30.00'E 85°48.00'E 87°6.00'E 88°24.00'E

Fig.6. Slope-Based Suitability for MAR over the Study Area. (Source: )

Geology: The Geology & Lineament Map (Fig. 7) highlights the diverse hydrogeological
landscape of the state, which directly influences groundwater recharge potential:

e Alluvium/Sand (Green): Found along the eastern coastal belt, particularly in the
Mahanadi River delta, these unconsolidated formations are highly porous with
significant storage and transmission capacity, making them the most favourable zones
for Managed Aquifer Recharge (MAR).

o Fractured Granites/Quartzite: Dominating the central, southern, and western regions,
these consolidated hard rocks generally have low primary porosity but become
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moderately suitable for recharge where fractures and weathered layers are present.
Recharge efforts here are most effective when focused on small-scale interventions
like recharge pits and trenches that enhance infiltration into the shallow fractured
zones.

o Highly Fractured/Weathered Consolidated Rocks: Present in patches across the
northern and western parts of the state, these formations benefit from extensive
fracturing and weathering. The secondary porosity created by these features provides
good pathways for infiltration, making them highly favourable for MAR development
compared to other hard rock settings.

e Unclassified Granites/Volcanic Rocks: Scattered across the state and often
interspersed with fractured granites, these rocks have uncertain recharge potential.
Their suitability depends largely on the degree of weathering and fracturing; in general,
where such features are limited, they are considered to have low recharge suitability.
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Figure 7. Geology-Based Suitability for MAR over the Study Area. (Source:)

LULC: The Land Use and Land Cover (LULC) map (Fig 8) illustrates a diverse land use
pattern across the state. Highly Suitable (light green) and Very Highly Suitable (blue) areas
are widespread, covering most of the state. These regions, likely characterized by
agricultural land and natural vegetation, are conducive to water infiltration. Moderate
Suitable (orange) areas are also extensive, particularly in the central and northern parts of
the state. Low Suitable (red) areas are limited and appear in scattered pockets. These
likely correspond to urban centers or areas with impervious surfaces, which hinder natural
water seepage. LULC patterns significantly influence the effectiveness of Managed Aquifer
Recharge (MAR), making them essential considerations in sustainable water resource
planning. For example, urban landscapes are often dominated by impervious features such
as buildings and paved roads, which hinder natural water infiltration and lead to greater
surface runoff with reduced groundwater recharge potential. Conversely, areas covered
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with crop land and vegetation enhance infiltration processes, thereby supporting
groundwater replenishment (Hammouri et al., 2014; Siddik et al., 2022).
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Figure 8. LULC-Based Suitability for MAR over the Study Area. (Source:)

Groundwater levels: The groundwater levels (Fig. 9) in Odisha vary significantly, with
much of the state having a water table deep enough to be feasible for Managed Aquifer
Recharge (MAR). The map shows the feasibility of recharge based on the depth of the
groundwater table after the monsoon season. Feasible areas (blue): These regions, where
the groundwater table is deeper than 3 meters post-monsoon, are spread across the
central, southern, and western parts of the state. These deep-water levels mean there's
sufficient space in the underground aquifer to store more water, making these areas highly
suitable for recharge. Not Feasible areas (yellow): These areas, where the water table is
shallower than 3 meters post-monsoon, are concentrated in the eastern coastal plains and
north central. A shallow water table means the ground is already saturated with water,
leaving little to no space for additional recharge.
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Figure 9. GWL-Based Suitability for MAR over the Study Area. (Source: )

Demand Suitability

Groundwater abstraction: The groundwater development stage (Fig. 10) in Odisha varies
significantly across the state, indicating different levels of groundwater use and potential for
new development. The map shows the level of groundwater utilization across Odisha.
Low to Moderate Groundwater Use (grey and green): These areas cover a large portion
of the state, particularly in the western and southern regions. A low development stage
signifies that groundwater extraction is well below the available resources, suggesting
these areas have a surplus. These regions "present opportunities for strategic
groundwater development.
High to Very High Groundwater Use (blue and brown): These areas are scattered
across the state, with notable concentrations in the central and northern parts, as well
as along the coast. A high development stage means that groundwater is being utilized
at or near its maximum sustainable limit. These areas require focused attention for
sustainable management including exploring opportunities to implement MAR.
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Figure 10. Groundwater Demand-Based Suitability for UTFI over the Study Area.

