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Land Use and Groundwaters
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According to United Nations, about 66% of the world
population projected to live in urban areas by 2050.

54% of the World's Population Now Lives in Cities

% of the population living in urban areas

B 1900 2014 [ 2050
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America America
‘ Source: United Nations

About half of the world’s megacities are
groundwater dependent (Wolf et al. 2006)
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Rapid Growth of Cities & Groundwater Pollution \

Effects on Natural Recharge of Aquifers due to increased
pavements and concrete causing impermeabilization and
ground sealing effect might contribute to decrease in
groundwater recharge

Due to leakage from drainage and, industrial wastage and septic effluents
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EGUSeea 9022 Land Use based impacts on Groundwater Quality
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Link between land use and groundwater has long been recognized but has not been widely translated into integrated policies and practices...

Population growth

» Land use mismanagement leads to degradation of groundwater quality which depends on the type of land use. o

» Overlying landscapes influence the quality of groundwater by discharging excess nutrient and toxic chemicals
that influence the groundwater quality to a greater extent.

» Sharply focused land-use management measures can produce significant groundwater quality and quantity
benefits at relatively modest cost and improving integrated governance will be crucial to ensuring an acceptable
harvest of both food and groundwater from the available land.

Potential Sources of Groundwater Contamination v ST re  industies

NATURAL SOURCES Geo-genic through the geological processes

occurring in the earth’s crust, and Rock-water
interaction
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Landfills and Septic tanks; Agricultural pesticides

SOURCES and fertilizers runoff activities
Image Source: Bodrud-Doza, Md., et al. (2016)
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@Ueenera. 2022 Potential Effects on Urban Groundwater System

( Primary Impact ) «-------- [ Secondary Constraint or threat |

Aquifer over Abstraction

Decline in well yield e WATER SUPPLY Public/Private
Saline intrusion

Induced contamination

Infrastructure development and
Land subsidence ENGINEERING P

maintenance

Excessive Infiltration

A

WATER SUPPLY Public/Private

Rising.water tat_)le ENGINEERING Infrastructurg development and
Aggressive chemicals maintenance

Liquid effluent, sludges and solid

WASTE DISPOSAL
wastes

U WATER SUPPLY Public/Private

Water potability
problems
Quality nuisance effects

Well clogging WASTE DISPOSAL

Liquid effluent, sludges and solid
wastes

Source: Foster et al. 1998
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':' . A //" Political, Legal & Financial Drivers
A Demographic Drivers I I I
1l
Population Growth = = = = = = > Increasing Water & Food Demands Planned Changes - S Deve|0pmentriis';/'jrfifement of GW
Mobility ——=—=—=—= > Increasing loads of waste & wastewater
Socio-Economic Drivers
Urbanization @ =—===== > Shifting land use patterns modify pressures

People’s demands and behavior with

respect to GW ; ;
- = = Intensive Extraction of Groundwater

Economic profitability of GW

Science & Technological Innovation Drivers

) ) Stresses on related environment and
Intensive Pumping  ——=——= ecosystems of GW

High levels of Socio-economic Adaptation with changing conditions

—_—>
developments

Improved technologies for 3

drilling and pumping Systematic Aquifer Exploration Phy5|cal Drivers

Change in the rate GW renewal,

Science assisted technical Water Use, Water treatment & Water reuse Climate Change & resulted variability alterations in availability of freshwater
innovation — systematic approach T sources, and changing water demands
________ > Negative Impacts S Positive Impacts Tl £ BT s e Sea level rise affecting low level coastal
-—-> zones, intrusion of saline water in
aquifers and sudden probabilistic in
nature

Data Source: Margat and Gun (2013)



Groundwater Scenario in India
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By 2025, India’s annual water demand will be

1050 km? which would be mainly for the
production of food grains for the increased
volume of population (Singhal, 2002).

More than 60% of irrigated agriculture

and 85% of drinking water supplies are
dependent on groundwater.

Among 15 nations, India is the largest user
of groundwater in the world and has largest
annual groundwater extraction estimated

7, (2010) of about 251 km?3/year

Semi consolidated /Gondwana Sandstone. Shale (Margat, J. et al., 2013).
and the equivalents % :

s P A

Unconsolidated Sand. Silt. gravels! pebbles jétc' A

Consolidated #Precambran Sandstone Shale %.

and the equivalents / i Extraction rate of groundwater in Delhi,

Haryana, Punjab and Rajasthan is
greater than the rate of replenishment, i.e.,
groundwater development is more than 100

percent.

Metamorphics

Basement Granite Gneisses
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@u 2022 Groundwater Availability in India

Annual Water Availability 1869
Usable Water 1123
Surface Water 690
Ground Water 433

Annual Groundwater Extraction in India

AGRICULTURE (Irrigation) : 89%
DOMESTIC USE : 9%

INDUSTRY : 2%

50% of urban water and 85% of rural domestic water requirements are fulfilled by

ground water.

