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»What is Remote sensing indices?

Remote sensing indices, also known as Spectral indices, are mathematical formulas that combine
reflectance values from multiple spectral bands to enhance and extract specific information
about the Earth's surface. These indices are used to distinguish different land cover types, monitor
environmental changes, and assess conditions such as vegetation health and soil properties.

»Importance of Indices

Correct atmospheric distortions affecting reflectance
measurements.

Spectral indices are valuable tools for modeling, predicting,
and interpreting surface processes

Reduce background influences, such as soil reflectance
dominating over vegetation signals.
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Water Indices like
NDWI highlight water
bodies by
suppressing other
land features. Since
water absorbs more
energy in the NIR and
SWIR bands, these
are commonly used
in water index
calculations.

A Vegetation Indices
like NDVIlis a
spectral
transformation of
multiple bands that
highlights vegetation
properties & health
for accurate spatial
and temporal
comparisons.

Moisture index like
NDMI is derived from
remote sensing data

to assess and
monitor the moisture
content of
vegetation.

Built-up indices like
NDBI are designed to
highlight and
differentiate built-up
areas (like buildings
and infrastructure)
from other land cover
using spectral
information from
satellite imagery.

Snow indices like
NDSI are designed to
highlight and
differentiate snow-
covered areas from
other land covers
using spectral
information from
satellite imagery.
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»What is NDVI?

Normalized Difference Vegetation Index (NDVI) is a remote sensing method that uses the reflectance of light in the
visible and near-infrared (NIR) wavelengths to determine the amount and health of vegetation in an area.

High reflectance in NIR and high absorption in Red spectrum, these two bands are used to calculate NDVI. So,
following formula gives Normalized Difference Vegetation Index (NDVI).

- NDVI = (NIR = Red) / (NIR + Red)

The NDVI value varies from -1 to 1. Higher the value of NDVI reflects high Near Infrared (NIR), means dense greenery.

)y The Normalized Difference Vegetation Index can be used to:

NDVI of a crop or a plant calculated regularly over periods

of time can reveal Plant health remotely.
aha, * |tcan beused as a drought indicator.

* NDVIis used to estimate crop yields, pasture performance,
and rangeland carrying capacities

r—f e

Dead plant Unhealthy Moderately Very healthy
or object plant healthy plant plant
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»What is NDMI?

Normalized Difference Moisture Index (NDMI) is used to determine the water content of vegetation. This formula
uses shortwave infrared (SWIR) and near infrared (NIR) to capture moisture variations in vegetated areas. NDMI is
applicable in applications that monitor drought and changes in vegetation moisture conditions. NDMI is useful for fire

hazard assessment.

- NDMI = (NIR - SWIR) / (NIR+SWIR)

NDMlI ranges from -1 to 1, with values near -1 indicating water stress and values near +1 suggesting waterlogging.

NDMI INTERPRETATION

-1 --0.8 Bare soil,

-0.8 - -0.6 Almost absent canopy cover,

-0.6 —-0.4 Very low canopy cover,

-0.4--0.2 Low canopy cover, dry or very low canopy cover, wet,

-0.2 - 0 Mid-low canopy cover, high water stress or low canopy cover, low water stress,
0- 0.2 Average canopy cover, high water stress or mid-low canopy cover, low water
stress,

0.2 - 0.4 Mid-high canopy cover, high water stress or average canopy cover, low water
stress,

0.4 - 0.6 High canopy cover, no water stress,

0.6 — 0.8 Very high canopy cover, no water stress,

0.8 — 1 Total canopy cover, no water stress/waterlogging

The Normalized Difference Moisture Index can

be used to:

* Regularly monitor water content in crops,

 Determine field/farm zones with water
stress,

* Improve tree harvest logistics planning,

* Determine the combustibility levels in fire-
prone areas.
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»What is NDWI?
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The NDWI is used to monitor changes related to water content in water bodies. As water bodies strongly absorb light
in visible to infrared electromagnetic spectrum, NDWI uses green and near infrared bands to highlight water bodies.

* NDWI = (Green - NIR) / (Green + NIR)

NDWI values range from -1 to +1, with higher values indicating greater water content. Water bodies have values
above 0.5, while vegetation exhibits much lower values, facilitating differentiation. Built-up areas fall within the

range of 0 to 0.2.

