Band ratio review — in a nutshell

Band ratioing = Divide the DNs in one band by the DNs in another band for each
pixel to create a new data channel

Purposes:
a. Spectral slope enhancement — highlight the difference between two bands
b. Suppress / reduce topographic effect — shadow

c. Include ratio as channel input for classifications

d. Threshold for thematic analysis / display

e. Generate useful colour composites (geology) |

The NIR/ Red ratio highlights the rapid ->
increase in NIR reflection by healthy veg.
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Why 1s NIR/Red ‘better’ than NIR/Green ?
Is it better than NIR / Blue ? |

Related image arithmetic: |
- Band addition, subtraction, multiplication or=




Indices

Ratios ... enhance albedo contrasts by reducing inter-band similarities

e.g. Near-IR / Red ... to 1dentify vegetation

Some sources refer to ratios as indices:

Ratio Vegetation Index (RVI) = NIR/Red > | = vegetated
* RVI can create very high values (if Red Band DN is low)

Difference Vegetation Index (DVI) = NIR-Red > 0 = vegetated
* DVI is heavily influenced by different lighting

‘Combining’ these two creates the most common vegetation index,
involving subtraction, addition and division ... and ‘normalization’



Normalised Difference Vegetation Index: NDVI
Proposed 1n the 1960s with Tiros/Nimbus weather satellites

(NIR — RED)
(NIR + RED)

DVI =

Lowest values: black
Key: Blue-> blue-green-> Green
-> Yellow, Orange (highest)

CCRS/CCY



Normalised Difference Vegetation Index

s

Division compensates for
differential illumination
Normalisation yields values -1 to 1
... stored 1n a 32 bit channel

= a close estimate of biomass
also referred to as greenness
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enhances the vegetation signal, while
minimizing the impact of solar radiation and bare soil

»Negative values of NDVI (values approaching -1) correspond to water.
» Positive alues close to zero (0 to 0.1) = barren areas of rock, sand, or snow.
»low, positive values represent shrub and grassland (0.2 to 0.5)

»high values indicate temperate and tropical rainforests (0.6 to 0.9)

What do you get when you store NDVI values in an 8-bit or 16-bit channel ?? Nothing!



http://en.wikipedia.org/wiki/NDVI

Highest NDVI values in different environments

Ecosystem Typical NDVI ~ Location References
values
Boreal forest 0.6-0.8 Alaska Parent and Verbyla, 2010
Temperate forest 0.3-0.7 France Pettorelli et al., 2006
Coastal rainforest 0.88-0.92 Solomon Garonna et al., 2009
Islands
Alpine pastures 0-0.35 Italy Pettorelli et al., 2007
Annual grassland 0.15-0.45 California Gamon et al., 1995
Desert 0.06-0.12 Sinai, Egypt Dall’Olm(; 88;1 Karnieli,

Table 1 - Typical NDVI values for different ecosystems (Pettorelli, 2013)

Landsat browser:


https://earthnow.usgs.gov/observer
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
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Annual and interannual changes in NDVI
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NDVI

Canada

NDVI values increase with
‘green-up’ in spring

Peak 1n mid-late July ..
start to drop 1n August,

and into the fall

From mid-summer

-> Near-IR decreases

-> Red increases (till leaf fall)
->Implications for wildlife
habitat and movement
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Special sensors for NDVI

SPOT 5 has extra bands / wide sensor in visible/NIR with 1 km resolution to capture a
repeat 2400 km swath for global coverage

MOQODIS and NOAA-AVHRR have 250m/1000m red /near-IR bands for NDVI

NDVT is used to measure vegetation amount or biomass, in regional and global estimates.
NDVT is directly related to photosynthesis and thus energy absorption of plant canopies

Global NDVI change:


https://archive.org/details/SVS-3584
https://archive.org/details/SVS-3584
https://archive.org/details/SVS-3584

Monitoring monthly
and yearly changes,
and anomalies in NDVI

Long term changes:

may represent global
impacts e.g. large scale
forest change - clearance
/ regrowth

NDVI Anomaly
B 092
<-0.5 0 >0.5

The difference between the average NDVI for a particular month of a given year (such as
August 1993, above) and the average NDVI for the same month over the last 20 years is the
NDVI anomaly. In 1993, heavy rain in the Northern Great Plains led to flooding in the
Missouri River. The resulting lush vegetation appears as a positive anomaly (green). MODIS



Many satellite sensors specifically have red and Near IR bands to assess global vegetation

Table 1. Low or no-cost satellite sensors and data streams utilized for
land surface phenology studies!