Sources: Water and Related Statistics, April 2015, Central Water Commission; PRS.
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K/{“}” $ Ghaziabad: GATEWAY OF UTTAR PRADESH, INDIA
/ f ‘ One of the fastest growing suburban districts of western Uttar Pradesh situated in the middle of
the Ganga-Yamuna doab
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e uwerGanga Landuse scenario in Ghaziabad district, western Uttar Pradesh
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873 o NH 58
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. District Bulandshar | & and 159 percent of cropping intensity (Krishi Vigyan Kendra, Ghaziabad). ] -
NCT of DELHI o Agri |
South West Delhi TR grlCU ture
\
B ' \ * Major industrial pockets are Sahibabad industrial estate, Kavi Nagar industrial area, 0@
/ District Gautam Budh Nagar B et Bulandshahr and Meerut industrial road etc. and small units are located in Loni blocks.
m— o —— . !3e5|des. 14,160 small scale industries, 145 are medium and heavy scale production
Legend industries.
_ * About 73% of the heavy based industries includes: Food, sugar and jiggery, soft drinks and
%  Brick Kilns Canal [: BuiltUp . .. .
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‘ g _ o petroleum, chemicals and chemical products, Metal products, machinery tools and parts, 1]
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Forest . ighway University School of Environment Management,
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Source: Survey of India (SOI), Gol (Toposheet No. H43X1/X5/X6/X9/X10)



Groundwater Resource Availability and Extraction
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(in Uttar Pradesh state and Ghaziabad district, 2017)

Current Annual Ground
Ground Water Recharge i
Water Extraction

M S Non-monsoon Annual Annual GW  Net Ground  Stage of
onsoon >eason Season Total Extractable Allocation Water Ground
Total Annual Natural Ground for Domestic  Availability Water
Ground Discharges Water _— Domestic & Use as on for future  Extraction
Irrigation ) Total
Water Resources Industrial 2025 use (%)
Recharge Recharge  Recharge
Recharge from & & g Recharge
. from other from from other
rainfall )
sources rainfall sources
uUP
1892952.6 4584047.
Total 3772717.56 1167315.33 159010.82 6991996.40 459916.69 6532079.71 4089209.58 494837.81 596453.20 2036249.37 70.18
(Ham)
up
Total
(Bem) 37.72 11.67 1.59 18.93 69.92 4.60 65.32 40.89 4.95 45.84 5.96 20.36 70.18
cm
Gzb.
(Ham) 15248.13 9630.54 1078.71 15185.9 41143.30 4114.33 37028.97 35693.32 11837.44 47530.76 17469.88 1339.60 128.36
Gzb.
(Bem) 0.15 0.096 0.017 0.15 0.41 0.041 0.37 0.35 0.118 0.475 0.174 0.013  0.00128
(Mem) (152.48) (96.31) (10.78)  (151.85) (411.43) (41.14) (370.28) (356.93) (118.37) (475.30) (174.69) (13.39) (1.28)

Ham: Hectare meter; Bcm: Billion cubic meters; Mcm: Million cubic meters; 1 Ham = 100000; 1 cubic meter is equal to 0.0001 hectare; 1
Bcm = 100000 hectare meter; 1 Mcm = 100 hectare meters

Source: Dynamic Ground Water Resources of India, 2017



Past study analysis of groundwater chemistry
EGUSea, 2022 within the Ghaziabad district

Study

L. Season
location in
. (Year); No. Reference
Ghaziabad
L. of Samples
district
In the village of .
August Singh et al.
Lutfullapur (2010); n=15 7.74 2,167.6 1,434.33 307.87 138.27 13.19 442.20 129.99 394.00 152.94 0.35 2.94 451.77 0.002 2012
Nawada, Loni T
PRM May .
Regi f Indo- Singh et al.
egton OFInGo™ H011); 7.3 1,803.4 1,198.8  406.6 36.9 75.4 368.1 9.8  264.1 100.6 0.82 5.9 275.4 0.03 &
Gangetic plain 2014
n=250
Bulandshahar
road industrial .
PRM, May; Kumari et al.
area and 7.09 2270 1452 - 158.50 120.50 1033.41 87.48 - - - - - -
n=30 2014
Meerut road
industrial area
Peri-urban and
ban- PRM, M Chabukdh
uroan ,May 7.4 920 771 335 - - - - 370 38.2 0.5 25.2 327 - abulkdhara
industrial (2010); n=22 et al. 2017
clusters
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Groundwater Chemistry

Pre-Monsoon

(May, 2017, 2018) (October, 2017, 2018)

Parameters (16):

pH, EC, TDS, Hardness, Calcium, Magnesium, Sodium,

Potassium, Bicarbonate, Chloride, S

Post-Monsoon

4

ulphate, Fluoride,

Nitrate, Iron, Zinc and Manganese

Methodology Involved

Spot-Specific Apportionment

C (post-monsoon — pre-monsoon)
C (post-monsoon + pre-monsoon)

-1 < NDDI = 1
NDDI = -1 ; Absolute Dilution

NDDI =

NDDI = 1 ; Absolute Accretion

Geo-statistical mapping (Ordinary Kriging)

Spatial Auto-correlation
Moran’s |

Land Use Spectral Indices

Indices:
NDVI, NDSI, NDBI and MNDWI

Relationship of Groundwater Chemistry with Land
Use Spectral Indices

Technique:
Pearson's Correlation Analysis (SPSS v21):
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Groundwater Quality Assessment based on

multiple spectral land use indices

Groundwater Quality Index — Multiple Land Use Spectral Indices
LAND USE SPECTRAL INDICES
Normalized Difference Vegetation
Normalized Difference Dispersal Index (NDDI) Index (NDVI) o
Spot-specific apportion of parameters will be normalized and |
quantified with the NDDI Normalized Difference Built-Up Index
(NDBI)
| | | S 2 i o
. . . Normalized Difference Salinity Index
Accretion/Attrition Dilution (NDSI)
| | |
Modified Normalized Difference R
Geostatistical Interpolation Mapping Water Index (MNDWI) ,
‘5;2’_' wem High : 0.265
C (post-monsoon — pre-monsoon) Correlating the groundwater chemistry with landuse spectral indices