The NDWI values correspond to the
following ranges:

0.2 -1 -Water surface,

*0.0-0.2 - Flooding, humidity,
*-0.3-0.0-Moderate drought, non-
agueous surfaces,

*-1 --0.3-Drought, non-aqueous
surfaces

The Normalized Difference Water Index can be used to:

 Water Resource Management: Monitoring water bodies, droughts,
and conservation.

* Flood Monitoring: Mapping flood-affected areas.

* Agriculture: Assessing crop health and water stress.

* Ecosystem Studies: Tracking wetlands and aquatic health.

* Urban Planning: Managing waterlogging in built-up areas.

* Climate Change Studies: Analyzing long-term water body changes.
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»What is NDBI?

The Normalized Difference Built-up Index (NDBI) uses the NIR and SWIR bands to emphasize manufactured built-up
areas. It is ratio based to mitigate the effects of terrain illumination differences as well as atmospheric effects.

- NDBI = (SWIR - NIR) / (SWIR + NIR)

The Normalize Difference Build-up Indexvalue lies between -1 to +1. Negative value of NDBI represent water
bodies whereas higher value represent build-up areas.

The NDBI values correspond to the
following ranges:

-1 to -0.5 - Water bodies

-0.51t0-0.2 -Dense vegetation

-0.210 0.0 - Sparse vegetation, bare
soil, or mixed land cover

0.0t0 0.2 - Low built-up density
0.2to 0.5 - Moderately built-up areas
0.51to0 1.0 - Highly built-up areas

The Normalized Difference Built-up Index can be used to:

Urban Planning: Analyzes growth, development, and environmental
impact.

Land Use Mapping: Differentiates land cover and tracks changes.
Environmental Monitoring: Evaluates impervious surfaces and heat
islands.

Built-up Area ldentification: Maps urban infrastructure.

Urban Expansion Monitoring: Tracks city growth trends.

Heat Island Assessment: Detects heat-retaining surfaces.
Impervious Surface Extraction: Aids hydrological modeling.
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»What is NDBI?

NDSI is a measure of the relative magnitude of the reflectance difference between visible (green) and shortwave
infrared (SWIR). It is used to detect and map snow-covered areas in satellite imagery.

* NDSI = (Green-SWIR1) / (Green + SWIR1)

The values of snow index are ranged between -1 to +1. Negative values are indicating snow free areas & positive

values are indicating snow covered areas.

Snow Detection Threshold:

NDSI > 0.4 > Generally considered snow
NDSI < 0.4 > Non-snow surfaces (e.g.,
vegetation, soil, water, or clouds)

The Normalized Difference Snow Index can be used to:

Snow cover Detection
Snow Mapping
To discriminate snow and clouds

To accurately detect glacier ice in complex shadowed
terrain

To detect the frozen lake

Glacier mapping
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The elements
Identified in the figure
are:

1. Layers List/

Browser Panel
Toolbars

Map canvas
Status bar
Side Toolbar

Locator bar



THE ENERGY AND
RESOURCES INSTITUTE

ovative Solutions for o Sustainoble Futur

— | Step 1: Once the download is complete, Open the

¥ a

2 » ThisPC » Downloads » LCD9_L2SP_146039_20250130_20250131_02_T1 v @ . G TI FF fl GIS S ft
7 & eo Ie on ortware.
i 1| Organize ~ New folder = v [ @
i : L Add L Add Rater L Add th t
R , ayer > ayer > ater Layers > ese two
Microsoft Copile
P Microsoft Teams b d N I R d d
o : “ ands andare
&=/ Pictures I
marks Presentations LCOO_L25P_14603  LC0O_L25P_14603  LCOO_L2SP_14603 LCO9L25P_14603  LCOO_L2SP_14603 LCO9_LISP_14603  LCO9_L2SP_14603 I
Project 9.20250130_2025  §.20250130_2025 9.20250130_2025  9_20250130_2005  9_20250130_2025 9202501302025  9_20250130_2025 4
(13102 TI_ANG  0131_02.TI_MTLj 013102 T_MTL  G13102.TI_MTL 013102 TI_QAP 0131.02.T1 QAR 013102 TISRB
Proposal san IXEL ADSAT 1 = | |
Reserved) H
ume) PS5 Roy LULC 5
reading material [
B
Research Paper | m
I
Training Module o .
3 B
B | WsGs LGOS L2SP_14603  LCO9_L25P 14609 | LCO9.L2SP 14603  LC09L25P 14603 [|LCO9L2SP 14603  LCDS L2SP 14603  LCOS_L2SP_14603 @ *Untitled Project — QG
920250130 2025 9 202501302025 | 9.20250130 2025 9 202501302025 [[9.20250130.2025 9 202501302025 9 202501302025 J | Proiect Edit View Layer Settings Plugins Vector Raster Databsse Web Meshf [
[ This PC 0131.02TISRB 01310271 SR B 0131 02TISRB 013102TI SR B JO13102TISRE 013102TISRE 013102 TI SR Q 1 = 3 = ; AT -
2 3 4 5 & 7 A_AEROSOL 3 En & " & ) ] 3 [ it a- : < g
30 Objects T Grapnica CIr A G i
I Desktop ‘% fffq A /ﬁ" ] @ MT (1) History... Ctrl+ Alt+H -]
| Documents | | Results Viewer Ctrl+Alt+R
4 Downloads 1 q % E. W Ejl Edit Features In-Place
v W
" ‘t Browser (=]
File name: |"LC09_L25P_146039_20250130_20250131_02_T1_SR_B4" "LC09_L2SP_146039_20250130_20250131_02_T v| All files v MTlozavte
-

e Favorites =

» " Spatial Bookmarks
b [l Home

r O
Close Add Help v [0 DA (System Reserved)
% Zonal statistics ¥ ] EN (Mew Volume)
- & GeoPackage
f/ﬂ Spatialite i
Layers =6

® T |7 2= ]

~ |V i LC09 1 2SP 146039 20250130 20250131 02 T1 SR BS
Band 1 (Gray)
48,118

7,084

Step 2: Once bands are added, In toolbar area - il Ih S
click > Processing > than select toolbox

A

6,907




THE ENERGY AND
RESOURCES INSTITUTE

nnovative Solutions for o Sustainable Future

16039_20250130_20250131_02_T1_5R_B4@1
16039_20250130_20250131_02_T1_5R_B5@1

- X
: =) Raster Calcul
- } . () Raster Calculator
< - @ %2 T g
wg i-_é' @ ﬁ} Parameters | Log
Expression
Processing Toolbox [=]E] e
'#'n' e OB o
o+ Equal to frequency =
'\, Fuzzify raster (gaussian membership)
“ Fuzzify raster (large membership)
* Fuzzify raster (linear membership)
Fuzzify raster (near membership)
- Fuzzify raster (power membership) 1

Less than frequency

4% Raster boolean AND
e ——

Fuzzify raster (small membership)
* Greater than frequency
Highest position in raster stack

Lowest position in raster stack

Operators

abs

sqrt

mir

cos sin
acos asin
tan atan
= 1=
max

log10

Expression

("LC09_L2SP_146039_20250130_20250131_02_T1_SR_BS@1" - LC09_L2SP_146039_20250130_20250131_02_T1i SR_B4@1") / (
"LC09_L2SP_146039_20250130_20250131_02_T1 SR_B5@1" + "LCO9_L25P_146039_20250130_20250131_02_T1 SR_B4@17)

<4 Raster boolean OR
Raster calculator
“° Raster layer propeptiac

“o¢ Raster layer statist]

* Raster layer uniqu| Algorithm ID:
Raster layer zonal | 'ggis:rastercalculator’

Raster surface volume
Reclassify by layer
Reclassify by table
Rescale raster

= Round raster
<0 Sample raster values
<2 Zonal histogram

’ - Zonal statistics

NDVI

Advanced < | |Run as Batch Process...

Expression is valid

Predefined expressions

0%

Add...

Save... Python identifier: "EXPRESSION'

Raster
calculator

This algorithm allows

perfarming algebraic
AND operations using raster

layers.
2 The resulting layer will
have its values computed
) according to an
expression. The
expression can contain
numerical values,
operators and
references to any of the
layers in the current
project. The following
functions are also
supported:

-sin(), cos(), tan{),
atan2(), In{j, log10()

