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ABSTRACT
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biodiversity of river systems, particularly those
subjected to increasing anthropogenic pressure.
This study quantifies and assesses the spatio-
temporal variation in e-flow requirements and
elucidates the primary hydrological and human-
driven determinants across the River Aami basin.
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Riversare undeniably essentia for society to
advance. Infact, all of the world’s ancient civilizations
are found bloomed and perished near river banks,
deltasanda their confluences. Previoudy Rivers were
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the primary supply source of freshwater, started to carry effluent ascitiesgrew. Indicatorslike Pollution and
dammingindicate how rivershave suffered for fast economic and technical advancement. Nowadays mgjority
of riverssuffer from severe organic, inorganic, and/or pathogenic contamination with thelow water flow.
Globally, morethan 2/3rd rivers are severely affected by human interactions and economic and domestic
activities. However, thereisasignificant increase in the quantity and intensity of anthropogenic stressors
endangering thesefunctions. (Giller,2005). The process of urbani sation hasimpacted every natura resource
in its vicinity and its impact upon rivers is identified and defined as “urban stream syndrome” (Walsh et. al.
2005). Human activitieswhich wereidentified as stressor on aquatic environment are: Industrialisation,
Urbanisation, Agricultura and other rurd activitiesand Deforestation.

Conceptual Background

Asignificant portion of the world’s rivers suffers from severe contamination, with a 2016 UNEP report
finding that one-third of river sectionsin LatinAmerica, Africa, and Asaare severdly contaminated by pathogens,
and one-seventh by organic pollutants (UNEP 2016). Thispallutionislargdly driven by untreated wastewater
discharge, asapproximately 80% of wastewater in poor nationsisreleased untreated (UNESCO n.d.). India
exemplifiesthiscrigs, treating only 28% of its urban sawage (CPCB, 2022), resulting in the contamination of
over 80% of itsfreshwater sources, indudingitssacred riverslikethe Gangaand Yamuna(Dey 2015; Haberman
2006, Alley 2002). Traditiona and technocratic thought, which viewed water reaching the ocean aswaste,
ledto excessveremovd of freshwater, causing thedeterioration of mgjor river basins, damagingriver ecology,
and resultinginissueslike oxygen depletion, loss of livelihoods, and seawater intrusionin deltas. Recognizing
thecritical nature of water flow for ecosystem sustai nability, the concept of Environmental Flows (e-flows)
emerged, defined by the 2007 Brisbane Declaration as “the quantity, timing, and quality of water flows required
to sustain freshwater and estuarine ecosystems and the human livelihoods and well-being that depend on
these ecosystems” (International Water Centre, 2007). In India, the Ministry of Environment, Forest, and
Climate Change (M oEFCC) made e-flow mai ntenanceamandatory condition for environmental approva of
river valley projects since 2007-08, with required minimum flows evolving from 10% of minimum flow to
20% of averageflow during thelean season, pluslarger flowsduringthemonsoon (Thakkar, 2012). Furthermore,
ameta-anadysisindicatesalack of attentionin published researchto thebasin-scale, socia, and policy aspects
of e-flows, aswell astherolesof groundwater and e-flowsin maintaining floodplainsand intermittent rivers
(Abera, et.al. 2023). Thisspecific study, focusing on theAmi river basin, employsthe Smakhtinet d. (2007)
methodology, which utilizes “aggregate environmental indicators” to assess how far the river basin has deviated
fromitsnatura state, providing afoundationa approach for evaluating e-flowsin data-scarceregions.

Theindicatorsthat arederived are;

Percentage of natura vegetation remaininginthebasnandinfloodplains.

Presence of rareand endemi ¢ speciesand speci es sensitiveto flow changesinthebasin.
Presence of introduced or exotic species.

Overal| aquatic speciesrichness.

Degreeof flow regulation.

Degreeof flow modification.

TmoO0OwX>

Objectives
Thesefollowing objectives are defined to understand theflow regimeof river Aami and theinfluencing

factorsaffectingitscourseover theground:

»  Todefineenvironmentd flow (e-flow).

