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About Narmada
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The Narmadaflows through a rift valley, ) ’ “‘“; A .
surroundedy the Vindhyasto the north,the |5 \ 3
Maikalarangeto the eastthe Satpurago the E ‘ - 2]
south,andthe ArabianSeato the west : 7 ‘( o,
It lies at the northern extremity of the o : il
Deccanplateauandcoversmajor portionsof . 7
the statesof Madhya Pradeshand Gujarat, M f '
alongwith smallerpartsof Chhattisgartand
Maharashtra e ’ A
The NarmadaRiver travelsthroughMadhya |5 ™™ ’ 2|
Pradesh(1,077 km), Maharashtra(74 km), [g ©Sues \ :
including alongthe borderbetweenMadhya [~ Sthaican ( 0250 i Z
Pradeshand Maharashtrg39 km), thenthe Dglg;;;a Pded e
borderbetweerMaharashtrandGujarat(74 Ml o -

km), andfinally Gujarat(161km).

Fig.1 Geographical location map

Basin Demography

Geographic Spread:The Narmada River basin spans four Indian states: Chhattisgarh, _ _
Maharashtra, Gujarat, and Madhya Pradesh, each with diverse demographic charac{grigditgial of 41 tributaries)

Chhattisgarh:

U RajNandgaonCovers 86.61 sg. km, with a population exceeding 1.5 million and a gr¢

rate of 17.79%, indicating high population density.

Kabirdham Spans 627.25 sqg. km, showing a significant population growth of 40.71%
reflecting rapid development and increasing density.

Madhya Pradesh:

U Harda Features a population growth rate of 32.88% and a high density of 833.15 peq

per sg. km, highlighting rapid urbanization and resource pressure.
Mandla: Covers a larger area of 4,628.55 sq. km, with a lower population density of
156.86, indicating less demographic pressure.

U Hoshangabadnd EasNimar. Mostly within the basin, these districts are geographically

significant and heavily reliant on basin resources.

Narmada River: Basin-scale features
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The entire stretchof River Narmadacan be primarily divided into threesulzbasins/segmen
basedntheirgeomorphologyecologyandrheology

U UpperNarmadasubbasin a 720km Amarkantako Hoshangabad
U Middle Narmadasubbasin a 485km Hoshangabatb Navagam
U LowerNarmadasubbasin a 145km Navagamnto Gulf of Khambhat

C The basin spreadsbroadly over 40
districts, comprising 27 districts of
Madhya Pradesh,seven districts of

Gujarat, four districts of
Chhattisgarh,and two districts of
Maharashtra

Drainage Map

O Madhya Pradesh :
82071.77 sq. km (89.26%)

BGujrat : 7578.36 sq. km
(8.24%)

O Maharashtra : 1608.48 sq.
km (1.75%)

@ Chhattisgarh : 688.17 sq.
km (0.75%)

Fig.3 Statewise basin area
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The drainagenetwork of the Narmada
River consistsof 19 major tributaries

(Banjar,Barng Beda,Burhner Chotg
Iwvthawa, Dudhi, Ganjal Goi, Hiran,

Karjan, Man, Orsang Shakkar Sher,

Tawa, Tendonj Hatni, Kolar, Uri)
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Fig.4 Narmada basin drainage map

Topography'

U The Narmadabasincomprisesfive well-
\aggefinedphysiographizones

Demographic Insights: The analysis reveals varying levels of dependence on the Na
River across districts, substantial urban population growth, and notable demographig
These insights are crucial for effective planning and sustainable development of the
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Fig.2 Drainage area of the Narmada River with its three segments

Kifts TheUpperHilly Areas

sin. TheUpperPlains

X The Middle Plains
x  TheLowerHilly Areas
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U The highestelevationwithin the basinis
observedto be 1231 m (CartoDEM), as
givenin Table

U The spatial distribution of elevation
In the basin is depicted in Figure
The maximum portion (27.26%) of
the Narmada River basin lies within

i

the elevation zone of 200 m to 300 m.