The extent, cell size, and
output CRS can be
defined by the user. If

Expression

lmssme £ Y il b s smmd T

Run Close Help

Step 3: In Processing Toolbox Search Raster calculator > In Expression box write the formula and select the layer from

layers box > Run



a2 | THE ENERGY AND
*? | RESOURCES INSTITUTE

Creating Innovative Solutions for o Sustainable Future

1 Blues 1 viorsr -
er Database Web Mesh Processing Help I I BrBG IYIOer
DRIORI #
’ HPppD® Eat@mOoOR IR | :ausn
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help BuPu
- = e [ DD E T & [ o e = E— B Cividis
D L @ ma @ E} ﬂ) ﬁ ;] ;" g" p ﬁi B - E El L= E}] - D9 W %}3} z LT (2 Layer Properties — Output — Symbology IG B
—— Y — 1 ] b
REVAMED Y— . v Band Rendering
GE % % W = p’i’ Information Render type | Singleband pseudocolor + l Greys
Browser @&
4 Information . Infernc
o - py— — . ;{:\\ cource Band Band 1 (Gray) B Magme
Favarites Wy ource Contours )
» [ Spatisl Backmarks Max 03918574 / Hin 02151525 Hax B Mako
, % Home &l Symbology » Min / Max Value Settings d’ Eymbelgy P Min / Max Value Settings I OrRd Er
s [
» [ D\ (System Reserved) !é Transparency e tinear = lﬂ Transparency Interpolation Linear Il oranges i
" 5 BNy [— ot rano - > . i
l’: E:::::Eee P Label unit suffix .! Histogram Color ramp -I I . n o
Layers & Fendering Label predsion 4 = p Label unit suffix Invert Color Ramp I | PiYG ',:
& & T ~EL FF [l a Ternporal Value Color Label e .‘, Rendering bl precin I Blues . Plasma I
T g'- Qutput MR Pyramide 02151525 a S I Cividis 1 Puy
a”g ;SB':;) X Temporal Value Color Label I PuBuGH
‘ ! Metadata 01914855 I Greens
. ' E& pyramids -0.2151525 2152 | Ml Greys [ 1Puor
Legend
01678134 -0.1678 B Magma M PuRd
-0.215153 LT OGIS Servel
bW W LC09_L2SP_146039_20250130_20250131_02_T1_SR =T 0SS -0.1914835 B vako il Purples
b || B LC09_L2SP_146039_20250130_20250131_02_T1_SR laaile I |Rde I IRdB'-'
01204842 - -0.1678184 Ml Reds | | rdGy
Style oK Cancel Apply Help - . Rocket I RdPu i
-0,1441514 2 1] spectral | | RdviBu
Step 4: Right click on layer>Properties>Symbolo _ gy | M Tbo [ ] Raer
01204842
; W vidis M Reds
Style ” r Rocket
. . ‘ . , . L[Em CUTUT Rariig.. I SpECtral
Step 5: Click the ‘singelband grey’ option > In the drop B Turbo

down, select ‘singleband pseudocolor’ > select the color

palette of your choice in color ramp

Step 6: Explore Other options of Visual

Representation by clicking ‘All Color ramps’




THe ENERGY AND

L]
“ RESOURCES INSTITUTE

Creating lnnovative Solutions far a Sustainable Future

() *Untitled Project — QGIS
Project Edit Niew Layer 5Settings Plugins Vector Raster Database Web Mesh Progessing Help

NeERRY 2 2LRY PP QAL BEaLIOR H-0--0 @ #k3 - -

MEV.ZMER # /B ck-BE<p oo "“q qeaquans QAR & H:

ELET =

high NDVI Value
while the Lower
NDVI Value
represent no
vegetation area.

Browser
QeY®He
. ‘j,",'f' Favorites |
Final Output here > 1 Spasokns
4 Home ||
dark green shows » 0o

¥ [] D:\ (System Reserved)
P[] BN (New Volume)

@ GeoPackage
£ ospstalve -
Layers p
v fl ® V-0
~ v ¥ Output &
Band 1 (Gray) i
0.991867
-0.215152

b [ | B 1C09 12SP 146039 20250130 20250131 02 T1 SR B5
v [] 3 1C09 125P 146039 20250130 20250131 02 T1 SR B4







	General Monitoring of Environmental Indices
	Table of Content 
	Basic concept of Spectral indices
	Slide Number 4
	Normalized Difference Vegetation index (NDVI)
	 Normalized Difference Moisture Indices (NDMI)
	Normalized Difference Water Indices (NDWI)
	Normalized Difference Built-up Indices (NDBI)
	Normalized Difference Snow Index (NDSI)
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