»  Todetect congtraintsintheriver flow inthe context of river Ami.

»  Topreparespatia-tempord river regime.

»  Tostudy theimpactsof stressorson flow.
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Data Sources and Methods
A. Thestudy area/ selected river corridor

For the purposes of thisanalys's, thestretch of river Aami has been divided into five segments, from
Rudhauli in Basti to Kauriram in Gorakhpur. These segments are selected on the basis of various
geomorphologica and land use pattern. These segmentsof river are:

S.

Segment/ River Stretch Purpose
No

Segment | . - - .
1. | (origin source of river) from Sikhara Taal to rlvera(r)]rlg)l(gztvc\e/ﬁ;(l)(rg ftg;;;kgirs\galéavgguch IS

diversion of river course from Basti Road

Segment |1 , ) .
starts near MMIT govt. polytechnic college, Road bridge on NH-328A and construction of
2. . . new wide bridge, middle stretch after natural
Balusasan Sant Kabir Nagar to cremation GW sorinas of Belhar kala
shed of Balusasan Ghat spring

Segment |11 , . :
3. from NH-28 Bridge near Kabir Dhuni to Mgjor human Settlgrrg':hggjdor four lane bridge

Tedhiya Baba

Segment |V

Pavement of right bank, railway bridge,

4, from cremation ghat near Kabir temple to dumping of solid waste

railway bridge
Segment V

5. from Bagahaveer baba temple to Ami Road construction is affecting left bank

bridge on NH 24

B. Parameter Selected

The parameters which are selected to analyse the segment flow are vegetation cover, man-made
obstructions, land use pattern, obstaclesin flow, aquatic life conditions, level of sltation and deposition of
solid waste, high bod which responsiblefor eutrophication, factors affecting river flow in alluvia setting,
siltation, dumping of solid waste. These are anaysed on spatial and temporal level to understand what are
factors, responsblefor river flow.

Sample Study on Selected River Corridor and Changeof Land use

For the purpose of thisanalytical study, the Ami river basin has been dividedinto five segments, from
origin a SikharaTaal to confluenceit to river Rapti at Sahgaura, Kauriram. These segmentsare explained
withtheir flow regimeand factorsaffecting them.

Segment |
The segment S-1, located between 27°9° 25" N t0 27°9°14" N latitude and 82°39°8" E t0 82°39°16"

E. longitude, isa445.29 m stretch running from ShikharaTaal of Domariyagan] to the Basti Road cross-
section, situated at an average height of 88 m abovesealevel. Morphologicaly, thisareais part of theflat
Rapti-Ghaghraaluvid plain and the Tarai zone of the Gangaplain near the Himaayanfoothills, characterized
by aluvia depositsof silt, clay, and sand, lacking sand beaches or pebbles. Thisplain-fed river segment,
whichisnear 8-9 smdl ponds, drawsitswater froman ox-bow lake of the Rapti River, smdl rills, gullies, and
crucia underground water springsdueto thehigh water table; the banks are covered with small grassesand
scrubs, and thewater quality issufficient to prevent water hyacinth growth. Intermsof land use, the catchment
arealacksforest cover, whichisimportant for water retention, andisdominated by agricultura fields, fallow
land, and human settlementslike Jakhali, particul arly in the north-eastern part. Theriver and nearby ponds
support loca livelihoods, including fisherman communities, and the farmers successfully harvest cropslike
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paddy in both seasons; however, the pond’s expansion is currently constrained by surrounding settlements
and roads on three sides, and the area hostsreligious gatherings annually for Muharram and Eid, with the
westernriver bank utilized as pastureland.

