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Hello everyone. Welcome to today's NPTEL course on Remote Sensing and GIS for Rural
Development. This is Week 10, Lecture 4. In this week, we have been looking at online
platforms and GIS platforms with remote sensing data that can help us to quickly download

NDVI data and other crop vegetation index data.

Across the research literature, NDVI ranks number 1 for having a lot of remote sensing based
studies for assessing the vegetation, health of vegetation area, acreage etcetera because it is
very simple to use, very efficient and open source. We also have vegetation fraction which a
lot of these platforms house. And before we get into the other indicators, | wanted to
showcase the 4 different platforms that house NDVI the Bhuvan we saw in the previous

lectures.

In the last lecture, we looked at Google Earth engine which keeps on updating. And today we
will be looking at the NASA's data sets. Why NASA's data sets is it has high benefits on
spatial and temporal resolutions when compared to the other data sets that we have discussed
initially and because of the high global coverage and spatial and temporal resolutions, there is

multiple scientific articles on it.



As students, whenever you want to collect data and form a hypothesis or if you would like to
support an idea, the best way to do it is first do a literature review. In the literature review,
you find papers, recent papers and look at what methods they have used. And you will find
some technologies that everyone can use as example NDBI.

There are other higher indicators with better resolution so called or better analysis, however,
they might be expensive. We need to make sure that everyone can map at least in the initial
stages and that is what NDVI does for you. It is very simple. It is NIR minus visible red by
NIR plus visible red. And almost all open source satellites nowadays have these bands and

even the older satellites. So, let us move on.
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* ISRO Bhuvan
https://bhuvan-app3.nrse.gov.in/data/download/index.php

* Google Earth Engine — Data catalog
https://developers.google.com/earth-engine/datasets/catalog

* NASA - USGS

https://earthexplorer.usgs.gov/

Put boxes and date range

Search NDVI data under Vegetation Monitoring (eVIIRS NDVI)
* Sentinel Hub

https:/ /www.sentinel-hub.com/
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And we have actually looked at ISRO, Bhuvan in the previous lectures and then Google Earth
engine. | had also indicated that there is some codings that you could do. As | said | will
refrain from teaching how to code because that is not a part of the current exercise. Coding,

there is a lot of forums that you could go and and find the codes.

You can just Google and say that Google Earth engine making charts and then you will find a
lot of videos. What is missing is how does that relate to a particular topic because that is
domain expertise. So, in this lecture series, the entire remote sensing and GIS for Rural
Development, not only am | giving you the access to remote sensing tools but also making

sure that you know where to use it.



Again, remote sensing tool and GIS is taught in civil engineering, earth science engineering,
geography, remote sensing as a class by itself, satellite technologies, in our rural development
courses | teach it. Now, even policy teaches it, law teaches it. But where we would be
different?

This NPTEL course is very different is we align it to a particular objective which is rural
development. And of the rural development, we assess that croppings have a very very high
impact because most of the population depends on agriculture, so we had more focus on it.
We will slowly look at other options also.

But, please remember that other rural development indicators and indices that we initially
started with rural infrastructures, rural droughs, rural schools, rural hospitals, all these have
very very less data and remote sensing is one of the best that can help. Still, there is much
more to go. Whereas, agriculture, at least you can see the plants, you can see the the

croppings, farming, harvest, etcetera.

Suppose, there is a building and it is covered on top with trees, for example, IIT Bombay, if
you take a satellite or drone image, you will see a lot of trees. So, you cannot count how
many buildings it is. Because the buildings are under the trees. So, the the aerial imagery will
not be just enough. So, there is other data that is also needed. As | spoke about synergized

data mapping.

So, after week 10, | hope to again revisit the synergize mapping and showcase some data that
has been used widely for rural infrastructure mapping. So, let us start with the NASA data
sets. | will explain the Earth Explorer and also go to GES DISC data set that we have already
looked at in the previous lectures. Just for the vegetation fraction, we will look at. So, let me

share the Earth Explorer website.
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So, this is how the Earth Explorer website looks like and we have already used these in our
hands-on exercise. | have not logged in. I will keep it unlogged for now. So, right now, you

could see that we have multiple options. So, when you open Earth Explorer, | could open it
again for you just in case. Let me open it again.
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So, if I open the Earth Explorer again, it is the same link that | have shared. You will see that
it opens on a particular location and in South Dakota. So, because they want to center it in the
US. So, all you can do is if you move your mouse on the frame, you will see a hand. You
click it, it will hold it. It is called pinch and then you pinch and then you move.

