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Introduction

Snow cover: The extent and Mountain glaciers: Ice loss from Sea ice: For the first time in Ice sheets: Melting
duration of snow cover are melting glaciers increases the risk millennia, the Arctic Ocean will be ice sheets could
declining, so there is less of catastrophic events—such as virtually ice-free in summer as cause sea levels to
water stored in the snow landslides, sudden ice shears and, early as 2035—and the more ice rise by 12 to 20
itself and in the underground in some cases, glacial lake it loses, the more heat it will metres, leading to
aquifers that supply outburst floods—and could be absorb. A warmer Arctic Ocean extensive loss of
ecosystems and people. irreversible. will increase permafrost thaw and low-lying coastal
Diminished spring snow cause the Greenland Ice Sheet to areas around the
cover amplifies warming due melt more quickly, driving world.

to the loss of reflective sea-level rise.

surfaces.
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Permafrost: Extensive permafrost thaw will

increase CO5 and methane emissions from
soils and subsea sediments, propelling
temperatures even higher.

Ice shelves: Thinning ice
shelves can collapse,
creating more icebergs
and accelerating sea-level
rise as the ice sheets melt
into the sea faster.

Graphic design: Ketill Berger, ketill.berger@filmform.no / © WWF Global Arctic Programme



O Pin Valley National Park is a fragile Himalayan ecosystenfacing ecologicalthreats due
to anthropogenicpressureand climate change
O Heavy metal contamination and environmental degradation necessitate urgent

restoration strategies

O Phytoremediation and remote sensingoffer a sustainable, non-invasive approach for
monitoring and restoring ecosystems

O Brassica juncea (Indian mustard) excels in phytoextraction for contamination
remediation.

O Populusspeciesare effectivein phytostabilization, mitigating heavymetal pollution.

O This study explores how phytoremediation techniques,combined with satellite-based

remote sensing,canassessnd restore contaminatedregionswithin the Pin Valley National

Park, Himalayas, India.
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Satellite datasets ECMWEF datasets Himalayan context

ew studies have explored Limited integration of ECMWF Pin Valley's high-altitude ecosy-
mbining phytoremerndiation environmental data for monito- stems and specific challenges are
with satellite data analysis ring ecosystem health in this re- understudied

Metal Contamination Long-Term Trends Ecosystem Changes

Few satellite-based studies on Limited long-termanalysis  Lack of studies integrating
metal contamination for of satelliteand ECMWF vegetation loss and land use
ecosystem restoration datasets in the region case

Advanced ecosystem restoration:
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Phytoremediation

Use plants to detoxify and
restore heavy-metal-
contaminated soil

Objectives
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Remediation Long-term
Monitoring analysis
Track phytoremediation Analvze EGMWF datasets
effectiveness using sat- and sate lits data to io
ellite imagery identify frends

Advanced ecosystem restoration:

D7

Vegetation
assessment
Assess changes in land

cover and health of
restored areas



StudyArea & ThemeArea

Study Area: PinValley NationalPark,HimachalPradeshSpiti Valley, Himalayas India.
O Cold desertecosystenwith extremetemperature$-20°C in winter to 20°C in summer)
5 Low annualprecipitation(~200mm).

D Covers675km?, with elevationgangingfrom 3,200m to 6,000m.

O Diversehabitats Alpine steppeandscrub

O Flora Over100specie®f flowering plants

O Fauna~30 specieof mammalgSnowLeopard,Himalayanlbex) & 150+ bird species
ResearchSignificance

O ClimateChangeStudies Adaptationstrategiesn extremeconditions

O HeavyMetal ContaminationHigh lead,cadmium,andarsenidevelsin specificzones

O Phytoremediatiofrocus EvaluatingBrassicguncea& Populusfor remediation
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Methodology and Workflow

MODIS- TERRA

NDVI, LST Time
senes changes

Time series Habitat
changes (2000 —2023)
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Results & Discussion

Heavy Metal Index

Hydrothermal Index

LEGEND

HEAVY METAL HYDROTHERMAL
INDEX (PIN) INDEX (PIN)
VALUE VALUE

N o.37 9.93
— -1.80 -1.74

Iron Hydroxyl Mineral IndexN

HYDROXYL
INDEX

Heavy Metal Index Analysis

Heavy Metal Index (HMI ):

O Valuesrangefrom -1.80 (low contaminationjo 9.37 (high contamination)

O Redzonesindicateheavymetalhotspotdinked to industrialandanthropogeniactivities
Hydrothermal Index (HI) :

O Rangedrom 1.74to0 9.93, indicatingmoistureavailability andthermalvariations

O Blue areasHigh moisture crucialfor biodiversityconservation

O Low HI areasHigherenvironmentastressimpactingplantgrowthandecosystemesilience
Iron Hydroxyl Mineral Index (IHMI) :

O Valuesrangefrom 0.80to 1.22.