The mean elevation of the entire
Narmada basin is observed to be
355.60 m

- Elevation (m) Area (sq. km)

% of Total
Area

1 2325.72 2.42

2] 5- 10 145.22 0.15
107 50 1077.61 1.12
50 100 2325.01 2.42
100 -200 11208.4 11.68
B 20010 300 26154.6 27.26
3007 400 19481.9 20.30
B 40010 500 12335.7 12.86
I 500-750 17654.3 18.40
BT 75010 1000 3114.34 3.25
1000 - 1261 136.4 0.14
_ Highest Elevation: 1261 m

Table 1: Elevation zones of the Narmada basin
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Fig. 5 Spatial distribution of elevation zones
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C The annualsedimenioadsof NarmadaRiver vary from 3.32x1(P t to 28.93x1(° t
atvariousgaugingstationsn thebasin
C The sedimentyield at Garudeshwaftdownstreangaugingstation)is 329.24 t km
year! (GuptaandChakrapani2005.
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Fig. 6 Sediment yield in the Narmada basin
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Fig. 7 Volume of sediment erosion in Narmada River stretches,
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AThe upstream reaches show degradation
Arhe midstream and downstream reaches are depositarinated.
Arhese downstream deposition sites could provide possible sediment mining sites.

Fig. 8 Gradation characteristics in Narmada River stretches
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Narmada River Basin: A Comprehensive SuiBasin Analysis
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| ower Narmada River segment

U The Narmada River originates from
the Narmada Kund, a small reservoir
iIn Amarkantak located on the
AmarkantakPlateau imPAnuppur
District, Madhya Pradesh, at
coordinates 221 0 NjO AfNo N§O1nj E
an elevation of 1,048 m.

U Tributarie

A Left Side: Major tributaries include
Halon, BanjarBargi, Shakkar and
Dudhi.

A Right Side: Major tributaries include
Hiran, Shahdol Tendonj andBarna

Major Land Use/Cover Classes:
The Narmada Basin includes water,
trees, flooded vegetation, crops,
built areas, bare ground, and
rangeland (Figure 2).

Paddy Cultivation: Paddy is the
dominant crop in the upper
Narmada River segment due to
heavy rainfall and poor infiltration.
Water Bodies: The "Water" land
use class covers 837.17 sq. km,
iIncluding major water bodies like
BargiDam and Tawa Reservoir in
the Upper Narmada Segment.
Soil Composition: The upper
Narmada River basin has shallow
black soil with high wateholding
capacity, reducing drainage. In
hilltops and plateau regions, these
soils are mixed with red and laterite
solls.

areas in Upper Narmada Basin :
1) Sensitive AreasConstruction of
large damsBargi Dam, Indira Sagar
Dam) impacting flow &ecology.

of Jabalpur (high pollution from city

3) Undisturbed areaUpper Kanha
River & tributaries joining Narmada
(minimal human intervention),
Amarkantakregion with minimal
human settlements.

NL000°00,000C

N.000°00,87-TC

N.000°00,9¢5 1T

U Sensitive/ vulnerable/ undistributed AR

2) Vulnerable areasAreas downstream®

sewage) & Industrial zones along the»
river (paper mills, chemical factories)y
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Fig.2 LULC Map

Water, 837.17
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Crops, 22850.34
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Fig.3 Land use pattern

~ Upper Narmada Basin - Sensitive zones

i(

aaaaa

Fig.4 Sensitive, Vulnerable, and Undisturbed Ar¢
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U The Middle Narmada Basin segment
flatter compared to the upper basin,
with more open and visible basaltic
land, especially over the 160 km
stretch fromHoshangabad

The valley in the western part of the
Narmada Basin has varied slopes du
to hill divisions, contributing to fertile
land.

Major Tributaries:

Left Side:Ganjal Ajnai, Chhota Tawa,

S

N.000°0.870CC
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Legend

Tributaries

—— Minor Tributaries
—— Major Tributaries
=== Main Channel
D Segment Boundary

Kaveri, Kundi, Borad and Gol.
Right Side: KolarDahini, Sukhji,
Man, Uri, Bagh, anddatni.

