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based on their geomorphology, ecology and rheology:
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» The Narmada River meets into the
Arabian Sea in the Gulf of
Khambhat, Bharuch District,
Gujarat.

» The river passes through three
narrow valleys between the
Vindhya scarps (north) and the
Satpura range (south), with the

» The Middle Narmada Basin segment is

flatter compared to the upper basin,
with more open and visible basaltic
land, especially over the 160 km
stretch from Hoshangabad.

» The valley in the western part of the
Narmada Basin has varied slopes due
to hill divisions, contributing to fertile

NL000°00,000C

» The Narmada River originates from
the Narmada Kund, a small reservoir
In Amarkantak, located on the
Amarkantak Plateau in Anuppur
District, Madhya Pradesh, at
coordinates 22°40'0"N 81°45'0"E and
an elevation of 1,048 m.

» Tributarie:
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» Land Use/Cover Classes: The
Narmada Basin includes water,
trees, flooded vegetation, crops,
built areas, bare ground, and

» Land Use/Cover Classes: The major
land use/cover types in the Narmada
Basin include water, trees, flooded
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Land and Soil of Narmada River Basin

June.

1 The Narmada River basin experiences four distinct seasons: 1) Cold
weather, 11) Hot weather, 1i1) South-west monsoon, and i1v) post-monsoon.

1 The cold season with light precipitation runs from November to February.
The hot, dry season begins in March, peaking in May, and lasts until mid-

1 The rainy season, driven by the southwest monsoon, occurs from mid-June
to September. Post-monsoon, a few thunderstorms may occur in October
before the weather turns dry and pleasant for the rest of the year.

Rainfall

dRainfall is heaviest in the
upper hilly and northeastern
plains of the Narmada basin,
gradually decreasing towards
the lower plains in the west,
with some coastal and
southwestern areas receiving
higher precipitation.

dUnderstanding these rainfall
patterns is crucial for
effective  water resource
management and agricultural
planning in the basin.
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Figure 1. Spatial distribution of precipitation (1970 —
2023) Source: IMD gridded data (0.25° X 0.25°)
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dThe Narmada basin
experiences significant
temperature variations, with
mean annual temperatures
ranging from 24.92°C to
27.39°C.

dHigher temperatures are
mainly found in the western
parts of  the basin,
Influencing the local climate
and agricultural practices.

dThese temperature
differences are important to
consider In resource

management strategies.
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Fig. 2 Spatial distribution of temperature (1970 —
2023)

O The annual rainfall in the Narmada basin has shown considerable fluctuations over the years. Some

years experienced significantly higher rainfall, such as 1972, 1975, 1980, 1990, 1994, 2013, and 2016,
where the rainfall exceeded 1400 mm. Conversely, there were years like 1973, 1985, 1987, 2002, 2004,
and 2009 where the annual rainfall was much lower, dropping below 800 mm
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Fig.3 Annual Rainfall for Narmada River Basin
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O Figure 3. illustrates the average annual rainfall for the Narmada River basin over a period from 1970 to
2023. The data is represented in the form of blue bars, with each bar corresponding to the total annual
rainfall in millimetres (mm) for a particular year.

U A red dashed line indicates the overall average annual rainfall for this period, which is 1104.59 mm.

The overall average annual rainfall (1104.59 mm) provides a benchmark for assessing individual years.

U The years 1972, 1980, 1990, 2013, and 2016 stand out as years with exceptionally high rainfall,
significantly surpassing the overall average.
L On the other hand, 2002 and 2009 are notable for having some of the lowest recorded rainfall,
indicating potential drought conditions during those periods.
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O Figure 4. represents the monthly average temperatures for the Narmada River basin from 1970 to 2023. It
shows three sets of data for each month: maximum temperatures (in orange), mean temperatures (in blue),

and minimum temperatures (in light blue).

O The average maximum temperature (39.539°C, red dashed line), the average mean temperature (25.68°C,

Fig. 4 Monthly Average Temperature of Narmada River Basin (1970-2023)

green dashed line), and the average minimum temperature (11.17°C, purple dashed line).
O The minimum temperatures are at their lowest, particularly in January, where they drop close to 10°C.

The maximum temperatures in these months remain below 30°C. The temperatures rise significantly, with

the highest maximum temperatures observed in May, nearing 40°C.
O This indicates that May is typically the hottest month in the basin. Temperatures begin to decrease, with

maximum temperatures falling below 30°C by November and minimum temperatures dropping to around

15°C.
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Fig.5 Land use and Land cover of Narmada river basin

Land Use Land Cover Area (Sq. km) % of Total Area
Category
Tree Cover 16320.09 17.01
Shrubland 2080.93 217
Grassland 15641.39 16.30
Cropland 55150.10 57.47
Built-up 914.21 0.95
Bare/Sparse Vegetation 3617.54 3.77
Permanent Water 2233.22 2.33
Bodies
Herbaceous Wetland 2.22 0.002
Table 1

0 The 2021 land use and land cover analysis of the Narmada River basin shows a predominantly
agricultural landscape, with cropland covering 57.47% of the area. Tree cover is the second largest,
occupying 17.01%, followed by grasslands at 16.30%. Shrubland covers 2.17%, while built-up
areas and bare/sparse vegetation account for 0.95% and 3.77%, respectively. Permanent water
bodies cover 2.33%, and herbaceous wetlands are minimal, occupying just 0.002% of the basin.
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Fig. 6 Spatial distribution of soil type

O The Narmada River basin mainly features
nearly level to very gently sloping areas in the
central and northern regions, ideal for
agriculture.