So, or you can the best way to zoom out to a particular location, zoom out as much as
possible and then just drag it. It is easier to go to India like this. So, what happens here is we

need to show where we would like to work on. So, here we can zoom in by moving the
mouse in front.
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So, let me just put it back on Maharashtra because we have used Maharashtra for the other
NDVI indicators. So, you can zoom in more if you need and then, yeah. So, let us keep it at
Pune region, Nasik region. So, good. So, we have this Pune, Nasik region and then as | said
what we will be doing is there is a lat long that has already been given. We will be using that.
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But more importantly, on the top, it is the search criteria. You can use a shape file that you
have already used. You can download it and put it on the system and then use it. But also go

to geocoder which is kind of a little bit advanced. So, let us skip that part.
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We will go to polygon. So, you will draw the polygon where you want the area to be

disclosed. So, when | use this, you can use a map by clicking the previous map that we
selected. But again we will use a new coordinates.
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Or you can do a circle, you can click on top and then zoom out and zoom in like for example
like this and then you can put a radius and then the circle is created. Let us say 1000 meters
that is one kilometer. So, you can see a big circle coming up. Or you can clear the circle and
then back. | am going to clear all my polygons coordinates.
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Again putting it back to Pune region. And then you can have a circle predefined area, you can

add a shape file after you log in but we will use a polygon.
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So, once you click the polygon, you will have to click coordinate. So, this is one coordinate,
let us say we can just use Pune. You can also see the grids. So, you can see these lines. These
are each tiles of the data and it will be used for searching the data if needed. That will be
enough. And then this is the coordinate system we have.
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Then you can come down here to say that what is the cloud cover you are okay with? 100
cloud cover does not make sense. So, let us keep it at 75 percent and then result options you
can see how many results you want to see. Let us say 10 is enough. And then the date range is
we will go just for this recent year.

So, or December because we use December 2021 in the Bhuvan but we will use December
2022 and then we will say actually we can go to September also. September 1 to December
2022. End. And then we can say search all months, you can say search all months and then
click on the result options. You can click all, if needed and it is also good. This is good. Now

we can go to data sets.
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We will just pick what data set you want. So, this is on the top also. And here you will have
plethora of satellite remote sensing data that you could use. I will just show you some of it

because just for NDVI will come straight to NDVI but I also wanted to explain this slide.
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Aerial imagery is just a photograph picture of the location. For example, you are looking at a

post flood analysis and you want to see the impact, the damage of buildings and all, which is
not an indicator based approach. So, for that you can use these high resolution images just as
aerial images. These are aerial images, not only taken by satellites, most of it is flights. So,
you can see here flight imagery, Antarctic flight line maps. And then most most importantly,

these are all flights whereas this is space photography from clouds.
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And then we have AVHRR is also a different sensor placed on satellites CEOs Legacy is

there. Legacy means is kind of outdated also commercial satellites. These are two
commercial satellites that Earth Explorer has bought for you or have a subscription. It is not
the real real high-end satellites. They have now IKONQOS and orbital view.

For example, high-end as in, they will not give it for free. So, the freeier versions and other
Meta versions or the lower resolution versions. And then there is a declassified data which is
something that it was classified once and now it has been declassified some data on the
borders and etcetera. These are DEMs. So, we have all these DEMs we do not have the

Indian satellites.
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But if you come down you have ISRO satellite. So, no other big satellite name is there except
NASA and the European satellite regions, explicitly here. So, you have resourcesat, both the
AWIFS and LISS-3. These are good aerial imagery and a lot of analysis can be done using
this.

So, you have digital maps, the national atlas maps and then digital line graphs are there. Earth
observation systems and then fiducials, Global fiducials maps, HCM, ISERV, all these are
sensors, then the land use land cover. You can have a global land use cover, land cover
trends, photos, et cetera. Landsat is the really important one because it has been a legacy,
1960s till date it has been taking images. Now we are at landsat 8 and 9 and you can get all

these landsat images.
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As | said Legacy is the older versions, you can see from 1984, 1960s, 1972s, etcetera,
etcetera, you have data. 1960s you will not get much of India but you will get across the other
regions. So, there is a collection level 1. You can see that these are the collection level 1s,
landsat 1t0 5,4 t0 5, 7, 8, 9. So, the 1 to 5 is the older versions. You can click on this to get

the collection info.
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USGS EROS Archive -Landsat Archives - Landsat 1-5
Multispectral Scanner Collection 2 Level-1 Data  «cne

By Earth Resources Observation and Science (EROS) Center  March 4, 2020

Overview Science Web Tools

Landsat 1-5 Multispectral Scanner (MSS) Collection 2 Level-180-meter Contacts

multispectral data. Delivered data processed to 60-meter pixel size. §EyPESCEP) USGS EROS Customer
Services

Email; custserv@usgs.gov
> Phone: 1 800 252 4547

@)
Fack to Products Overview

It will open on a different page and tell you what these data landsat 1 includes and it says
1972 to 1992. So, it is 20 years of data at 16 meters resolution. This is the oldest versions,
very good versions | would say. And 1960s is kind of reconstructed data it is not actual data
but still there. So, that is 1972.



(Refer Slide Time: 14:43)

EARTH RESOURCES OBSERVATION AND SCIENCE (EROS) CENTER  SCIENCE

USGS EROS Archive - Landsat Archives - Landsat 4-5
Thematic Mapper Collection 2 Level-1 Data e

By Earth Resources Observation and Science (EROS) Center  March 4, 2020

Overview  Science Web Tools

Landsat 4-5 Thematic Mapper (TM) Collection 2 Level-1 [t guniyaaesal Contacts
ok (198 to2011) USGS EROS Customer
Services

Email: custserv@usgs.gov
Phone: 1 800 252 4547

Back to Products Overview

Explore Search

* Landsat Collecbon 2 Lavel-3 Scnce Products
¥ Landsst C2 US. Analysis Ready Dsta (ARD)
* Landsat Collecton 2 Lavel-2

¢ o Loafet Communy,

~ B s

{ 0 download; they i
2 )