Figurel: Satelliteimages showing LULC Pettern at segment |

Lat. 27°9'25"N
Long. 82939°8" E

Lat. 27°9'14"N
Long. 82°39°16"E

(Source: Primary Survey)

Segment ||

The S-2river corridor, stretching latitudinally between 26°50°53.8"N and 26°50°43.4"'N and longitudinally
between 83°04°14.6"E and 83°04°30.2"E, is a 524.16 m segment starting near MMIT Govt. Polytechnic
collegeand ending at acremation shed near Kai Mandir Ghat, with an average elevation of $70 \text{ m} $
abovesealevel. Morphologically, theriverbanksare primarily composed of aluvia deposits(silt, clay, and
sand), featuring natural levees, marshy areasdueto excesssilt, and aslight meander visiblefrom theeastern
bridge. Theflow ishighly impacted by man-made obstructions, notably the recent extension road bridgefor
NH 328-Awidening, which has reduced the river’s width by three-quarters. Land use in this corridor is
primarily agricultural, with adjacent rabi crops, and theriver supportsloca fishing, particularly for thevillage
Bdushashan. Thesegment includesreigioussiteslikeaDurgaM aatempleand facessignificant environmental
stress: agricultural practicesreduce soil water retention and increase sediment runoff, leading to murky water
during monsoons, whichisfurther exacerbated by pollution originating fromalocal industrial complex. Efforts
to mitigate pollutionincludethe creation of anew pond, though someresidentsstill utilizetheriver water.
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Figure2: Satelliteimages showing LULC Pattern at segment 11

Lat. 26°50'53.8"N
Long. 83 G"E

| Lot 26°5043.4N
3904'30.2'E

(Source: Primary Survey)
Segment |11

The S-3river corridor isa553.51 m segment of the River Ami, stretching latitudinally between
26°45°30.4"N and 26°45°12.3"N and longitudinally between 83°08’31.6"E and 83°08°28.7"E, starting at
the NH-28 road bridge near Kabir Dhuni and ending at the TedhiyaBabatemplein Maghar, with an average
elevation of 68 m. Morphologically, thislow-lying, middle-basin segment flows straight for about 500 m
before meandering andiseasily waterlogged, appearing marshy even inlate October; itsbanksare composed
of silt, fineclay, and aluvium deposits. Although the deposited khadar plainismostly flat (with spot height
variability of 0.5to 1.30 m, the river’s natural levees have been occupied by farmers, and construction debris
(bouldersand cement blocks) isvisible near the bridge during the pre-monsoon lean course. Theland useis
primarily agricultural on the Ami’s low-lying floodplain, where fields remain submerged until late October,
forcingfarmerstolimit cultivation to asingle crop season. TheMaghar district road, built onariverbank cliff,
actsasasgnificant artificial obstruction, dtering sediment deposition and flow speed, animpact exacerbated
by the compl ete absence of forest cover withinal km. radius, whichleadsto soil erosion and murky water
during monsoons, followed by hyacinth growth post-monsoon. Local activitiesincludefishing during wetter
periods and the presence of amango orchard south of the Maghar road.

Figure3: Satelliteimages showing LULC Patternat segment 111

""-‘
W Lot 26%4530.4'N

Long. 83°08'31.6"E
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(Source: Primary Survey)

Segment 1V

The S-4river corridor, spanning 664.15 m between the cremation ghat near Kabir templeand arailway
bridge, stretches latitudinally between 26452 21.7”N and 26452 04.0”N and longitudinally between
83082 18.0”E and 83082 19.1”E, with an average elevation of 67 m. Morphologically, this segment lies
within ameander loop, featuringa280.52 m meander neck, ariver cliff 0.9 mhigher than thedip-off dope,
and banks composed of silt, clay, and aluvium deposits. Whilenatural leveesare poorly developed in the
upper section dueto agricultural interference, a2.1 mhigh natural leveeexistson thelower right bank, and
significant silt depositsarevisiblein theriverbed downstream of the old Maghar road bridge. The adjacent
flood plainisgenerally festurel ess, with contour variations between 66.5 mand 71.3 m. Land useis mixed,
with about one-third dedi cated to non-agricultural uses: the right bank features the semi-urban settlement of
Maghar nagar panchayat, concrete pavements, and 117.86 m of ghats near Kabir Sthan, which serveasa
dhobi ghat and host religious and social eventslike the Maghar Mahotsav, Kabir Mela, and acremation
ground, whiletheleft bank isprimarily agriculturd, limited to rabi cropsdueto monsoon flooding. Theriver
suffersfrom pollution dueto waste disposal near the old bridge, causing siltation, and agriculturd land onthe
western sideisincreasingly threatened by built-up expansion near NH-28.