NDDI =
C (post-monsoon + pre-monsoon)

-1 < NDDI > 1

NDDI = -1 ; Absolute Dilution =— NDDI =1 : Absolute Accretion



NDDI based Groundwater Quality Assessment

EG U gg?eer;ablly 202 2 Spot-Specific Apportionment
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NDDI Groundwater Quality Heatmap

EGUeeray 2022 Spot-specific apportion for accretion/dilution effects

Site ID pH EC TDS Hardness Ca Mg Na K HCO3 cl SO4 F NO3 Fe Mn Zn

O 00O NO UL B WN -

N NNNNNRRRPRRRRPRPPRP R R
U D WNREROWLVLWOWNOOOUD WNIERO

26
Mean 0.00 -0.03 -0.08 -0.07 -0.15 -0.07 -0.07 -0.05 0.03 -0.10 -0.08 0.15 0.22 0.39 0.08 0.08

-4.0 Abundant Dilution 05 Slight Dilution 0.0 Slight Accretion 0.5 Abundant Accretion 4 g

Absolute Dilution Towards Dilulion Towasds Accralion Absolute Accretion

.
>

+



NDDI based best fitted semivariogram models in kriging interpolation

EGU g??frﬁab'w 2022 and spatial autocorrelation for groundwater quality
Major Nugget/

Parameter Model Nugget Range Sill Sill Lag Size ME RMSE MSE RMSSE ASE Moran's| Variance ZScore pValue
pH Exponential 0.000 0.220  0.000 0.062 0.032 -0.001 0.013 -0.041 0.961  0.013 0.444 0.033  2.655  0.008
EC Exponential 0.000 0.156  0.004 0.026 0.013 -0.002 0.056  -0.032 1.037  0.054 0.495 0.031  3.064  0.002
TDS Spherical 0.000 0.127  0.025 0.000 0.014 -0.001 0.113 -0.014 0974  0.121 0.494 0.030  3.068  0.002
Hardness Exponential 0.005 0.095  0.009 0.536 0.012 0.005 0.103 0.050 1.060  0.097 -0.06 0.026  -0.126  0.900
Ca* Exponential 0.011 0.320  0.047 0.246 0.030 -0.001 0.177 -0.006 1.057  0.169 0.279 0.029  1.865  0.062
Mg Exponential 0.014 0.247  0.023 0.582 0.021 0.003 0.148 0.017 1.032  0.143 -0.072 0.030  -0.183  0.855
Na* Exponential 0.024 0.434  0.073 0.333 0.036 -0.009 0.189 -0.035 0.909  0.212 0.390 0.029 2505  0.012
K* Circular 0.035 0.444  0.035 1.000 0.037 -0.001 0.193 -0.002 0.998  0.193 -0.157 0.028  -0.702  0.483
HCO; Exponential 0.002 0.196  0.004 0.399 0.018 0.000 0.064  -0.010 1121 0.056 -0.254 0.030  -1.240  0.215
cr Exponential 0.000 0.125  0.108 0.000 0.010 -0.005 0.313 -0.014 1.038  0.293 -0.083 0.028 -0.260  0.795
50, Exponential 0.000 0.139  0.058 0.000 0.012 -0.001 0.204  -0.005 0.986  0.209 -0.134 0.027 -0.567  0.571
F Stable 0.025 0.444  0.026 0.970 0.037 0.010 0.171 0.059 1.030  0.166 0.193 0.030  1.345  0.179
NO;’ Circular 0.000 0.118  0.125 0.000 0.015 0.000 0.310  -0.002 1112 0.257 0.168 0.027 1277  0.202
Fe Exponential 0.098 0.304  0.237 0.415 0.025 0.006 0.393 0.019 0.945  0.420 0.208 0.032  1.384  0.166
Mn Exponential 0.026 0.095  0.095 0.276 0.012 -0.015 0316  -0.041 1.026  0.307 -0.023 0.030 0101  0.920
Zn Stable 0.135 0.444  0.177 0.761 0.037 0.003 0.420 0.008 1.079  0.387 -0.339 0.030 -1.731  0.083




Groundwater Quality Dispersion (NDDI)