Sensor Satellite | Overpassf | Data Data Spatial Processed | Latency
Orbit Source Record Resolution{s) | Time Step
Frequency Elterrl:astrial {years)
ata
MO AR . 5 | 1989- 1-meelk, a2}
AVHRR SEFiEs Daily USGS/EROS present 1 km 2-meel hours
MOAS . Masa Twice
AV HER ceries Craily Ecocast] 19832-2013 | 8 km manthly M
Landsat 2 Distributed
M= 1.5 158 davys USGES/EROS. [ 1972-1992 | 79 m by scene NS A
™ Landsat | ¢ 4 USGS/EROSE | 1982-2011 | 30 Distributed | ) -,
4-5 ays i by scene
Landsat 2| 1999- Distributed | ~1-3
ETM+ = 16 days USES/EROS oresent 30 m by scene days
| ] 4 1999- ] w3
Yegetation SPOT 1-2 davys YITO present 1.15 km 10-day months
) . Z000- 250 m, 500 m, | &-day, 16- | ~7-30
MOoDI= Terra 1-2 days LFDAAC oresent 1 km day days
) c Z002- 250 m, 500 m, | &-day, 16- | ~7-30
MODIS Aqua 1-2 davys LPOAAC oresent 1 km day days




MODIS: MODerate-resolution Imaging Spectroradiometer

36 spectral bands ranging in wavelength 0.4 um to 14.4 um and at spatial resolutions 250m to
lkm. Swath: 2330 km Earth covered 1-2 days

Designed to combine some of the characteristics of AVHRR and Landsat TM

= 'Superspectral' (vs Multispectral)

MODIS is THE main medium resolution EO satellite sensor, but nearing end of life —
gradually replaced by the Visible Infrared Imaging Radiometer Suite (VIIRS) onboard Suomi (Finland)

Reflected Solar Bands Emissive Bands
Aggregrated 230 m Aggregrated 500 m ! km ! fon
Band 1 (620-670 nm) Band 3 (459-479 nm) Band 8 (405-420 nm) Band 20 (3.660-3 840 pm)
Band 2 (841-876 nm) Band 4 (545-3635 nm) Band 0 (438-448 nm) Band 21 (3.929-3 989 um)
Band 5 (1230-1250 nm) Band 10 (483-493 nm) Band 22 (3.939-3 989 um)
Band 6 (1628-1652 nm) Band 11 (526-536 nm) Band 23 (4.020-4 080 um)
Band 7 (2105-2155 nm) Band 12 (546-556 nm) Band 24 (4.433-4 498 pym)
Band 13L (662-672 nm) Band 25 (4.482-4 540 ym)
Band 13H (662-672 nm) Band 27 (6.535-6.895 um)
Band 14L (673-683 nm) Band 28 (7.175-7475 pm)
Band 14H (673-683 1) Band 29 (8.400-8 700 ym)
Band 15 (743-753 nm) Band 30 (9.580-9 880 pm)
Band 16 (862-877 nm) Band 31 (10.780-11.280 ym)
Band 17 (890-920 nm) Band 32 (11.770-12 270 pm)
Band 18 (931-941 nm) Band 33 (13 .185-13 485 ym)
Band 19 (915-965 nm) Band 34 (13 485-13.785 ym)
Band 26 (1.360-1 390 pm) Band 35 (13.785-14.085 ym)
Band 36 (14 085-14 385 ym)
| I |




MODIS (Moderate-resolution Imaging Spectroradiometer)