Land Use/Cover Classes: The major
land use/cover types in the Narmada
Basin include water, trees, flooded
vegetation, crops, built areas, bare
ground, and rangeland (Figure 6).
Agriculture: Wheat is more widely
cultivated than paddy in the middle
crops like Jowar, Maize, Barley, and
Bajra also grown.

Water Bodies: The "Water" LULC
class covers approximately 1,484.83
sg. km, including major reservoirs like
Indira Sagar and Sardar Sarovatr.

U Sensitive/ vulnerable/ undistributed
areas in Upper Narmada Basin :

1.SensitiveAreas Industrial corridors
along the river (e.g. papermills near
Itarsi, chemicalfactoriesnearBarwani
and Hoshangabgd impacting water
qguality, High siltation due to
deforestation  and agricultural
activitiesin the uppercatchmentreas
(e.g., SatpuraRange)

2Vulnerable areas Areas
downstream  of Hoshangabad
(increasedpollution from municipal
sewage) & Handigagricultural

runoff),Encroachmentor agriculture
and settlementsalong the riverbanks
near the Madhya PradeskGujarat
border (e.g., near the Dhar River
confluence)

3.Undisturbed area: Areas with
minimal human intervention around
the Bori Sanctuary.

|4
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Fig.7 Land use pattern
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U The Narmada River meets into the
Arabian Sea in the Gulf of
Khambhat, Bharuch District,
Gujarat.

U The river passes through three
narrow valleys between the
Vindhya scarps (north) and the
Satpuraange (south), with the
southern part of the valley being
generally wider.

N 000 0,+#2.TT

NL000°0.9€51T

U Major Tributaries:

A OrsangHeran Karjan, Tawa and
Dudhi rivers

U Land Use/Cover Classes: The
Narmada Basin includes water,
trees, flooded vegetation, crops,
built areas, bare ground, and
rangeland (Figure 10).

Agriculture in Middle Segment:
Wheat is more widely cultivated
than paddy in the middle Narmada
basin segment.

Water Storage: The lower
Narmada segment has smaller
water storage structures compared
to the upper and middle segments.

U Sensitive/vulnerabledndistributed
areasn UpperNarmadaBasin:
1.Sensitive Areas Downstream of
the SardarSarovarDam (impactson
natural flow regime and ecology,
Industrial zones along the river
(chemical plants near Ankleshway

affectingwaterquality.

2\Vulnerable areas :Areas with
agricultural runoff and potential for
Increased salinity intrusion near
Bharuchcity, River mouth (Gulf of
Khambhat) with significant
ecological changesdue to reduced
freshwater flow, Areas with
moderate encroachment  for
settlements and some industrial
activity near Ankleshwar and
Vadodara

3.Undisturbed areg&hoolpaneshwar
Wildlife Sanctuary, particularly on
the eastern bank (closer to the
Rajpipla Hills).
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Climate, Land And Soil Of Narmada River Basin
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Introduction Trends and Variability Land and Soil of Narmada River Basin
W The Narmada River basin experiencesfour distinct seasonsi) Cold C The annualrainfall in the Narmadabasin has shown considerabléluctuationsover the years Some 7400078 T8000"E y Land Use Land Cover Area (Sq. km) " of Total Area
therii) Hot theriiiy South ¢ di ; yearsexperiencedignificantly higherrainfall, suchas1972 1975 198Q 1990 1994 2013 and2016 |||£ A ] categony
, wea eru) O We_a _e””) Ou_ _We_S monsoonan IV) postmonsoon wheretherainfall exceeded 400mm. Converselytherewereyearslike 1973 1985 1987, 2002 2004 ||[s 3
W The cold seasorwith light precipitationrunsfrom Novemberto February| and2009wheretheannuarainfall wasmuchlower, droppingbelow800mm Tree Cover 16320.09 1701
The hot, dry seasorbeginsin March, peakingin May, andlastsuntil mid- | shrubland 208093 217
Average Annual Rainfall for Narmada River Basin (1970-2023) Grassland 15641.39 16.30
. June ] ] . 1600 === Overall Average Rainfall: 1104.59 mm Leggnd I Cropland 55150.10 57 47
W The rainy seasondriven by the southwesimonsoonoccursfrom mid-Juneg T Buitup o142 095
] 1400 e S i
to SeptemberPostmonsoon,a few thunderstormsmay occur in October S o S| BerelSparse Vegetator 17,54 317
S . > P t Wat 2233.22 2.33
beforetheweatherturnsdry andpleasanfor therestof theyear. o S e bodes
e N - AR TERR TN R T e | B s 740019,0,@ 78°0'0.0"E Herbaceous Wetland 2.22 0.002
1000 4
'g Fig.5Land use and Land cover of Narmada river basin Table 1
; C The 2021 land use and land cover analysis of the Narmada River basin shows a predominang