E?;‘:rﬁ"‘d.y 202 2 spatial variability assessment

77°200°E 77°300°E TT°400°E 77°200°E 77°300°E T7°400°E
1 s
N N
¥103 Hindon River Hindon River
1615 . W E W P
oH Absolute a) NDDI pH — b) NDDI EC e
1453 E 3
Accretion
1292 =
113 1 - 0
0969 . =
. g e oz :
0.807 . . 5 ° ° e
5 o° & & 8 81 #
0826 . . - & g & &
.. .. c 8
0484 0 e M ]
L PO 4 : {0 o Y ¢ 0
0 s 4 5 = . —— x>
0161 //fy_?__.r L T S R T 0 + o
d 0 . 1 PR . M .
: . s .e N o .o =
0o o 0691 1036 1382 1727 2012 2418 5 3109 3454 379 ,r_D..
= Model + Binned o Averaged Distance (Degree).h 101 o Yamuna River Yamuna River
>
v-102 0 5 Legend
1691 . -
. EC . Spot Specific NDDI Legend
: o | . | spot Specific NDDI .
1382 . f f f f
. . . = g @ Slight Accretion (SA) L2 g EC L2
. E B A Slight Dilution (SD) 13 8 @ slight Accretion (SA) o
104 . o pH A Slight Dilution (SD)
0 etz e o NDDI D!
87 _o - . ¢ p g e High:0.033 mm High:0.120
) J . .. “ . (2] ) 3 6 12 Kms
0507 ] . s s 5 = 5 a WS Low : -0.030 H Low :-0.185
033 + 5 3 Fa 4 s £ (1]
v P B — G [T =, T | Y B, T3,
o6 L o 77°200°E 77°300°E 77°400°E 77°200°E 77°300°E 77°400°E
. e o o o e s 2 use? - '.:33 taes 3 *  Brick kiln units Canal | Industrial pockets - River ! Forest BuiltUp D Ghaziabad district boundary *  Brick kiln units Canal Industrial pockets - River ! Forest BuiltUp :] Ghaziabad district boundary
= Model + Binned o Averaged Distance (Degree), h-101
0 0 T7°200°E 77°300°E TT°400°E 77°200°E 77°300°E T7°400°E
- s
N
. 4 Hindon River Hindon River
v
a5 . o ¢) NDDI TDS w . d) NDDI Hardness
Upper Ganga Canal Upper Ganga Canal
= TDS =
1148 " ﬁ
1005 . 7
PES a & .
Q
orie & = z z z z
. FER Lo . c 5 \ 2 s g
0574 i FRr— = 31 7 ra 21 ra
. - . (=] ) 2 o ®
0431 et . 35 A N ™
0.287 R H
0144 TG M A Lo '0.5 d = 57
0 0151 0301 0452 0602 0753 0504 1054 1355 1508 1657 ¢ L
= Model + Binned = Averaged Distance (Degres). h-107 z 3
g sy
7 D;!mz g {
—
s= Ha rd ness @® Legend ~ Legend
5674 %
|w] _ | spot specific NDDI - | Spot Specific NDDI .
4965 8 c 5| Tps 3 2 | Hardness g
: . = ¢ g 8 5
426 6 N . o g | @ sightAccretion (SA) = | @ signtAccretion (SA) @
3546 v = A Slight Dilution (SD) A Slight Dilution (SD)
287 PO C e 5 B G o NDDI NDDI
. . . 1.0 e High : 0.264 wm High : 0.006
+ d B .- =1. 12 Kms
1419 i : = B Low - -0.289 B Low ;0231 :
o IE BT L EE BN Absolute ; r . T ; ;
PR [N | FE : 9 _ ~ 77°200°E 77°300°E 77°400°E 77°200°E 77°300°E T7°400°E
0 0123 0258 0387 0515 0644 0rm 0502 1031 116 1269 1417 Dilution ) ’
— Model + Binned = Averaged Distance (Degres). h-107 *  Brick kiln units Canal | Industrial pockets - River i Forest BuiltUp E Ghaziabad district boundary *  Brick kiln units Canal | Industrial pockets - River [ Forest BuiltUp [:] Ghaziabad district boundary



Groundwater Quality Dispersion (NDDI)