So, just let us look at how a resolution has changed in these Earth Explorer data sets. Now
you will see the level collection 2, landsat 4 TO 5. So, the previous one was 1 to 4, 1 to 2. It
is asking me to take a survey of life but not now, later | do it. So, then we have the level
collection 2 which is landsat 4 to 5 at 30 meter resolutions. So, the previous one was at 16
meter resolutions which was landsat 1 to 5 then the 4 to 5 is at 30 meter resolution. This is the

4 and 5 versions are 30 meter resolutions.
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USGS EROS Archive - Landsat Archives - Landsat 7 Enhanced
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Ey Earth Resources Observation and Science (EROS) Center  March 4, 202

Overview

Landsat 7 Enhanced Thematic Mapper Plus (ETM+) Collection 2 Level-115- to 30 Contacts
meter multispectral data. (1999 to present).

USGS EROS Customer
Services

}.n k to Products Overview

And then this is also going to be the landsat 7 collection which is really really successful at
30 meter data but it is multi-spectral. So, the previous ones were just normally red, green and

blue, whereas the multi-spectral data came into existence much later.
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USGS EROS Archive - Landsat Archives - Landsat 8-9

Operational Land Imager and [yt 8 0 R )

Collection 2 Level-1 Data  «cn

y Earth Resources Observation and Science (EROS) Center  March 4

Overview

Landsat 8-9 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) Contacts

Collection 2 Level-115- to 30-meter multispectral data.
27 . USGS EROS Customer

~Landsat 9 Collection 2 Operational Land Imager (OLI) and Thermal Infrared Sensor Services
UH{HTRS) data from the first year of operations will be reprocessed starting Wednesday, —Email:custserv@usgs. gov

And then we have the 8 and 9, the recent ones. You can see the metadata for it. These are in
some locations very very high resolution and it has also the thermal infrared sensors and at 30
meter resolution. So, the landsat goes best for 30 meter resolutions but the sensor has been

updated. So, now we have thermal infrared sensors and actually somewhere around bi-weekly



to monthly you get the data. So, again landsat we will not be using for this part because we

want products. We want products that are being taken from landsat models whatever it is.

(Refer Slide Time: 16:13)

* Globai Fiduciais
* HCMM
+ ISERV
+ Land Cover
+ Lancsat [J
7 LowAp
/% conus cotuction 1
* Mawai! Collection 1
* NASA LPDAAC Collections

* Radar

“UAs . Leahet| ies ©Een  Source: Een, Loubed, USDA, UISGS, AEX. GeoEye, Getmapping, Aesogna. IGN, IGP, UIPR-EGP, ar
ESRI
The provid ' download;
purposes only; they

&:) ﬂ:’q&. earthexplorerusgs gov

* HCMM
# ISERV
% Land Cover

* Langest
+LoMAP
= NASA LPDAAC Coliections.
+ ASTER Colections
© ASTER Gioba Emissy Datasets
+ MODIS BROF 8nd ADedo - V6
= MODIS BROF and Albedo - V8.1
* MODIS Gross Primary Productivity - V6
= MODIS Prinary Productvy - V.1
+ MODIS LAVFPAR - V6
= MODIS LAVFPAR - VB.1
* MODIS Land Cover - V6
= MODIS Land Surfce Refsctance V6
+ MODIS Lang Surface Reflectance . V6.1
 MODIS Land Surface Tamp and Emiss - VO

4 MODIS Lsnd Surtace Temp and Emiss - V6.1 :
. Leafiet| Tes s Source: Esn Loubed, USDA, USGS, AEX, GeaEe, Getmapping, Aerogri, IGN, IGP, LPREGP,
S uane ua v &R

3ps purt ide

P




€ 9 C 0 # cartherplorerusgsgor
# HODIS e Anomalles d Fre - V6

= MODIS Thermal Anomalies and Fre - V6.1

- MODIS Vegetationindices - V6

¥ MODIS Vegetation Indices - V6.1

! . Leafiet| Thes @Een - Souce: Esn Loubed USDA, USGS, AEX, GeoBye Getmapping, Aesogri, IGN, IGP, LIPR.EGP, ar
 MODIS Water Mask - V6 - e

ESRI
‘The provides pure
Lins ly; they

So, we will go to the LCMAP. So, these are 2 specialized maps and the NASA collections of
DEM models and then we have vegetation indices. If you will click on the vegetation indices,
you have the MODIS derived in the indicators for vegetation and then we have the water,
water reservoir area, etcetera, etcetera, ecostress, all these are related to rural entities, NASA
DEM vegetation indices phenology.
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Phenology is mostly on the plant types and those kind of things. And then we do have the
VIIRS collections which also we will be using for our vegetation indexes. So, you can see

here these are the vegetation indexes.
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And then the radar is more important for penetrations. So, these have, it penetrates to the
ground. So, these mostly will have the soil moisture and land elevation data much much
higher resolutions. UAS, unmanned systems are there. DEMSs. So, these are drone kind of

images and then we can see point cloud, ortho. Let us click this one.
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By Earth Resources Observation and Science (EROS) Center  April 1, 201

Overview

The Unmanned Aircraft Systems (UAS) collection provides high resolutionremote ~ Contacts
sensing data for monitoring landscape and natural resource conditions over gnall

. - . USGS EROS Customer
project areas. Data types will vary by project. (2008-present)

Services

Email; custserv@usgs.gov
Phone: 1 800 252 454
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s S
BN & usgsgovicenters/eras/science/usgs eros archive- unmanned sircraft systems uas onthomagery
‘The USGS Earth Resources Observation and Science (EROS) Center manages and distributes data for the UAS R ™ ;
Project Office, USGS Science Centers and other DOI burcaus. Type of data, format, file size, and resolution will

vary by mission. Projects may include multiple missions over a range of dates.