Rai N fal I 60 - agricultural landscape, with cropland covering 57.47% of the area. Tree cover is the second I
occupying 17.01%, followed by grasslands at 16.30%. Shrubland covers 2.17%, whilg built

4w areas and bare/sparse vegetation account for 0.95% and 3.77%, respectively. Permanent wat
bodies cover 2.33%, and herbaceous wetlands are minimal, occupying just 0.002% of the ba

T~ T T : .
74'%:@.0 "E 76°0'0.0"E ! 78%0'0.0"E 80°0'0.0"E
ad " ¥ L

UJ

¢ Rainfall is heaviestin the SR :
upper hi”y and northeaStern IL’ DI:aag:n::z:l}j;el:r[:is;?tation(l970-2023) > . e *

Legend 200

' _ C The central parts of the Narmadabasin are
E TR e gl g o o o ke o b b B 2By g 48 S o oKy b s 1% 0 T et y predominantly covered by clay loam soils,
RTINS S S WSS SR idealfor agriculturedueto their fertility .

C Loam soils, found in the eastern and
southeastermegions,also supportproductive
farmingwith gooddrainage

C Thenortheastermndsouthwestermextremities
have clay soils, suitable for moistureloving

z.{ Ave
S 171470 -889.79
S 1889.79-1155.88
-
o~

plainsof the Narmadabasin, }
graduallydecreasingowards | = oes
the lower plainsin the west,

with  some coastal and
southwesterrareasreceiving
higherprecipitation

(mm)

Year

Fig.3 Annual Rainfall for Narmada River Basin
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C Figure 3. illustrates the average annual rainfall for the Narmada River basin over a period from 1p
2023. The data is represented in the form of blue bars, with each bar corresponding to the total
rainfall in millimetres(mm) for a particular year.