EG U E?;‘f,{,ab'w 2 0 2 2 spatial variability assessment

77°200°E T700E 77400°E 77'200°E 77'300°E 77400
¥107 \
pyne . Hindon River Hindon River
q ¢) NDDI Calcium NDDI Magnesi
1646 Ca I cium Absolute ) Upper Ganga Canal ﬂ DD agnesium Upper Ganga Canal
148 . Accretion
128 a
- 1.0
0.914 ‘ * - § z z z z
9 o o © I3
0731 = oo et e Ouned o 2 le 24 — 3
0 ° Y o °0 . o = o B 2 o
0589 Ol ol e E £ L A S
0388 o S— +—— ¥ A h
v . L2 o
018 . . R TP > & 1:_;.?‘?:;
® o7 . : 3 3 3] . Y
0 0327 05853 038 1207 1632 138 2287 2614 294 3287 3594 2 p’
= Model + Binned = fveraged Distance (Degres), h 107 o ‘i
= Yamuna River Yamuna River e
v-101 g
1546 . 0 5 Legend b /.,T
1391 2 v Legend
Magnesium - Spot Specific NDDI g
1236 . — Ca _ | Spot Specific NDDI )
e El ® Z 5lmg a g
1.082 s Slight Accretion (SA) S 2 : Lo
o 24 e ¥ * b4
0827 E é A Slight Dilution (SD) 5 & 0 Slgnt Accreton (S) ‘(.//// 5 8
. - - = A Abundant Dilution (AD) A Sight Diltion (SD)
0773 : 8 % B NDDI
0618 . S : 5 . > s High : 0.168 pm High : 0.0295 , , : .
° e . pe— ms
. * o - - Low : -0.177
oes 5 o6 Q B Low :-0.459
0.308 Sy iz D T S =
. W e . . - . > o (1] T T T 77°200°€ T7°300E 77°400°E
0165 | gt - . F v . Zad -G W - 77°200°E T7°300°E T7°400°E i = — O]
. LR .o P i Tfeer s, 777 *  Brick kiln units Canal | Industrial pockets River Forest Builty, Ghaziabad district bounda
' ' 0 LA P fepe : tod g *  Brick kiln units Canal | Industrial pockets [l River Forest BuiltUp \:I Ghaziabad district boundary P B 2t
0 023 045 063 [ 115 138 161 18 207 23 2853 -
= Model + Binned = fveraged Distance (Degres), h 107
. 0 0 T7°200°E 77°300°E 7T400°E 7T°200°E TT00E 77°400°E
¥ - N T
2334 . = Hindon River Hindon River
. — NDDI ium w i h) NDDI Potassium
== Sodium 5 2 Sodin PS— ) P —
1883 =
Y]
1648 a
1413 )
=) = z Z z
i 1 F £ 5 2
. = ) e 24 L2
+ .0 B + S 21 L2 2 :
. = @ 2 & 8
+ o & ~
- — 1 5 .. -
R CR N D 0.5
0 0395 07 1124 1579 1974 2369 2764 3189 3553 3548 2343
= Model + Binned = fveraged Distance (Degres), h 107 =z
] (o) Yamuna River
B 2
Legend
1 = Legend
1.802
Potassium . o ) Spot Specific NDDI
1691 ] Spot Specific NDDI )
z z
148 ] z ol z 35| @ sightAccretion (SA) g
= 2 @ Abundant Accretion (AA) S ¥ B3
1268 c 27 'S &| A signtDiuton(sD) P
: = §| @ cwnthcusiontsh) ] A Abundant Dilution (MD)
1057 sy o A Slight Dilution (SD) Value
. < igh : 0.
0845 =3 NDDI e High : 0.035 |
hex ) . . e High : 0.338 . - 0 3 6 12 Kms
- g TTUTTETT0 Q 6 12 Kms ow : -
0423 + = ° e S i . '1 0 W Low 1 -0.299
oot > . v ] . I . v Absolute r y + + 77°200E TT300E 77°400°E
o o od P +, 77°200°E 77°300'E 77°400°E 777 —
+ 5 e . e it s et ' *  Brick kiln units Canal [ ] Industrial pockets [l River Forest BuiltUp [__| Ghaziabad district boundary
0 0.404 0.807 1211 1615 2019 2422 2826 323 3633 4037 ) D||ut|0 n *  Brick kiln units Canal | | Industrial pockets - River [ Forest BuiltUp :I Ghaziabad district boundary

= Model + Binned o Averaged Distance (Degree), h 10



General
Assembly

EGU 2022

1.882 -

Bicarbonate

1505 .

1634

1317

1128

0585 o . . o

037 r . . : =)
0188 P . + .

0 0.195 0389
= Model + Binned o Averaged

"
1.029 =

Chloride .

0721 --

0.827

0.824

oe18

1845 2181
Distance (Degree), h-101

% XX

T
———— % 1 % sfis: Te e
0 0.114 0228 8
= Model + Binned o Averaged

.y .
0512

¥-101
4687 -

> Sulphate

3281

2812

2343

1.875

1.408 +

0537 - " 4

Distance (Degree), h 101

0.489 -

0 0.126 0252
= Model + Binned = Averaged

10!
1013 .

*7"Fluoride
0.81

5

126 1.386
Distance (Degree). h-101

0 0.404 0.807
+ Binned o Averaged

1211 1615 2019 2422

3613

4007 4481
Distance (Degree), h-101

Absolute

Accretion

1.0

uol112199y 9)elapoly

© yopaiooy spiemo] S
= | Y SP. 1 pre

uonn|ig spiemo

S
(1)

uonN|Iq 3}eI2PO

-1.0

Absolute
Dilution

T7°200°E
1

Groundwater Quality Dispersion (NDDI)

77°300°E
I

77°400°E
3

\DDI Bicarbonate

Hindon River

Upper Ganga Canal

28°400°N

A Slight Dilution (SD)

NDDI
o High : 0.527

W Low 1 -0.442

z \
5
81
o
8
¥: Riy ¢
‘amuna River A .
Ve
Legend fY >
A
_ | spot Specific NDDI e 2
& | Heos _‘gz
§ @  Siight Accretion (SA) /// R
A Slight Dilution (SD) Z:
NDDI
wm High : 0.0822 M
o 3 6 12 Kms
S Low :-0.0222
T T T
T7°200°E 77°300°E T7°400°E
*  Brick Kiln units Canal !W ] Industrial pockets - River | | Forest BuiltUp I:I Ghaziabad district boundary
7200 300 TT400E
N
Hindon River
1) NDDI Sulphate w I
Upper Ganga Canal
S
£
5
24
]
Legend
Spot Specific NDDI
_ | soa
5| @ AbundantAccretion (AA)
§ @  Sight Accretion (SA)

T

28°500°N

28°400°N

spatial variab

77°200°E 77°300E
) I

ity assessment

Hindon River

j) NDDI Chloride

Yamuna River
Legend
Spot Specific NDDI
Cl
@ Abundant Accretion (AA)
Slight Accretion (SA)
Slight Dilution (SD)
Abundant Dilution (AD)