O High IHMI areaslIndicateiron-bearingmineralswhich canneutralizeacidity but mayalsopromote
heavymetalretentionandbioaccumulation

soil propertiesdrainaggratternsandhabitatsuitability.
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Results & Discussion

Iron -Oxide Index (10I) :

Iron-Oxide ‘Inde)':{ (PIN) -,P'IYdrdxidé-Férric-'Oxide':Iﬁ’(&legc (PIN) | I ROCR Index(PIN/) ]

-

O Valuesrangefrom 0.181t0 2.83. o by
O Purpleregions Indicatehighiron oxideconcentrations,

influencingsoil fertility andnutrientavailability.

Hydroxide-Ferric-Oxide Index (HFOI) :
O Valuesrangefrom 0.81to 2.55.
O Bright areasHigh ferric hydroxideconcentrations,

aidingnutrientcycling & reducingheavymetal bocisd] _‘ MotB? SR A2 v P

bioavailability

Legend

Iron-Oxide Hydroxide- Rock

Index (PIN) Ferric- Index(PIN)
5 8- Oxide Index

2.83 0.06

Rock Index (RI): - (PIN) -

~ 0.18 2.55 -0.9
O Valuesrangefrom -0.9 to 0.06. -

0.81

O Higher RI valuesindicatelocalized geologicalformationsinfluencing soil

propertiesdrainaggatternsandhabitatsuitability.
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Results & Discussion
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LST (°C)

LST DayTime (1km)
= LST NightTime (1km)
---- Zero Line
@ High Peak Day (23.0°C)
@ Low Peak Night (-34.0°C)
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Time Series

Seasonal Day-Night Temperature Cycle:
O Daytime LST (red) exhibits regular peaks (~23°C in 2023), while nighttime LST (blue) shows deep troughs, reaching a low of -34°C in 2008.
O This suggests strong seasonal variations, possibly influenced by terrain, vegetation cover, and atmospheric conditions.

Temperature Extremes & Climate Indicators :
O The highest daytime peak (23°C) and lowest nighttime dip (-34°C) indicate extreme temperature fluctuations, which may impact ecosystem
stability, vegetation health, and surface energy balance.

Long -Term Thermal Stability :
O Despite short-term variations, the LST trends remain consistent over decades, reflecting natural climate cyclicity rather than abrupt changes. J
O However, any shifts in peak values over time may hint at climate change impacts or land-use changes. Yy 13;1@
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Results & D

NDVI DayTime

= = NDVI NightTime
Peak Day NDVI (0.07)
Low Night NDVI (-0.08)

- Zero Line
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Diurnal Variation in NDVI: Daytime vs. Nighttime Trends :

O Day-Night NDVI Variability : The NDVI values exhibit minor fluctuations between daytime (solid red) and nighttime (dashed

green), indicating diurnal variations in vegetation reflectance .

O Extreme NDVI Events: The highest daytime NDVI (0.07 in 2012) and the lowest nighttime NDVI (-0.08 in 2016) suggest

significant shifts in vegetation health, possibly linked to seasonal climate changes or land cover modifications .

O Overall Stability : Despite occasional short -term deviations, the general trend of daytime and nighttime NDVI

1357

robust vegetation dynamics over time.

remains consistent over the years, confirming



Results & Discussion

Index Value

@ NDVI Time Series
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Temporal Variation in NDVI and EVI Time Series:

O Seasonal and Inter-Annual Variability : The NDVI (solid orange) and EVI (dashed blue) time series show strong seasonal

fluctuations, indicating cyclic vegetation dynamics influenced by climatic and phenological changes .

O Peak Vegetation Trends: The highest NDVI (0.07) in early 2012 and the highest EVI (0.04) in early 2024 suggest
periods of maximum vegetation activity, possibly linked to favourable environmental conditions or land use improvements .

O EVI vs NDVI Differences : EVI remains lower than NDVI throughout, reflecting E V | ddrsection for
atmospheric and soil background effects, making it more reliable for vegetation health assessment .