C A red dashed line indicates the overall average annual rainfall for this period, which is 1104.59 1
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_ _ The overall average annual rainfall (1104.59 mm) provides a benchmark for assessing individuglly|z &x.., ... s theasterrfr o dvelay |
C Understandingtheserainfall C The years 1972, 1980, 1990, 2013, and 2016 stand out as years with exceptionally high rainfall|| £ = s B YT ”O.rl e?fs ermmnges C?” a'”si.” S}’C 2y O?fr.“
patterns IS cruclal for Ei significantly surpassing the overall average. ¢ E%z‘,s 4 i?(')S’SO €rfing a mix Of propertiesior specitc
: S C On the other hand, 2002 and 2009 are notable for having some of the lowest recorded rainfall, b i L e
76°00.0"E N .
effective  water I’_ESOUI’CG ' ' ) o indicating potential drought conditions during those periods. G Th'S. ('jlvergeson dIStI’Ibuj[IOI’] underscoreshe
managemenﬁnd agr|cu|tura| basin'sagriculturalpotential
TR : _ S L S 5 Fig. 6 Spatial distribution of soil type
planningin thebasin Figure 1. Spatial distribution of precipitation (1970 L e e
2023) Source: IMD gridded data (0°2% 0.25) M o Lo Bam G - = Toperrs o e
g C The Narmada River basin mainly features |, | 3 A
nearlylevel to very gently slopingareasin the |s §
Tem peratu re : ______________________ ceqtral and northern regions, ideal for (¢
agriculture
_ . ' _ . H C In contrast, the southernand easternedges V2
C} The Narmada basin 74°00.0"E 76°0'0.0"E 78%00.0”E 80°00.0"E havemoderatelysteepto steepslopes,suitable | &
experiences significant Legend A BB R R R for- p'?ntati_?gl aQFiCU“lter and hydroelectric
. . . :Z [ Narmada River Basin '&; pI‘OjEC S, Wi Very S eep Z0Nnes reql.“r'ng ’ Lei?:adﬂmvermsin .
temperaturevarlatlons, Wlth _§ Mez:l:é:nnualTemperature(l970—2023) ;‘ erOSiOI‘lCOnU‘Ol _E gil(’:ll‘?;e : - g_
mean annual temperatures | %237 3 ——
ranging from 24.92°C to = 23692628
I 26.28 - 27.39 1 1
27.39°C. . | | | Fig. 7 Spatial distribution of slope
. X Fig. 4 Monthly Average Temperature of Narmada River Basin (1970-2023)
C Higher temperatures are s _ _ | % Neiative NDVI Values Indicate the G e
mainly found in the western & C Figure 4. represents the monthly averag(.e temperatures for the Narmada River basin from 1970 tp 2 zﬁr encef waterbodies,suchasreservoirs, —
_ shows three sets of data for each month: maximum temperatures (in orange), mean temperatureff (in BlH8 thernonve - A MajorDams
o St getativdeatures _ -
parts  of the basin, and minimum temperatures (in light blue). C Low NDVI Values Indicatethe barrenlands W =ReRa
inﬂuencing the local climate z N (3 2{| ¢ Theaverage maximum temperature (39.339red dashed line), the average mean temperature (€588 * |\ ith minimal vegetatiorcover
e. m I—) . - . .
andagriculturalpractices B P = green plgshed line), and the average minimum temperaturef’((tlplirple dashed line). C High NDVI Values Indicate the richer 2
s =11 € The minimum temperatures are at their lowest, particularly in January, where they drop clG§e to 1P vegetation, including deciduous forests
C; T_hese | temperature 7HV0.0"E T6°00.0"E 780007 80°0/0.0"E The maximum tgmperatures in these months r.emain beld@. e temperatures rise significantly, Wlth  shrubs ,gra’sslandspr agriculturalcrops ’ . .
differencesare Important to _ S the highest maximum temperatures observed in May, nearf@ 40 Fig.8 Spatial distribution of slope
: : Fig. 2 Spatial distribution of temperature (1970 | C This indicates that May is typically the hottest month in the basin. Temperatures begin to decreage¢, with
consider IN resource 2023 . : T :
) maximum temperatures falling below°8by November and minimum temperatures dropping to arpund

managemerdtrategies 15°C.
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Historical ) ,

C The NarmadaRiver basin encompassegarly human history,
religiousandcultural heritage strategicmportancefor historical
kingdoms, and modern sociceconomic and environmental
Issues

C Archaeologicakvidenceof ancienthumansettlementsincluding
stonetools and other artefactsfrom the Stone Age, has been

found on the banksof the river, indicatingthe presencef early '_..-,#-',.,; L,Z__”i-f*
huntergatherer communities The region boasts several S - SREsC

architectural marvels, including ancient temples and forts.
Notable examplesinclude the temples at Omkareshwarand
Maheshwar,which are important centres of pilgrimage and
architecturaheritage

C In recent history, the Narmada River gained international
attention due to the Narmada Bachao Andolan (Save the
NarmadaVviovement) which protestedagainsthe constructiorof
largedamsontheriver.

Soclo-cultural

Sidhdheshwar Mahadev temple Neelkanth Mahadev temple
I\/Iythologlcal: Fig. 1 Religious sites in the Narmada River Basin
C The Narmada is mentioned in ancient Indian texts such as t _
Mahabharata and the Ramayana. According to the Matsya Ecological
Purana, the banks of the Narmada are considered sacred. The
RewaKhand states that the Narmada was created from Shiva's¢ The NarmadaRiver is ecologically significant for its role in
nerspiration while he was performing penance on M&ukgha sustainingbiodiversity, providing essentialecosystenservices,
making it Shiva's daughter. Another legend speaks of two andsupportinghumanlivelihoods
teardrops from Brahma's eyes that created the Narmada ang tfi®The basin is a biodiversity hotspotwith the NarmadaRiver
Son rivers. The river is also revered for the unique pebbles Valley and surroundinguplandshometo dry deciduousforests
known ashanalingafound on its riverbed. These linghaped with species such as Tectona grandis (teak), Diospyros
pebbles are considered the personified form of Shiva. melanoxylon andAnogeissudatifolia.