MODIS SPECTAL THEMES

MODIS Team Member MODIS Product

E Vermote Surface Feflectance

Z Wan Land Surface Temperature

A StrahlerJ-P. Muller BRDF Albedo

A. R Huete/C. Q. Justice Vegetation Indexes

R. B. Mynem'S. \\ P LATFPAR

C. 0, Jusnce Y. ] Mufman Fires Bumed Ares

D.Hsll Snow/Ice ' Sea Ice

J. B G Townshend'A Strahler Land CoverLand Cover Change
S. W Rmnmns PSN/NPP

EarthExplorer datasets

Data Set Search

= LCMAS
~ MASA LPDAAC Collections

+ ASTER Caliections

L ABTER Clobst Emisslvity Datasets

+ MODIS BROF and Albeda - VA

F MOME Grass Frimary Pradustivigg - Ve
+ MOUIS LAUFPAR - VE

+ MBODIS Land Cover » VI

¢ MODNS Lang Surtace Roflectance - Vi

L MOMS Land Surfsae Temp and Emisy - VA
¥ MODIS MAIAC - V4

+ MOMIE Net Evapomranapiraten - v

+ MOUIS Radiation V8

+ MOOIS Thermal Anomalies and Fire < V&
+ MODE Vopetanion Indices - Y

L MOTHS Water Mash - VE

Y ECOSTRESS

+ GFSAD Collectians

Launched by NASA in 1999 on the (EOS AM) satellite, and in

2002 on the (EOS PM) satellite.
Terra: 10.30am descending
Aqua: 1.30pm ascending


http://en.wikipedia.org/wiki/Terra_(satellite)
http://en.wikipedia.org/wiki/Aqua_(satellite)

Delineation of Grizzly Bear Habitat in Bute Inlet

- Assumes bears are attracted GEOG357 project

to highest biomass areas
e.g. avalanche slopes
Sieved NDVI threshold
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Utilization of Landsat TM and Digital Elevation
Data for the Delineation of Avalanche Slopes in

Yoho National Park (Canada)

K. Wayne Forsythe and Roger D. Wheate

Fig. 1. Avalanche Slope at Takakkaw Falls, Yoho Natonal Park. Looking
} west, slope is approximately 500 metres wide.




NDVI Yigor
B High
&

Example Vineyards ‘backwards’
Standard NDVI = colour ramp !



http://grayhawk-imaging.com/

Green GNDVI (NDGI) : = (NIR-G) / (NIR+G)

GNDVI is more sensitive to chlorophyll variation in the crop than
NDVI. It can be used in crops with dense canopies or in more
advanced stages of development while NDVI 1s more suitable for
estimating crop vigor during the early stages.




Soil-adjusted Vegetation Index (SAVI) = 1.5 * (NIR - R) / (NIR + R + 0.5)
Optimised Soil-adjusted Vegetation Index (OSAVI) = (NIR - R) / (NIR + R + 0.16)

MSAVI: Modified Soil Adjusted Vegetation Index (MSAVI) minimizes the effect of bare soil
on the Soil Adjusted Vegetation Index (SAVI)

(2*NIR+1—-1,(2*NIR+ 1) — 8= (NIR — RED))

MSAVI2 =

Landsat 8 Surface Reflectance Modified Soil Adjusted Vegetation Index (MSAVI)
Path 44 Row 33 - Acquired 7 Oct 2018 Landsat 8 Path 44 Row 33 - Acquired 7 Oct 2018

Bands 6,5,4




NDWTI (Water): (Green - NIR)/ (Green + NIR) 1996

- Mapping water - lakes, floods etc.. > 0.2 = water

Also  NDMI = (NIR - SWIR1)/ (NIR + SWIR)

Moisture content in leaves (also sometimes referred to as NDWTI)
Note: reversed order of bands compared to NDVI

ol

NDWI of Canadian lakes. Acquired on
2020-08-05, Sentinel-hub




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

Moisture content in leaves (also sometimes referred to as NDWI)

Landsat 9 Surface Reflectance Normalized Difference Moisture Index (NDMI)

Path 44 Row 33 - Acquired 24 September 2022 Landsat 9 Path 44 Row 33 - Acquired 24 September 2022
Bands 6, 5,4 -

50 Miles



https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.usgs.gov%2Flandsat-missions%2Fnormalized-difference-moisture-index&data=05%7C02%7CRoger.Wheate%40unbc.ca%7C272016067d30439be64808ddfc7710ef%7Ca7ee9abb4885492eb331a6fa051a39bb%7C0%7C0%7C638944310502618212%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=F%2Bs%2FRNeYDT0JjIIVR%2BnYeWUyPGeSo0x%2FYVPPnkH%2B9a0%3D&reserved=0

Snow: NDSI = (Green-SWIR) / (Green+SWIR)

NDSI has mostly been used for assessments of

1. Snow cover detection and mapping
2. Discriminate snow and clouds

3. Detect glacier ice in shadowed terrain
4. Detect frozen lakes

5. Glacier mapplng

0 ¢ (R
» ~ A [

‘—'\
. composite
.3 P ‘ Satellite Composite

.
Calculate NDSI
No
NDSI>0 o |

Snow Free Land

1 Yes

Have Snow



Red Edge indices — Sentinel-2 (2015) (and Worldview 2009)

NDRE = (NIR — RED EDGE) / (NIR + RED EDGE) (Normalized Difference Red Edge):
It is closely related to NDVI; it enables to identify vigor decreases earlier notably in agriculture

0 ha
31.81 ha
479 ha
65.48 ha
17.68 ha
0 ha

0 ha

0 ha

0 ha

0 ha

How NDRE map looks on EOSDA Crop Monitoring.