Supplemental Irrigation Requirement: Irrigation needs are determined based on the
frequency of deficit rainfall years. The frequency of rainfall deficits varies throughout Odisha,
as seen in Figure 11. The "High" to "Very High" rainfall deficit suitability classes include districts
like Bolangir, Baragarh, Deogarh, and Jharsuguda. These districts frequently experience
shortages that increase water stress and underscore the necessity of more intensive recharge
initiatives. Districts in the "Low" suitability class, on the other hand, such as Baleshwar,
Cuttack, and Dhenkanal, have comparatively lower irrigation because there are fewer deficit
years in these areas.
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Figure 11. Deficit Rainfall-Based Suitability for UTFI over the Study Area.

MAR Suitability Map

Figure 12 gives the MAR suitability map based on the combination of supply, in-situ and
demand suitability. MAR suitability (Figure 12) of Odisha varies significantly across the state.
A substantial portion of the state, approximately 30%, is considered highly to very highly
suitable for MAR, with the remaining 70% being moderate and low suitable. Figure 12 shows
the spatial distribution across the state based on their suitability for MAR, categorized into four
classes:

e Low Suitability (Red): The majority of Odisha, including extensive parts of Koraput,
Malkangiri, Rayagada, Kandhamal, Ganjam, Gajapati, Sundargarh, Deogarh,
Keonjhar, Mayurbhanj, Cuttack, and Khordha, falls under the low suitability zone.
These areas are less favourable for recharge interventions.

o Moderate Suitability (Orange): Pockets within districts such as Kalahandi,
Nabarangpur, parts of Kandhamal, and limited areas in Gajapati and Rayagada exhibit
moderate suitability. These regions offer some recharge opportunities where slope and
fractured rock formations provide localized infiltration potential.

e Highly Suitable (Light Green): Districts like Bargarh, Bolangir, Sonepur, Boudh, and
parts of Angul, Nayagarh, and Sambalpur show highly suitable conditions for MAR. The
combination of agricultural dominance, moderate slopes, and fractured aquifers
enhances recharge prospects in these areas.
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o Very High Suitability (Dark Green): Scattered patches within central and coastal
Odisha, notably in Baleshwar, Bhadrak, Jajpur, Kendrapara, Jagatsinghpur, Puri, and
parts of Cuttack and Nayagarh, fall in the very high suitability category. These zones
benefit from favourable geology, groundwater levels, and rainfall, making them ideal for
recharge interventions.
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Figure 12. Managed Aquifer Recharge (MAR) Suitability Map for Odisha.

Overall, the map indicates that while the majority of Odisha remains in the low suitability
category, however significant recharge potential exists in south-central and northern districts,
where both natural and anthropogenic conditions favor MAR development. This spatial
classification is useful for prioritizing districts for MAR interventions and groundwater
sustainability planning to build resilience and adaptation to climate change.

The Managed Aquifer Recharge (MAR) appropriateness analysis at the district level (Table 3)
shows notable regional variation throughout the state. The percentage values represent the
share of each suitability class (Low, Moderate, High, Very High) with respect to the total
geographical area of each district.

o Districts dominated by Very High Suitability: Several districts show a significant
share of their area as very highly suitable for MAR. These include Bolangir (33.6%),
Kalahandi (33.3%), Khordha (31.6%), Nuapada (17.0%), and Angul (10.4%). Such
districts provide strong opportunities for large-scale MAR implementation owing to
favourable aquifer conditions and groundwater response.
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o Districts with Predominantly High Suitability: Some districts are dominated by high
suitability zones, making them potential hotspots for recharge. Notable examples are
Nabarangpur (80.5%), Koraput (68.5%), Kandhamal (71.9%), Rayagada (57.1%),
Mayurbhanj (47.0%), and Gajapati (39.3%). These districts are particularly promising
for medium- to large-scale MAR interventions.