Figure4: Satelliteimages showing LULC Pettern at ssgment IV

Lat. 26°4511.7"N FESe-
Lone. 83°08'18.0"E |

Lat. 26°45'04.0"N
Long. 83°08'19.1"E

(Source: Primary Survey)
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Segment V
The S-5river corridor stretches over 1052 m latitudinally between 26°33°22.9"N and 26°32°40.1"N
and longitudinally between 83°25°04.8"E and 83°24°44.6"E, starting at the Baghaveer Baba temple in Kauriram
and ending at the NH-24 road bridge wheretheriver turnsleft towards Sohgauravillage, maintaining an
averagedevationof 75m. Morphologicaly, thissegment featuresavast, featurd essflood plain, jointly deposited
by the River Ami and River Rapti, extending 2 to 3km from both bankswith alow contour gradient and spot
heightsranging from 73.7 to 77.9 m. The banks are composed of silt, clay, reh, kallar, sand, and alluvium,
and theriver formstwo meander loopsbeforethetemple, withless prominent natural leveesvaryingin height
from 0.9 mto 2 m, and visible patches of shoa and river bars near the eastward turn. The land useis
dominated by thisflood plain, which issubmerged during the monsoon and post-monsoon periodsduetoits
shallow basin and backflow from the River Rapti, limiting farmersto winter cropslikewheat and mustard,
whichyieldwell after the water recedes. Non-agricultura land, including human settlementslike Kauriram,
Jagdishpur, and Sonbarsa, is concentrated south of theright bank, whiletheland near the Baghaveer Baba
Shivatempleisused for religiousgatheringsand melas. The construction of NH-24 hasartificidly restricted
theriver flow toward itsleft bank, forcing the Ami to follow astraight path for 1 km, and the prolonged
waterlogging preventsforest or orchard growth, with thewestern templeareainstead being utilized for pasture
and animal rearing, where grasses|ike ker maua and barsimh are harvested asfodder; additionaly, fishing
communitiesusethissegment to catch fish and prawnsfor saleaong the NH-24 highway.
Figure5: Satdliteimages showing LULC Pattern at segment IV

Lat. 26°33'22.9"N
Long. 83°25'04.8'E

Lat, 26°32'40.1"N
Long. 83°24'44.6"E

' (SoLlrce. anafy Suvéy)

River ami isaplain-fed river sysem, which primarily rely onrainfal for itscontinuousflow. Thetempord
and spatia distribution of rainfal affectsthe availability of water intheriver basin. Observation and surveys
made frequently in sampling segments. River Ami flowsitsfull inthe month of September and October. Post
monsoon period thereisplenty of weter availableinriver basin. So, it flowsonfull might. During the period of
2013t02019dipinannud rainfal isfound. Theleanriver flow observed inthe monthsof march, April, may
and first week of June. Thishasaffected theAvailability of water intheriver with referencetowater available
inthebasininthemonth of august.
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Avg. monthly distribution of rainfall in river Ami Basin (2021)
S = & o ji \
: —_— d,’/ | il | l IW l:.m""*-x.______._
(Source: IMD annual reports)
Table
Year/District | Siddharth | Basti | Sant Kabir | Gorakhpur | Averageannual rainfall
Nagar Nagar in river Ami basin