Results & Discussion

Annual Mean Time Series (NDVI vs EVI)
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NDVI Time-Series Analysis
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Comparison of Annual Mean NDVI and EVI Trends :
O Vegetation Variability (20007 2023): NDVI and EVI show inter -annual fluctuations, with notable declines in 2009, 2010, and 2019, indicating
possible environmental stress or land-use changes .

G NDVI vs EVI Comparison : NDVI values are generally higher than EVI, reflecting E V | €essitivity to atmospheric corrections and canopy
structure, which is crucial for accurate vegetation monitoring .

O Significant Positive Trends: 2003, 2016, and 2023 exhibit higher NDVI values, suggesting improved vegetation health, p055|bly
favourable climatic conditions or restoration efforts . -



Results & Discussion

Habitat Area Lost over time (2000-2023)

[ Habitat Area
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Habitat Loss Over Time (2000-2023):

O 2000: Habitat loss ~0.12 hectares.

O 2007: Loss doubled to ~0.25 hectares.

O 2010-2022: Rapid increase, reaching ~0.87 hectares by 2022.
O

2023: Further rise to ~1 hectare, marking a 0.13-hectaree increase from 2022.




Results & Discussion

LULC CHANGES

m Waterbody mBuiltUp mAgriculture mBare Soil ®mSwamp Veg ®Forest

Density Plot of Chromium Concentration in Water by Year

03
Year
£02 =
c | 2022
e D 2023
0.1
0.0

Chromium Concentration (mg/L)

Land-Use Land Cover (LULC) Changes

O Forests (44%) dominate the landscape, followed by agriculture (23%), built up areas (11%), waterbodies
(9%), swamp vegetation (8%), and bare soil (5%).

O Urbanization, agriculture, and bare soil expansion may impact biodiversity, water resources, and ecosystem
stability.




Results & Discussion

Heavy Metal Contamination in Water & Sediment

O Brassica juncea effectively accumulates Cd (150 mg/kg) and Pb (200 mg/kg), while
Populus is efficient in absorbing Ni (120 mg/kg) and Cr (180 mg/kg), demonstrating
strong phytoremediation potential.

O Chromium levels in water showed a decline from 2022 to 2023, with peak
concentrations dropping from 3i 4 mg/L to ~2.5 mg/L.

O Severe heavy metal contamination detected in Dhar Devsak, Dhar Lakhang, and
Dhar Sonpet, with Pb (4.171 5.82 mg/L), Cd (0.0911 0.139 mg/L), As (0.641 0.78 mg/L),
Ni (10.1471 14.23 mg/L), and Cr (5.821 8.39 mg/L) posing ecological and health risks.

Heavy Metal Contaminants: (Water 2022)

Chhango Thango

Lead (Pb)

Chhango Thango

\\'E

Dhar Gechang

Dhar Changlung

z ‘Dhar Lakhang

Cadmium (Cd)

B co: Lower Limit (0,010 - 0.0¢1)
[ co: Middie Limit (0.041 - 0.08
[ cd: Medium High (0.06 - 0.074)
[ co- High (0.074 - 0.091)
I co: severe (0.091-0.139)

Dhar Sonpgt
*

Dhar Tegvaldar

Chhango Thango

X
R
@

A% har Gechang

[ As: Midie Lima (0.41 - 0.3
[ As: Medium High (0.54 - 0.64)
[ As: High (0.64 - 0.78)

B ~s: Sovere (0.78 - 1.05)

Chhango Thango

Nickel (Ni)
B ni: Lower Limit (0.32 -4
[ Ni: Middle Limit (3.60
] ni: Medium High (5.83 - g
[ Ni: High (7.75 - 10.14)

Dhar Tegvaldar

I i Severe (10.14 - 14.23)

Chhango Thango

Dhar Changlung
esluganwa

Chromium (Cr)™=
- Cr: Lower Limit (0.85 - 25
[ cr- Miccte Limit (2.50 - 3.8
[ ¢r- Medium High (3.51 - 4.57

] Cr. High (4.57 - 5.91)

B - Severe (5.91-7.78)

Legend
*  Heavy Metals: Water (2022) [ | Pb: Medium High (3.33 - 4.17)

B Po: Lower Limit(0.76 - 2.46) [ Pb: High (4.17 - 5.82)

[ Po: middie Limit (2.46 - 3.33) [Jll Po: Severe (5.82 - 8.39)
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Glacier Loss Map
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Regional Glacier Index
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