Normalised (Difference) Burn Ratio (Index)
NDBR (NIR — SWIR2) / (NIR + SWIR2) Landsat 8 OLI: NBR = (5-7)/(5+ 7)

Landsat 8 Surface Reflectance Normalized Burn Ratio (NBR)
Path 44 Row 33 - Acquired 7 Oct 2018 Landsat 8 Path 44 Row 33 - Acquired 7 Oct 2018
Bands 6,54 :



https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio
https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio
https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio
https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio
https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio
https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio
https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio
https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio
https://www.usgs.gov/landsat-missions/landsat-normalized-burn-ratio

GEOG 357 project
2020

Kinbasket Lake
August 2018

Sentinel 2 MSI
Bands: SWIR2, NIR, Red

NDBR:

(NIR-SWIR2)/ (NIR+SWIR2) &

Note: we’ve found that NBRI
does not work as well in drier
places e.g. southern BC, as there
was limited vegetation beforehand




Normalized Difference Built-up Index
NDBI = (SWIR - NIR) / (SWIR + NIR)
USEes the NIR and SWIR bands Figure 10. NDBI calculated from the image of TM/Landsat 5 for 1986, 2001, and 2010.
to emphasize built-up areas.
(=lack of vegetation) e e o oA O

NDBI
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https://www.researchgate.net/publication/233629918_A_Quantitative_Approach_for_Analyzing_the_Relationship_between_Urban_Heat_Islands_and_Land_Cover
https://www.researchgate.net/publication/233629918_A_Quantitative_Approach_for_Analyzing_the_Relationship_between_Urban_Heat_Islands_and_Land_Cover

Summary of Indices

Vegetation and soil: NDVI most common
with many variants e.g. NDGI, DVI, SAVI, NRDE, NDBI

Water: NDWI
Snow: NDSI

Burns (fire): NDBR

All have values =-1.0 to +1.0 — stored in 32-bit real channel
This standardization enables direct comparison for change detection



Many more examples... latest count > 150 ?

Intro+apps:
Intro+6:

ENVTI:

index database (300):

ArcGIS:

ArcGIS:

Sentinel:


https://www.icimod.org/capacity-building/2020/totafg/day2/remote_sensing_indices_pt.pdf
https://www.icimod.org/capacity-building/2020/totafg/day2/remote_sensing_indices_pt.pdf
https://www.icimod.org/capacity-building/2020/totafg/day2/remote_sensing_indices_pt.pdf
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://medium.com/regen-network/remote-sensing-indices-389153e3d947
https://www.nv5geospatialsoftware.com/docs/AlphabeticalListSpectralIndices.html
https://www.indexdatabase.de/
https://www.indexdatabase.de/
https://enterprise.arcgis.com/en/portal/10.7/use/band-arithmetic-function.htm
https://enterprise.arcgis.com/en/portal/10.7/use/band-arithmetic-function.htm
https://enterprise.arcgis.com/en/portal/10.7/use/band-arithmetic-function.htm
https://enterprise.arcgis.com/en/portal/10.7/use/band-arithmetic-function.htm
https://enterprise.arcgis.com/en/portal/10.7/use/band-arithmetic-function.htm
https://pro.arcgis.com/en/pro-app/latest/help/data/imagery/indices-gallery.htm
https://pro.arcgis.com/en/pro-app/latest/help/data/imagery/indices-gallery.htm
https://pro.arcgis.com/en/pro-app/latest/help/data/imagery/indices-gallery.htm
https://pro.arcgis.com/en/pro-app/latest/help/data/imagery/indices-gallery.htm
https://pro.arcgis.com/en/pro-app/latest/help/data/imagery/indices-gallery.htm
https://custom-scripts.sentinel-hub.com/custom-scripts/sentinel-2/indexdb/
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