28°40'0"N
1

L ]
A
A

NDDI
m High : 0.496

. Low :-0.911

Upper Ganga Canal

T
28°50'0°N

T
28°40'0"N

77°200°€ 77300

77°400°E

*  Brick kiln units Canal ”j‘ Industrial pockets - River [ Forest BuiltUp :] Ghaziabad district boundary
7200 77300 TT400E
N
Hindon River

m) NDDI Fluoride

28°50'0"N
L

Yamuna River

o
Legend f«g
Spot Specific NDDI
Fpn pecific -

L]

2
é

28°40'0°N
L

@ slight Accretion (SA)
A Slight Dilution (SD)

NDDI
e High : 0.242

S Low 1 0.0562

Upper Ganga Canal

28°50'0"N

28°40'0"N

T
T7°200°E

*  Brick kiln units Canal [/ 1 Industrial pockets River [
|/ L

T
77°300"E

] Forest

T
T7°400°E

BuiltUp I:I Ghaziabad district boundary

T T
77°200°E 77°300°E

*  Brick kiln units Canal [ | Industrial pockets [l River I Forest

T
77°400°E

BuiltUp I:l Ghaziabad district boundary



Groundwater Quality Dispersion (NDDI)

EG U General 2 02 2 spatial variability assessment

Assembly

77°200°E 77300 77400 g 17300 Trapve
v1g! Hindon River
Hindon River
22t + i
Absolute n) NDDI Nitrate 0) NDDI Iron
79 N t t Upper Ganga Canal
. NItrate Accretion
o . : : 1.0
; i : =
* - . z 3
4405 ‘ . . [=] F3 EE z
o Tt o 21 F3 81 -2
32t . : . ? 3 g8 & S
. R Q
2643 - - . FD.‘
1762 . : . z : +
¥ 5 *.. H ) Ao b=
o881 = B = L— 2]
= T Rt - 98 o
. : wie g b, o
0 0.158 0.317 0475 0633 0792 0.5 1.108 1584 1742 1] Vi e
= Model + Binned 4 Averaged Distance (Degree). h 101 = Yamuna River STnA T
o
y-10! 3 Legend
6347 ~ Spot Specific NDDI
6.252 F e 05 NO3
5557 . . — . @ Abundant Accretion (AA) . z 5
o o] 2| @ sightaccretion (sa) S 2 Lo
4263 . 1 s &
E 5 A Slight Dilution (SD) é & &
4.168 < 7S . < = A Abundant Dilution (AD)
5 v Qi 5 - g 8 (
° L -7 > wom High : 0.876
P S R * 12 Kms
c 8 ool O P by B Low : -0.936
T e e T = T T T
. .. + . % - m T T T T7°200°E 77°300°E T7°400°E
T * v . 77°200°E 77°00E 77°400°E P
. <0 . . e = p i *  Brick kiln units Canal || Industrial pockets I River [ Forest Builtup I:l Ghaziabad district boundary
e n : SSETTo g *  Brick kiln units Canal | | Industrial pockets I River I Forest BuiltUp l:l Ghaziabad district boundary
0 0276 0553 0829 1.106 1382 1658 1935 2m 2488 2764 04 —— S . . . L
= Model + Bined  Averaged Distance (Degree). h10 0.0 2k e risks A4 il LA TTANE
¥-107 Hindon River N Hindon River
6897 . p) NDDI Manganese q) NDDI Zinc W s
6' Upper Ganga Canal Upper Ganga Canal
6198 M n = ’
551 [\
=
4821 %
4132 - -
g =z g
Ly = . . = E_ _2
2755 - . D = { ]
. ° . 0o b o
2066 - - ot ; . 3
. o o O o PR
1377 . * . 3 2 . o ta.
M + ECR #9% . 3 -
nsxs_____.__j_-___._———— + 5 T -+ CrE— oy 0-5
H H . 0 .. Ead ot
. P 9 o Y o 3 o 3Ti.g . A +
0 0.127 0.253 038 0.507 0634 076 0.887 1.014 1141 1.267 1294 = Yamuna River Yamuna River
— Model + Binned = Averaged Distance (Degree). h 101 [=] L d
o egen
v1g! ) .
2443 + = Spot Specific NDDI
2503 Zn 9" Mn
[0} . @ Abundant Accretion (AA) - E z
7 2 F £ 8 o
=58 N 5 ) 5| @ signtAccretion (sA) 15 Le
B : c 5 A Slight Dilution (SD) é 5 '
=
5669 6 A Abundant Dilution (AD)
N =1 NDDI
ar we High : 0.577 5 5 e
3778 - ¢2 — 12 Kms
. K -1.0 Low : -0.351
283 o - T T T
+ . . FLTTRI T : pry e g, o g e 77200 77°300°E 77°400°E
89 . O . G P — - - Absolute 4 : *  Brick kiln units Canal [ Industrial pockets [l River I Forest BuiltUp [:] Ghaziabad district boundary
0825 3 b ) LT g + : *+, . v e . ., . . *  Brick kiln units Canal | | Industrial pockets - River Ig Forest BuiltUp l:l Ghaziabad district boundary
P S oo O 8 A Dilution
0 0.404 0.807 1211 1615 2019 2422 2826 32 3633 4037 4441