¢ Districts dominated by Moderate Suitability: A few districts have a noticeable portion
of their area classified under moderate suitability. Rayagada (7.8%), Dhenkanal (3.6%),
and Cuttack (1.1%) are examples where moderate suitability zones exist, often
interspersed with high or low suitability areas, indicating scope for localized recharge
planning.

o Districts with High Share of Low Suitability: Many districts across Odisha are
dominated by low suitability zones. These include Bhadrak (100%), Malkangiri (100%),
Kendrapara (99.6%), Jagatsinghpur (99.5%), Cuttack (92.4%), Jajpur (88.3%),
Keonjhar (87.9%), Puri (86.8%), Ganjam (89.3%), Sundargarh (80.0%), and
Sambalpur (94.2%). In these regions, the scope for MAR development is relatively
limited, and interventions would need to be carefully designed, localized, and small in
scale.

Overall, the results indicate that while certain districts hold large tracts of highly and very highly
suitable land for MAR development, others are constrained by geological and hydrogeological
settings, showing predominance of low suitability areas. This district-level heterogeneity
underscores the need for region-specific recharge strategies rather than a uniform
approach across the state.

Table 3: District-wise distribution of area (%) under different MAR suitability classes in Odisha

District Low Moderate Highly Very high
suitable suitable suitable suitable
Angul 0.00 7.64 10.36
Baleshwar 0.00 18.51 0.00
Baragarh 0.00 1.03 7.59
Bhadrak 0.00 0.00 0.00
Bolangir 0.00 3.38 33.64
Boudh 0.00 0.98 3.35
Cuttack 1.10 6.37 0.11
Deogarh 0.00 2.29 1.86
Dhenkanal 3.62 26.74 0.10
Gajapati 0.00 39.25 5.50
Ganjam 0.00 8.57 2.09
Jagatsinghpu 0.00 0.26 0.26
Jajpur 0.00 5.54 6.12
Jharsuguda 0.00 3.28 1.84
Kalahandi 44.26 0.11 22.37 33.26
Kandhamal 25.86 0.16 71.88 2.1
Kendrapara 0.00 0.36 0.00
Keonjhar 0.80 11.25 0.05
Khordha 58.63 0.00 9.80 31.58
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Koraput 31.53 0.00 68.47 0.00
Malkangiri 0.00 0.00 0.00
Mayurbhanj 0.00 46.98 9.22

Nabarangpur 0.00 _ 0.72

Nayagarh 0.00 4.78 1.41

Nuapada 0.00 3.73 16.97
Puri 0.00 4.29 8.96
Rayagada 7.84 57.14 0.46
Sambalpur 0.00 3.49 2.28
Sonepur 0.00 0.37 3.36
Sundargarh 0.18 19.61 0.18
Grand Total 0.57 23.23 6.53

Type of MAR Interventions

Based on the comprehensive evaluation of Odisha’s hydrogeological, geological, land use,
and topographical features, the following interventions for Managed Aquifer Recharge (MAR)
are recommended (Table 4). These recommendations are tailored to the specific conditions of
different regions within the state to ensure effective and sustainable groundwater
management.

Table 4. Type of recommended MAR interventions for high, moderate and low suitability areas.

1 High to Very Flat topography, Large check dams, Baleshwar,

High alluvial soils, deep recharge ponds, Bhadrak, parts
groundwater table. recharge wells/shafts, of Jajapur, Puri.
injection wells.

2 Moderate Moderate slopes, Smaller check dams, @ Koraput,
fractured rock percolation tanks, Kandhamal,
aquifers, climate- recharge trenches. Mayurbhanj, and
vulnerable. much of the

central and
western regions.
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3 Low Steep slopes, urban Rooftop rainwater Urban centers

areas, impervious harvesting, small and scattered
surfaces, shallow recharge pits. pockets of the
water table. coastal plains.

5. Conclusion and Way Forward

The MAR suitability assessment for Odisha highlights significant potential to enhance
groundwater availability, reduce climate-induced water stress, and support expanded irrigation
in vulnerable districts. By strategically prioritizing high-suitability zones, MAR investments can
strengthen water security for smallholder farmers while reducing pressure on stressed
aquifers. Going forward, integrating MAR into state irrigation planning, MGNREGS structures,
and watershed programmes can accelerate large-scale implementation. Building a real-time
monitoring system, coupled with community-led O&M, will be critical for ensuring long-term
sustainability of groundwater resources. Finally, aligning MAR expansion with climate-resilient
crop planning and renewable-energy-based irrigation offers a robust pathway for Odisha to
build a resilient and productive agricultural future.
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