UAS Dataset, Orthoimagery, is available through EarthExplorer

The UAS Orthoimagery is created from the raw image files by

i
correcting feature displacement, scale variations, sensor
geometry, and camera (ilt. The orthorectified images are . - ]

5 A 2 { b
mosaicked to gencerate a product that combines the image 8 >
ot E : A i
characteristics of an acrial pholograph with the geometric 9 i
qualitics of a map. These Orthoimagery products are in GeoTIEF S gl A %

format 8ot e 4y
g g v 2

The UAS Data Sharing Portal Webform is available to upload UAS iy Dr s

data to datasharingportal for inclusion to the USGS b g #

EarthExplorer UAS dataset. -y A )

Coverage Maps :‘Aﬁ s |

Coverage Maps indicating the availability of UAS Orthoimagery  UAS Orthoimagery of USGS Mid{Fl

L2 Aiiiew Mexico Project, September
products are available for download 2018. Imagecenter coordinates 36.767

- latitude, -105.352longitude(Public domain)
« Download shapefile

« Download kml

°)dditional Information

You could see that the unmanned systems also will carry drones, unmanned aircraft systems.
So, we have these are high high resolution and we have 2008 to present but only small areas.
Again, you cannot fly drones across the entire region. So, you can see here, there are some
taken in the New Mexico which is, New Mexico is not in Mexico it is the United States. So,
you will have some of these data here. And these are the unmanned aerial vehicles we call
them or UAS and then we have aircraft vehicles, so systems also they would say. So, the aid

differs in how you use it.
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And then we have the vegetation monitoring which we will be using now. And we will be
using the eVIIRS NDVI because we want NDVI. | will just show you what is happening. So,
if you click on let us say, yeah, NDVI this one, it will say that it does not get updated or no

longer produced after October 2022.

So, until then you can use it. So, if you want to use the recent ones, do not use NDVIs data
set, but you can build a legacy of data. For example, from 1972, you can use landsat data and
then from 1999s, 2000s models and then from until 2022, you can use a particular models and
then jump into landsat again. So, it is okay because the sensor is actually sensing the data. So,

we will close this.
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All these are kind of outdated except this one. So, | will just click that one. LSD is land
surface temperature which is important to show the stress on plants and land. So, we have this

and then | am just going to click result. So, we picked a date. We picked a date range and we
also pick the type of satellite that we want.
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And here is what we get. So, we get 25 images for this particular area for one month. | am
sorry, September to December. So, it is around 15 15 days a data set. So, what are these is?



(Refer Slide Time: 19:29)

T

€ 5 C 0 # catherplorerusgsgov
s e R T P

oo - S SR e

Note: You must be logged in to downioad and order
scenes RUSSIA

Show Result Controts.
Data Set e here o expert your resusts » (&
SVIRSNOVI _

Displaying 1 .25 01 25
Enfity ID: EVCAS20221226202301061
Coordinates; 3050233611111,
77 5608583333333

5“ End Date: 2073.01.05 00000006
== Start Date: 2022-12-26 00:00:00-08

© moowesa

€ 3 C 0 & csthoplorcrusggor
T e T s T ST e o

Note: You must be logged in to downioad and order
scenes

Show Result Controts.
Data Set e here 0 exper your resusts » (&
VIRSNOVI _

Displaying 1.25 o125
Entity 10: EVCAS20221226202301061
Coordinates: 502301111111,
77 §808583333333
'\“ £nd Date: 2023.01.05 0000:00.06
=N Start Dot 20221228 00:00:0008

R CONGO] o o8

TANZANIA - INDONESIA

This is a thumbnail to show the footprint of the data. So, if you click it, it will show you that
the tile, the tile, entire tile where the data has been collected. You can take it out and then go

to this one to show the data set for that region.
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So, I am going to zoom in. So, this is a previsualization, so that you can look at the data
before you download the data to make sure that it does not have errors or it does not have any
issues with the resolutions as well, too much cloud cover, for example. It is still downloading.

So, that is why you would see the blurry image, yeah.
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So, this is also good in terms of the satellite data. You can see that a lot of satellite data is
there. And all these dates are there. So, the end date, start date is there. So, this is somewhere
6 to 15. So, as | said within every 15 days the data comes in. So, the start date was in
September, it was November 6 to November 15.

So, this is the November month of data. So, you can compare between, not readily here, but
you can compare in the previous region. So, this is 2023. We did not give 2023 but it also

populates it just for our need and then here it is 2022 9, 8 and 9.
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So, this is the last week of the analysis that we wanted to see we have 25 images here. So, the

entire map cannot be downloaded that is what this is saying but you can download only the



maps that are available with this link. So, if you want to download you have to login. So, It

will ask you to log in and then you can download this data. We have already showed you how
to login and download the data.
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So, while it is getting resolution increased and stuff, let me just pick one month. Let us see if
we do have January. So, let us do January to Jan end and then | am just going to do the circle,
apply. Let us say 1000 meters or one kilometre. You can change the units here, kilometres,
miles etcetera. So, it applies that to the region. Now you see there is a lot of housing there.