o C Riparianzonesalong the river supportmoist evergreerforests
Religious: with dominant specieslike Terminalia arjuna and Syzygium
C The Narmada Parikrama is a significant religious pilgrimage cumini.

Involving the circumambulation of the river. Pilgrims walk along(; The region hosts 76 speciesof mammalsand 276 speciesof
the river's banks, visiting numerous temples and holy sites. birds The river supportsaquaticlife suchas fish speciesthe
Important religious sites along the Narmada include the critically endangeredsoftshell turtle, and the endangered
Omkareshwaand Maheshwar temples , which draw devotees  Gangeticdolphin

from across India.

C The basin has severalconservationareaslike the Kanha
National Park, known for its diverse wildlife, including
tigersandvariousungulates SatpuraNational Park,which
featuresspeciedike the sloth bear,black buck, andflying
squirrel, Mandla Plant Fossils National Park which

oreservedossilised plants dating back millions of years,

orovidinginsightsinto prehistoriclife.

C Reserve and Shoolpaneshwar Sanctuary Covers,
supportinga wide rangeof plant, birds andanimalspecies
typical of the centralhighlandregion

Tourism

Panchmarhi Hill station

Maheshwar Ghat Marble rocks Jabalpur

Statue of Unity Dhuandhar Fall, Bhedaghat

Fig. 2 Numerous Tourism Sites

¢ Cultural and Religious Tourism: The NarmadaRiver is a site
of Immensecultural and religious significance Pilgrimagesto
templesand ghats along the river, particularly in cities like
Omkareshwailand Maheshwar Somenotabletourism sitesare
depictedn Figure?2.

C Ecotourism: The scenicbeautyof the Narmadavalley, with its
lushlandscapeanddiversewildlife, promotesecotourism
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Narmada River: Biodiversity
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Birds Species

Malabar Pied HornbillAnthracocerogoronatus
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Birds species in the Narmada basin
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2. Objectives

ATo develop end-to-end framework to understand the
Implications of ICV on optimal reservoir policies and
Its iImpact on the various utilities of a multipurpose
reservoir.

3. Study Area
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Objective Function

(St - Te)* + (R - Ti)* + (Rp- Tp)? + (R -Tip)? + (HP -
T,)?

T, Target storage (flood control)

R.,- Drinking water release,

T., Drinking water demand

R., - Irrigation water release.

T., - Irrigation water demand

R., - Industrial water release,

T., - Industrial water demand

HP - Hydropower production

T,- Target power (installed capacity is 1450 MW)

4. Methodology

O Adaptation planning for water resource systems is fraught
with significant challenges, arising from uncertainties
associated with diverse climate change scenarios, varying

. model structures, and Internal Climate Variability (ICV).

Owe develop an end-to-end framework to understand the
Implications of ICV on optimal reservoir policies of a

- Mmultipurpose reservoir.

OWwe implemented for the Sardar Sarovar Dam, the lifeline of
the state of Gujarat (also contributing to the other three
states of India), which is crucial for flood control,

_hydroelectric generation and water supply.

OWwe consider the uncertainty in irrigation water demand to

derive optimal reservoir operation policies.

OAssess and improve the dam's reliability, resilience, and
vulnerability in  managing flood control, hydropower
generation, and various water demands under future climate

. scenarios.

O Our results demonstrate that incorporating a wide range of
climate projections can enhance the effectiveness of
reservoir policies despite inherent uncertainties.

Timeseries: Target and optimized storage Performance of optimal policies (reliability, (b)
levels, releases for domestic, irrigation, resiliency, and (c) vulnerability) for flood control,
and industrial water demands and for drinking water, irrigation, industrial water demand,
hydropower production. and hydropower production
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