= Model * Binned 4+ Averaged Distance (Degree). h 10



General
Assembly

EGU 2022

Land Use Land Cover Mapping (2017)
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Land Use Land Cover
Class Name (Area sq.Km)

I Water Bodies (11.64)

[ | Fallowland/Barrenland (388.309)
[ | River(3.85)
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Path/Row

146/40

Date of Image Acquisition

2017/05/24 (May 2017)

Image Classification Method

Supervised (Maximum
Likelihood Classification)

Overall Accuracy Assessment

89%

Kappa statistics Coefficient

0.835




Spot-specific NDDI values for groundwater parameters

EGUSsemy 2022 and land use spectral indices

NDDI values of Groundwater Parameters Land Use Spectral Indices

Location Name pH EC TDS Hardness Ca Mg Na K HCO3 cl SO4 F NO3 Fe Mn Zn : NDBI NDVI NDSI MNDWI
Balram Nagar -0.023 -0.133 0.055 0.182 0.101 0.281 0.028 -0.174 -0.059 -0.042 -0.168 -0.331 0.707 -0.139 -0.341 -0.960 -0.036 0.146 -0.146 -0.125
Mandaula Village -0.020 -0.073 -0.040 0.055 -0.053 0.169 -0.149 -0.079 0.063 -0.163 -0.150 0.209 -1.000 -0.100 -0.038 -0.200 0.026 0.105 -0.105 -0.161
Pabhi Sadakpur -0.023 -0.122 -0.026 0.025 0.097 -0.067 0.154 -0.075 0.169 -0.010 -0.696 0.293 0.812 0.057 0.063 0.671 0.015 0.085 -0.085 -0.132
Chirodi -0.010 -0.043 -0.426 0.028 -0.045 0.077 -0.104 -0.049 0.101 -0.724 -0.092 0.582 0.728 0.711 0.226 0.045 0.026 0.109 -0.109 -0.167
Jawali -0.010 -0.171 -0.121 -0.019 0.017 -0.067 -0.164 -0.091 0.093 -0.695 -0.118 -0.254 0.614 0.641 0.053 0.132 -0.001 0.132 -0.132 -0.167
Farukhnagar -0.007 -0.056 -0.220 0.039 -0.041 0.148 -0.147 -0.088 0.061 -0.563 1.000 0.341 0.637 0.024 -0.026 -0.176 0.020 0.108 -0.108 -0.164
Didoli -0.002 -0.002 -0.065 -0.012 -0.086 0.041 -0.126 -0.102 0.068 -0.080 -0.007 0.418 0.601 0.685 0.025 -0.412 0.000 0.151 -0.151 -0.176
Niwari Village -0.006 -0.020 -0.077 -0.009 -0.125 0.082 0.511 -0.151 0.073 -0.400 -0.119 -0.091 -1.000 -0.364 0.129 0.056 -0.005 0.127 -0.127 -0.140
Khindora -0.011 -0.013 -0.210 0.022 -0.261 0.270 -0.243 -0.125 0.072 -0.778 -0.094 0.126 0.434 0.741 0.097 0.000 0.015 0.117 -0.117 -0.155
Nekpur 0.031 0.004 0.155 0.022 -0.583 0.356 -0.197 -0.133 0.056 -0.152 -0.165 0.548 0.805 0.533 0.052 0.079 0.027 0.108 -0.108 -0.169
Kakra -0.002 -0.013 0.221 0.006 -0.714 0.298 -0.288 -0.103 0.057 -0.429 0.532 0.796 0.606 0.452 0.029 0.356 -0.031 0.171 -0.171 -0.148
MOF 0.035 -0.054 -0.094 0.040 -0.474 0.264 -0.390 -0.210 0.045 -0.385 -0.090 0.434 0.415 0.963 0.030 0.406 0.012 0.137 -0.137 -0.169
Santpura 0.000 -0.033 0.517 -0.055 -0.250 0.217 -0.031 -0.220 -0.020 -0.250 -0.343 0.194 -1.000 -0.848 0.127 -0.048 -0.035 0.145 -0.145 -0.122
Khanjarpur -0.007 -0.008 -0.171 0.000 -0.178 0.188 -0.083 -0.165 0.070 -0.167 -0.136 0.618 0.637 0.145 0.000 -0.048 -0.064 0.218 -0.218 -0.150
Muradabad 0.013 0.000 0.028 0.021 -0.167 0.170 0.080 0.038 0.059 0.024 0.020 0.082 0.638 0.021 0.135 0.200 0.011 0.146 -0.146 -0.181
Palauta 0.007 -0.085 0.047 -0.386 -0.443 -0.035 0.763 0.086 0.019 -0.174 -0.091 0.361 0.532 0.677 -0.200 0.377 -0.001 0.171 -0.171 -0.190
Sikri Khurd -0.017 0.006 0.024 0.039 -0.169 0.250 -0.486 -0.104 0.048 -0.250 -0.035 0.532 0.797 -0.439 -0.564 0.467 -0.001 0.131 -0.131 -0.155
Kalchhina -0.026 0.062 0.043 -0.088 -0.122 -0.037 0.328 0.446 0.091 0.409 -0.052 0.774 0.620 0.901 -0.185 -0.667 0.002 0.151 -0.151 -0.175
Makraida -0.020 -0.036 -0.523 0.209 0.077 0.344 -0.493 -0.054 0.000 0.000 0.017 -0.035 0.562 0.945 0.164 0.333 0.018 0.129 -0.129 -0.191
Duhai 0.030 -0.010 -0.211 0.017 -0.154 0.158 -0.452 -0.110 0.089 -0.200 -0.074 0.342 0.620 0.672 0.000 0.379 0.025 0.080 -0.080 -0.137
Guldhar 0.044 -0.069 0.150 0.203 -0.071 0.452 -0.512 -0.284 0.000 -0.111 -0.074 0.212 0.581 0.755 -0.036 0.121 -0.009 0.101 -0.101 -0.118
Ghaziabad City 0.022 -0.011 -0.434 0.007 -0.354 0.316 -0.141 -0.476 0.057 0.067 -0.135 0.085 0.696 0.358 -0.590 0.008 -0.040 0.111 -0.111 -0.082
Sadiqpur 0.020 -0.219 -0.370 -0.279 -0.400 -0.233 0.000 0.417 -0.087 -0.453 0.094 0.384 -0.573 0.627 0.043 0.006 0.004 0.123 -0.123 -0.150
Nahal -0.014 0.035 -0.165 0.043 0.021 0.063 -0.329 -0.592 0.095 -0.200 -0.084 0.738 0.410 0.905 0.348 0.391 0.009 0.100 -0.100 -0.139
Surya Nagar 0.008 0.085 -0.052 0.059 0.005 0.129 0.137 -0.039 0.087 0.013 -0.066 0.456 0.657 0.641 0.702 0.759 0.011 0.074 -0.074 -0.108