So, | do not want just the housing. So, let us say 2 kilometers radius and then | apply. So, it
gets bigger.
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And then I have this cloud cover is okay for now and then we can go to the results. We have
to see the data set of eVIIRS is clicked and then results. Here we go.
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You have all these results and you can actually see them as a full tile. So, you can see how, if
you want to quickly look at it, we can look at within the month how it has changed. So, from
1 to 2nd February month we have. So, you see that the entire India is almost green with
NDVI high. NDVI in this Basin. And then we can also see the previous results. So, you can
download this and if you need you can go back to the clear the results or go to search criteria
again.
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Let us just take the summer month, the previous summer which is May. May 1 to July end
and then the data set results. We could see that now we have pushed the date to June, July,
August are those those terms. So, if you look at May which is the fifth month, these are the
fifth month and then you put the NDVI on. So, like this.

So, this one should have been capturing the image but there is a lot of black space. Which
means the data is not good. So, please, look at the data before you download it. So, this one
we can remove, saying, | do not want to do it. Because you will spend your memory and

taking all the data.
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So, now you can see here, all these yellow spots are not growing and the Ganges region is

also not growing. So, NDVI is very very less.
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But when we go to the monsoon months, | am just going to click this one and now you can
see all the green. What is the white? It is the cloud. So, the cloud cover if we have increased
and said above 50 cloud cover do not show then the data, this tile will not come, because in

my region Pune, there is a lot of cloud cover.
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You can see here. If I zoom in and if it is full of cloud cover, it will not take this image. So,
this particular image will not be showcased here. So, you do not have to download this image
and then work on it. So, this is the above the Earth Explorer and NDVI, readymade NDVI

products.
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| also wanted to show you the other NASA product which is GES DISC. So, GES DISC is is
also used for a lot of other data sets as we have seen in the rainfall, grace data can be taken
from here etcetera. But you can do the same as browse by catalog. So, you can say browse by
catalog and say what data you want to use, measurement, temporal resolution. You will just

see how big this database is.
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So, let us see measurement and see how many variables are coming. So, all these can be
taken from this database. You can take carbon monoxide landside, land use land cover
classifications. It just goes on and on. It is really really big extensive data set. But if you
already know what you want, you can click NDVI and then you can pick a date range. So,
you can pick a date or just leave it and you can pick a bounding box. Why is this important?

So that you have an area of interest rather than downloading for the entire world.
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So, I am just going to click on the pencil and then draw a box. So, | am going to draw a box
along India and then there it is the bounding box for India has been kept and then you just

click it back and then say search.
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So, when you do search, it will search and give you for your bounded region which is India,
the box | clicked, and then | drew a box. You just have to click on the pointer and then draw
the box and then you will get these values. So, here what you could see is 2 data sets are

there.

In this data collection, there is only 2 data sets for NDVI as marked as NDVI. It is the
NASA's modest images and you could see the resolution is monthly and spatial is one by one
degree. So, which is around 100 kilometers resolution. It is not that great but it has a long

long time series from 2000 to date. And a lot of people have been using these indicators.
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So, you can see here that the image you can just click on this to see the full image just for for
a verification process. It gives you the date time you can also download this image, save this
image for your reports, if you want, if you are working on a preliminary report quickly. Just
took what, 2 seconds to download this image. So, from here you just said | want to see this
image and take it for this particular month also July 2010. So, these can be used as a proposal

writing those kind of images.
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So, if you go back to data collections and then see what data is available, let us go back to
GES DISC, the full website. These 2 also | will give access GIS is mostly to use it with a
proprietary software, visualized data will go to Giovanni. Giovanni is another dashboard
within the Earth data explorer that is only used for visualizing the data and then making real
time analysis. So, we will get into that pretty soon. And then we will have browse data at

different spatial, temporal resolutions, project, et cetera.
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So, if you also wanted to, as | said, | also in order to say grace. So, you have the grace data,
you have different versions of grace. Let us see if the bounding box is the same. The
bounding box has gone. You can actually type in the values here or you can draw the box
again. So, click on the box symbol and then say like this. It can only be as box, you cannot

put a India boundary and take it out.

So, it is normally 63 4 5 87 and 40. So, it is 100 actually. Normally | use 63 500 and then 40
and then you can just say this one and then grace data is available. So, you can see here, the
earliest data available on this is 1920. It is reconstructed data but it is still good and then you

can see grace data available.
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So, ground water and soil moisture conditions from grace is available. Time reservation 7
days from 2003 to 2022, November. And there is a lag, basically, it is a model data and then

you also have per day GLDAS estimates and Grace estimates of data.
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So, | can also click and showcase one of this data set and then show you how to access it. So,
or since, we we started with NDV1 also will do but since we have this. So, the cloud enabled
is where the data is stored. You can also have an online storage for your images and then you
have this Grace data set, just a thumbnail to see how the data, the grids are present. And then
groundwater storage percentile for August. So, you have 100 percentile or 0.2, based on the

average values.
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So, you can see more on the metadata here and then documentation data citations, etcetera.