O In contrast, the southern and eastern edges
have moderately steep to steep slopes, suitable
for plantation agriculture and hydroelectric
projects, with very steep zones requiring
erosion control.

(O Negative NDVI Values: Indicate the
presence of water bodies, such as reservoirs,
and other non-vegetative features.

O Low NDVI Values: Indicate the barren lands
with minimal vegetation cover.

O High NDVI Values: Indicate the richer
vegetation, including deciduous forests,
shrubs, grasslands, or agricultural crops.

O The central parts of the Narmada basin are
predominantly covered by clay loam soils,
ideal for agriculture due to their fertility.

O Loam soils, found in the eastern and
southeastern regions, also support productive
farming with good drainage.

O The northeastern and southwestern extremities
have clay soils, suitable for moisture-loving
crops, while the northwestern and some
northeastern fringes contain sandy clay loam
soils, offering a mix of properties for specific
crops.

O This diverse soil distribution underscores the
basin's agricultural potential.
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Historical

dThe Narmada River basin encompasses early human history,
religious and cultural heritage, strategic importance for historical
kingdoms, and modern socio-economic and environmental
ISsues.

 Archaeological evidence of ancient human settlements, including
stone tools and other artefacts from the Stone Age, has been
found on the banks of the river, indicating the presence of early
hunter-gatherer communities. The region boasts several
architectural marvels, including ancient temples and forts.
Notable examples include the temples at Omkareshwar and
Maheshwar, which are important centres of pilgrimage and
architectural heritage.

diIn recent history, the Narmada River gained international
attention due to the Narmada Bachao Andolan (Save the
Narmada Movement), which protested against the construction of
large dams on the river.

Soclo-cultural

Mythological:
1 The Narmada is mentioned in ancient Indian texts such as the
Mahabharata and the Ramayana. According to the Matsya
Purana, the banks of the Narmada are considered sacred. The
Rewa Khand states that the Narmada was created from Shiva's
perspiration while he was performing penance on Mount Riksha,
making it Shiva's daughter. Another legend speaks of two
teardrops from Brahma's eyes that created the Narmada and the
Son rivers. The river Is also revered for the unique pebbles
known as banalinga, found on its riverbed. These linga-shaped
pebbles are considered the personified form of Shiva.

Religious:

 The Narmada Parikrama is a significant religious pilgrimage
Involving the circumambulation of the river. Pilgrims walk along
the river's banks, visiting numerous temples and holy sites.
Important religious sites along the Narmada include the
Omkareshwar and Maheshwar temples , which draw devotees
from across India.

Significance Of Narmada River Basin And Tourism
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Sidhdheshwar Mahadev temple

Neelkanth Mahadev temple

Fig. 1 Religious sites in the Narmada River Basin

Ecological

1 The Narmada River is ecologically significant for its role In
sustaining biodiversity, providing essential ecosystem services,
and supporting human livelihoods.

dThe basin Is a biodiversity hotspot with the Narmada River
Valley and surrounding uplands home to dry deciduous forests
with species such as Tectona grandis (teak), Diospyros
melanoxylon, and Anogeissus latifolia.

dRiparian zones along the river support moist evergreen forests
with dominant species like Terminalia arjuna and Syzygium
cumini.

dThe region hosts 76 species of mammals and 276 species of
birds. The river supports aquatic life such as fish species, the
critically endangered softshell turtle, and the endangered
Gangetic dolphin.

dThe basin has several conservation areas like the Kanha
National Park, known for its diverse wildlife, including
tigers and various ungulates; Satpura National Park, which
features species like the sloth bear, black buck, and flying
squirrel, Mandla Plant Fossils National Park; which

oreserves fossilised plants dating back millions of years,

providing insights into prehistoric life.

JReserve and Shoolpaneshwar Sanctuary Covers,
supporting a wide range of plant, birds and animal species
typical of the central highland region

Tourism

Panchmarhi Hill station

Maheshwar Ghat

Statue of Unity

Dhuandhar Fall, Bhedaghat

Fig. 2 Numerous Tourism Sites

 Cultural and Religious Tourism: The Narmada River Is a site
of Immense cultural and religious significance. Pilgrimages to
temples and ghats along the river, particularly in cities like
Omkareshwar and Maheshwar, Some notable tourism sites are
depicted in Figure 2.

d Ecotourism: The scenic beauty of the Narmada Valley, with its
lush landscapes and diverse wildlife, promotes ecotourism.
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Birds Species
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1. Introduction O. Conceptual UnderStandlng Nitrogen Surplus Across India at Various Spatio-Temporal Scale
" Nitrogen (N) is essential for agricultural productivity, yet its BN 1970 1980 1990
surplus poses significant environmental risks. Joon % '
" Currently, more than half of the nitrogen applied to croplands
Is lost, resulting in resource wastage, contributing towards N,uipur= Niarvest 25°N
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Increased greenhouse gas emissions and biodiversity loss. N oN N N e R — -
" To properly understand current environmental risks, it is R e R e | 2 =
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= 300 km 6. Results ‘
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/. Conclusion
4. Methodology
© " Specifically, our total agricultural N surplus for India from 1966 to 2014 is 512.16 *+ 36.78
e ; 8, Tg N
el i :] " Overall, the changes from 1966 to 2017 highlight a trend of increasing nutrient surplus
S S M- over the decades, with peaks shifting to higher values and distributions becoming more
— spread out.
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