Vasundara 0.036 -0.026 -0.056 -0.018 -0.231 0.333 0.019 -0.089 0.013 -0.037 0.018 0.544 0.558 0.397 -0.056 -0.111 ~  0.000 0.102 -0.102 -0.123




Land Use Spectral Indices

-~

Normalized Difference Vegetation Index (NDVI) \ /

NDVI measures green vegetation by employing bands that record highest reflectance .
and absorption regions of chlorophyll (Rouse et al., 1973).

NDVI ranges from -1 to +1 and vegetation is typically seen in 0.2 to 0.8 pum.

NIR — Red Band5 — Band 4

NDVl = R T Red ~ Band 5 + Band 4

Normalized Difference Built-Up Index (NDBI)

NDBI highlights urban regions where higher reflectance in SWIR wavelength
compared to NIR wavelength and generally utilized in watershed runoff predictions
and land use planning (Zha et al., 2003).

NIR band ranging from 0.76-0.9 pum and SWIR ranging from 1.55-1.75 pum.

SWIR — NIR _ Band 6 — Band 5

NDBI = S
SWIR + NIR Band 6 + Band 5

~

Normalized Difference Vegetation Index (NDVI) §
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All the Spectral Bands acquired from Landsat 8 OLI (earthexplorer.usgs.gov) (Level 2 ) were calculated in ArcGIS Environment; NIR: Near Infrared; SWIR: Short-wave Infrared



Land Use Spectral Indices

/ Normalized Difference Salinity Index (NDSI) \ Modified Normalized Difference Water Index (MNDWI)
* NDSI is opposite of NDVI (Tuker, 1979) and preferably used to estimate the 7 DRI highlights or:jen \'/;/ater Sl V‘;h”e G EEElTy noi;,e from urban, i
salinization hazards in the northern part of China (Jabbar and Xiaoling, 2008). IR VSN, Sl il MNDWI s e e il e KD O i 2
the usual range for green vegetation.
* Green band ranging from 0.5-0.6 um and SWIR ranging from 1.55-1.75 pm.
e Red — NIR Band 4 — Band 5 7 Ry
- - reen — an — Ddn
Red + NIR Band 4 + Band 5 MNDWI = —
Green + SWIR  Band 3 + Band 6
- - — N Source: Elbeih and El-Zeiny (2018)
c) Noxmalized Diffcénce Sallntzation Tudex (NDSI) - ¢ . d) Modified Normalized Difference Water Index (NDSI) “:

Groundwater Sampling Points (- NDSI ~agend . )
Landuse Groundwater Sampling Points MNDWI
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\: Ghaziabad District

[ ehaziabad District

All the Spectral Bands acquired from Landsat 8 OLI (earthexplorer.usgs.gov) (Level 2 ) were calculated in ArcGIS Environment; NIR: Near Infrared; SWIR: Short-wave Infrared
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« Land use mismanagement is an important factor that must be considered in the degradation of groundwater quality.

» The absolute to moderate accretion was apparent for the parameters like nitrate, fluoride, iron, and zinc in the vicinity of
the densely populated residential areas and industrial pockets. Similarly, dilution within the rest of the parameters showed
a recharging effects of the groundwater.

 Site specific NDDI values were correlated with the site specific land use spectral indices in order to register the influence
within the chemistry of groundwater. However, a significant low correlation (> 0.2) has been found and inter-relationships
of the land use with groundwater quality is found to be moderately affected.

« Furthermore, a strong assessment can be drawn out with more concrete spectral basis in order to track the discharges of
nutrient and toxic chemicals that influence the groundwater quality to a greater extent with respect to anthropogenic
Impacts.

« Land-use management measures can produce significant groundwater quality and quantity benefits at relatively modest
cost and improving integrated governance towards sustainable abstraction and protection of groundwater.
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