So, this grace, we did not see all these, but I will be showing now for the NDVI.
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So, we are going to do the NDVI again for the same box range. Date is fine, whatever date is
fine. So, we will say okay, do you want one of these. | will say Terra Modis | will be using.
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So, here we have the global monthly gridded data for models, a vegetation devices using
these products. And then there is a resolution given here, monthly, temporal is monthly,
spatial is one degree by one degree which is good. And then we have data citations, who you
have the cite, if you use the data. There is no pay. Most of people do not even cite these in the
publications. It is good to cite it or at least cite the NASA team because they have processed

this data; put this up and they are running it.

So, at the end of the day they are not asking for money for using it but if people use it then
the publications, they can show that so many people are using it, so that this program can
continue. The government looks at how many people are using it and the only proof they can
show is publications. So, if | can write a letter saying that | use it but | do not publish it then

what is the use. So, please, cite it in your work, your citations. You can hear you have it here.
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study the role of terrestrial vegetation in large-scale global processes with the goal of
understanding how the Earth functions as a system. This requires an understanding of
the global distribution of vegetation types as well as their biophysical and structural
properties and spatial/temporal variations. Vegetation Indices (V1) are robust, empirical
measures of vegetation activity at the land surface. They are designed to enhance the
vegetation signal from measured spectral responses by combining two (or more)
different wavebands, often in the red (0.6-0.7 um) and NIR wavelengths (0.7-1.1 um).

The MODIS vegetation index (VI) products will provide consistent, spatial and
temporal comparisons of global vegetation conditions which will be used to monitor the
Earth's terestrial photosynthetic vegetation activity in support of phenologic, change
detection, and biophysical interpretations. Gridded vegetation index maps depicting
spatial and temporal variations in vegetation activity are derived at 16-day and monthly
intervals for precise seasonal and interannual monitoring of the Earth's vegetation.

The MODIS VI products are made globally robust and improves upon currently
available indices with enhanced vegetation sensitivity and minimal variations associated
with extemal influences (atmosphere, view and sun angles, clouds) and inherent, non-
vegetation influences (canopy background, litter), in order to more effectively serve as a
‘precise’ measure of spatial and temporal vegetation ‘change’.

Two vegetation index (V1) algorithms are to be produced globally for land, at launch
One is the standard normalized difference vegetation index (NDV1), which is referred to
as the “continuity index” to the existing NOAA-AVHRR derived NDVI. At the time of
launch, there will be nearly a 20-year NDVI global data set (1981 - 1999) from the
NOAA- AVHRR series, which could be extended by MODIS data o provide a long term
data record for use in operational monitoring studies. The other is an ‘enhanced
vegetation index (EVI) with improved sensitivity into high biomass regions and improved
vegetation monitoring through a de-coupling of the canopy background signal and a
reduction in atmosphere influences. The two Vis compliment each other in global
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Figure 3.1.2a: Cloud of reflectance points in NIR-red waveband space for agricultural
crops observed throughout the growing season.
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Figure 3.1.2b: Cloud of reflectance points in Nl;-ved reflectance space from Landsat

TM for a wide range of land surface cover types.

In both cases there is a lower ‘baseline’ of pixels close to the 1:1 line, representing
the lower boundary condition of vegetation. This baseline boundary condition can be
further extended to include water targets (dark), snow backgrounds (bright). soils with
variable mineralogies and litter and detrital material at variable stages of decomposition
(bright to dark) or incorporation into the dark soil humus pool. The basic premise of the
lower baseline is that only non-phatosynthetic targets with low contrast in the red and

So, some documentation of this indicators same like ISRO we did. You click it, there is a
PDF which opens up, about the satellite, about how it is being used, etcetera. There you go.
So, we have all the resolutions and then a big report on how this data was taken, the

reflectance of red, percentage of reflectance and what it means.

So, if it is water, how much reflectance it is and then grass, how much reflectance it is. So,
you have cloud reflectance points in an IR spectrum from landsat and different land use land
cover types. So, you have different reflectances based on the land use land cover types. So, a

lot of lot of these are done.
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by the term “vegetation isoline”™ and may be derived via canopy radiative transfer
models and/or observational data sets. Vegetation Index isolines, on the other hand,
represent all combinations of red and NIR reflectance responses resulting in the same
Vi value. These are the model parameters which dissect the pixel data structure into
various levels of vegetation amounts. They create the “gray levels” of the vegetation
index from low to high. The concept of isolines essentially connect radiative transfer
theory with vegetation indices and provide a basis for decoupling atmosphere and
background signals from the vegetation signal.

3.1.1 Theoretical basis of the NOVI

The NDVI is a ‘normalized” transform of the NIR to red reflectance ratio, pru/pres ,
designed to standardize VI values to between -1 and +1;

“@

Itis functionally equivalent fo the NIR to red ratio and is more commonly expressed as:

NDW:EJ X'j I )

= MODISVIATBD

ion isolit ion in R

Yoshioka et al. (1999) presented a technique to derive vegetation isoline equations
in red-NIR reflectance space for homogeneous canopies. They utilized a canopy
radiative transfer model, known as the Cooper-Smith-Pitts model (or the adding method
applied to the canopy reflectance modeling), which takes into account muitiple
interactions of photons between the canopy and its background surface. The higher
order interaction terms between the two layers are truncated to derive a linear
relationship of the red and NIR band reflectance. The technique consists of two model
simulations, one with a perfect absorber as canopy background and the other with an
arbitrary background to estimate the canopy optical properties necessary for the
determination of the isoline parameters. These cases were independent of the canopy
background optical properties for any specific site, hence, the results can be used for
any type or series of background conditions to construct the vegetation isoline equation.
The isoline equation and derivation were found to be useful for further study of two-
band Vs and their variation with canopy background (Yoshioka, 1999).