2012 1228.4 1008.5 1141.0 1096.3 1118.550
2013 1402.9 1373.6 1115.0 1471.0 1340.625
2014 961.5 928.5 866.5 898.3 913.700
2015 706.8 685.9 608.8 717.3 679.700
2016 719.5 878.4 1182.7 897.6 919.550
2017 1159 908.6 1156.0 1022.5 1061.525
2018 850.8 701.1 536.5 922.5 752.725
2019 989.1 1384.1 1146.6 1318.3 1209.525
2020 1539.4 1910.4 1433.8 1650.6 1633.550
2021 1261.3 1032.7 1244.0 1414.4 1238.100

(Source: IMD annual reports)

Graph

Trends of average annual rainfall in river ami basin (2012-2021)

(Source: IMD annual reports)

After volumeand distribution of rainfdl, the second most prominent factor affectingtheflow of riveris
morphology. Relief-ratio (Rr) isused to measure surface run-off and intensity of erosion anditistheratio
between basinrelief (R) and basin length (L) (Schumm, 1963). For river Ami basinitisfound 0.23 and it
indicates|ow to medium surface run-off, andlow stream power for erosion. Thevaueof basinrdief isfound
24m, whichindicateslow run-off, low sediment trangport capacity and Soreading of river water in neighbouring
villages. Thelow difference between highest and lowest point in basinisshown inthefollowing graph
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Graph

Log Lu

Stream order

STREAM LENGTH (LU) PLOTED AGAINST STREAM NUMBER (NU)
(HORTON'S SECOND LAW)
(Source: Primary Survey)
Ground water level inthisbasinisvery high. It decreasesfrom north- west to south- east directions.
The shallow aguifers of Doomariyangan], Mithwal rangesfrom 1.8 to 3.05 mbgl in pre-monsoon period to
1.05t02.35 mbgl in post monsoon period. Theground water level in Kauriram ranges 6 to 7.08 mbgl during
preand post monsoon period respectively. Thiscondition leadsto water |ogging problem during post monsoon
monthsand hel psinwater availability inriver Ami. Thiscondition of waterlogging helpinaquifer recharge. But
gradud expanson of non-agriculturd land useactivitiesisreducing groundwater recharge surface.

distributional pattern of GW in River Ami basin
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(Source: GIWP report)

Forestland useinthisbasinisonly 1.5%totota areaof river basin. Santha, Belhar kalaand Baghauli
blocks collectively represent 38% of total forest |land usein basin. the bareland isrespons blefor next factor
to affect river flow. Thefactor issiltation, barelandis causing soil erosionand increasing silt load inriver
water. Many river barsarevisibleinriver flow and decreasing the basin depth. Interruptionsarereducing the
river velocity.

LN

" (Source Pr| mary Survey)
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Man-made obstructionslike bridge and roads are posing obstructioninriver flow. Onerailway and 12
road bridgesarebuilt onthissmall tributary of River Rapti. Construction pavement at thebanksof river are
changing meandering nature of river. Thebouldersand construction materialsareleft disregard fully onthe
site. Theseareanchoring silt to build river barsinthe middle of theriver flow. Roads are built on raised
platformsare blocking the drainage system to flow naturally. These obstructionsare creating stagnationin
river water, thenhighlevel of nutrient laden run off are producing aguatic plant growth. Theeutrophicationis
again degrading the water quality of river. These factorsare forming avicious cycle of cause and effect
factors, which areultimately affecting thefreeflow of river Ami. Solid waste disposal near river banksare
further poses greater impact quality of river water and itsflow.

CONCLUSION

TheRiver Ami isaplain-fedriver system that dependson precipitation to run cong stently. Numerous
elements, including asrainfal amount, topography, ground water level, and non-agricultura land useactivities,
influence the basin’s water availability. The post-monsoon months have a plenty of water, and the river reaches
itsmaximum flow between September and October. Low to medium surface runoff and low stream power for
erosion are indicated by the relief-ratio (Rr). Because of the basin’s high groundwater levels, post-monsoon
waterloggingissues arise. Roadsand bridgesbuilt by humans have animpact onriver flow aswell, causing
stagnation and runoff that ishighin nutrients. Thiscauseseutrophication and the proliferation of aquatic plants,
which further deteriorate the river’s water quality.
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