We first define the red and NIR band reflectances from the coupled canopy-soil
system of layers as p, and p, respectively. We also define the pure canopy
transmittance and reflectance of the two bands. For the radiation coming into the
canopy layer from the upper surface, the downward transmittance and upward
reflectance are represented as 1, and p, where J represents the band indices N

And NDVI has been taken as this one, same thing NIR minus red by NIR plus red, basically,
from the following equations. So, if you want to theoretical knowledge about NDVI, you can

look at this also.
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Then when you do it, please, cite it. There is a lot of information that has been used about the
satellites where it has been placed, data calculations, estimations, those kind of things.
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References, again you will have multiple references for this data set and then data calendar.
So, the data calendar gives you on which month, which date the the mission was taking data
and then it also shows you that there are, if there is any data gap because of instrumentation
etcetera, they will show you that in the data gaps, if needed. So, how do you access this data

that is another question people need to ask.
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. Data contiaue to be free
GTSDISC &

s FIP are advised to review the How to Download Data Files from HITPS Service with woet

1¢ 10 authorize NASA U'I}UN. DAIAARCHIVE' application.

Name Last modified Size

& A ey Waining v x| & (IS IS Climswy: Gomarei e X o

A X

€ 3 C 0 e dscgicnmagon

i S

L ——

Shortname:  MOD

Longname:
Dok 10
Version: 005
Format:  HD!
Spatial Coverage:  -180.090.0,1800.90.0

Temporal Coverage: 28

File Size: 1 MB per fie
Data Resolution
Spatial:  1°x1

Temporal: 1 month

So, there are 2 types given in this particular data set. Not a all data set have 2, some may have
4 or 1, depending on the storage. You can click on first open archive data. This is a folder

kind of data, which means you will go here and just click, click and then take the images out.

Instead of downloading it from the drawing, the box and then taking it out, you can just go to
the data set. So, for example here, we know that this data is from 2000 to 2016. So, when you
did online archive, this comes up. And it is open source. It is secure system, anyone can
download it. How to download files from this https service, you can read and understand. I

will just show you a quick demo.
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Onxce registered,

vou can clck here to autborize NASA GESDISC DAIAARCHIVE' application

Name Last modified Size
o Parcnt Directory -
(i B0 2016052
(i LT 20160525 1533 -
02002 2016-05-25 15:33

2016-05-25 15:33

2016-05-25 15:3;
20160525 1533 -
2016-05-25 15:33
2016-03-25 15:33
2016-05-25
20160525 1533 -
2016-05-2515:33
2016:03-25 1533
20164
20160525 1533 -

20160

2016-05-25 15:33

1

2022-08-16 18:35 19K
D8-16 18:35 12K

aoicac

Stemzmiy, &

stems; (4) all devices and storage media attached to this network o to any
compuler on this network; and (5) cloud and remote information services. This information system is provided for 175, Govemment-suthorized use only. You have no reasonable
expectation of prvacy regarding any communication transmitted through or data stored o this information system. At any time, and for any lawful purpose, the U.S. Government
may monilor, nlercept, scarch, and scizc uny communicalion or dsta trnsiting, stored on, or traveling o or from this information sysicm. You are NOT authorised to process
classified information on this information system. Unauthorized or improper vse of this system may result in suspeasion of Joss of access prvileges, disciplnary action. and civil
andor criminal penaliics.

Acoess 10 GES DISC data requires all users to be registered with the Earthdata Login system. Data contigue to be free of charge and accessible via HITPS. Ac
available. Detsiled instructions on how fo register and receive authorization to access GTS DISC data are provided here.

10 data via anoaymous F1P 1

GES DISC Users who deploy scripting methods to List and download data in bulk via anonymous 11 ace advised to review the How to Download Data Files from HIIP'S Service with woet
recipe that provides examples of GNT wael commands for listing sndt downlouding datu via TTTTPS,

Once registered, you can click here to authonze NASA GESDISC DAIA ARCHIVE' application.

Name Lastmodified Size

P

5 README MODIS VI 1deg

rent Direclory -

f 2022-08-22 18:32 17K

NASA Web Privacy Policy and Important Notices
e

the GES DISC Help Desk by clicking this link

# reason gesdic.cosdisnasa gov/data/V

Gridded MODIS land cover product

Gridded MODIS vegetation indices product for northern Eurasia

The gridded MODIS vegetation indices product presents gridded statisical summaries of
standard 0.05 CMG ODIS Terra Vegetation Indices Monthly product MODI3C2 (Huete et al,
2002) collection 5. The productis intended for usc in Giovanni system focused on regional
(NEESPI) analysis of surface processes and climate modeling. The vegetation indices product is
gencrated at 1 degree spatial resolution yearly starting from 2000. The product is geacrated from
the 0.05 degree Climate Modeling Grid global coverage product

File naming convention
VLCMLYYYYMM.CCC. hdf
Where V1 is the identification of the Vegetation Indices Product
M1 indicales Climste Modcling | degree grid
YYYY is a four digit number for year (¢.g. 2003)
MM is a two digit number for month (¢.g. 01)
CCC is a three digit number for MODIS collection (¢.g. 005)
.. VL.CMI1.200101.005 hdf

File format

Formal:




VLCMLYYYYMM.CCC. hdf

Where V1 is the identification of the Vegetation Indices Product
M1 indicales Climale Modcling | degree grid
YYYY is a four digit number for .. 2003)
MM is a two digit number for mo 201)
CCC is a thee digit number for MODIS collection (¢.g. 005)

g VI.CMI.200101.005 hdf
File format

Formal

Duta type:
Dimension:
Resolution:
Upper keft corner:
Fill Value:

Products description

The gridded MODIS land cover product includes 4 datasets representing mean vegetation indices
and percentages of fill values and cells with high quality obscrvatioas of the original 0.05 degree
input cells within | degree cells.

The gridded MODIS land cover product includes the following datasels:
SDSI - mean NDVI

SDS2 mean EVI

SDS3 - percent fill values

SNS4 — percent GOOD guality data

€ 000 mngsdscoodsnango

= Gridded MODIS land cover product

and i\‘xcmu_u\s of fill values and cells with high quality observations of the original 0.03 degree
impul cells within | degree cells

The gridded MODIS land cover product includes the following dausets:
SDS1 mean NV}

SDS2 mean EVI

SNS3 - percent fill values

SDS4 - percent GOOD quality data

Mean NDVI

Simple mean NDVI (Normalized Difference Vegetation Index) was calculuted from MODI3C2
sds| CMG 0.05 Deg Monthly NDVI only for cells within valid NDVI range. Cells with

Fill_Values were ol included in the unalysis. The dataset s produced with fll global coverage
T.and'water mask is accepled from the original dataset resolution 0,05 degrees. Girid cells with
00 land surfoce are assigned the * FillValue™ 10,

Here, there is no login needed much, you can see. So, from 2000 to 2015, 2016, there is
folders. So, folders are kept for the data and you just click on a particular year. So, let us say,
I am going to go 2009 and when you click 2009, what happens is there is a readme file.
Before | will just show you, there is a readme file, these things, to show what this data is

about.

Read me. So, readme means it is a metadata about the data. So, you can just click on this. It
will open the Modis, what these products are, file format, resolution, everything is given
which is like the metadata for you. And then it says sdsl means NDVI. So, the product, if you

want to download.



So, when you download this data all of it will come out but you want to only use the NDVI.
So, for which you say | just want SDS1. So, all these are included. So, if you go back. I
accidentally closed entire thing but I will open it. Open online data archive and then you can

see all the folders.
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Name Last modified  Size

Shortname:  MOD
Longname:  MODIS
Do 10
Version:
Format:  HOF
Spatial Coverage: -180.0,60.0,180.0,90.0

Temporal Coverage: 20

File Size: 1

Data Resolution

Spatial: 17 x1

Tempors: (Y

Science Focus Areas.

Amosphenc Composion
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I have clicked on 2009 and you can do the hdf. So, that is the format, file format, grided
format which is available. You can just download all of it if you want, but I will just show
you the convention how it is given MODV!I is the name MOD VI. And in the MOD VI, we
have a 2009 01 00 01 is the month. So, you have the month given as January and then 005 is

the level of the version, the version of the data.



So, maybe they would have added multiple criteria to clean the data, new algorithms,
improvement. Because they do not stop with version 1. So, they make it better every year. So,
we have version 5. So, all you could see is they go year, month and date. Since, Modis is a
monthly data, as we could see here, it is at monthly resolution, there is no point of putting a
date. So, they do not put a date.
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Name Last modificd  Size

Shortname:
Longname:
pok: 10
Version: 0
Format:  HDF
Spatial Coverage: -180.0-900,180.0,90.0
Temporal Coverage:  2000-02
File Size: 1 MB per f

Data Resolution

Spatial:  1°x1

Temporal: I::

Science Focus Areas.

Aimospheric Composiion
v
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So, this is just the XML file. It will just populate here the XML file if you need it, but if you
want this, just click on it. It will ask you to download. First you have to sign, in login and
then you download. So, and then you can just put it on your GIS database platform and then
you can model it. So, this is the raw data that comes out and in the raw data, they have also
made these documentation for NDVI data.
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The GES DISC migration t

Explore...

£ Data Collections

Visualize Data @' Access GIS

b the cloud is happening now. Learn more about it!

In the next lecture, | will start with the visualization of GES DISC. So, | will just keep it here
ready for you. You can also play with these 2 links. But we will start with the visualize data
and then we will also clarify on Sentinel Hub which is also a good beautiful data set platform
that we can use but mostly for European satellites. They do have NASA satellites but they
want to promote the COPERNICUS system. The COPERNICUS is a database for European

satellites.

So, with this | will see you in the next lecture but feel free to go and look at these different
data collection, how to do it, image gallery and then Mission guidelines. Mission is the
satellites and then see the recent news on how these data sets have been used widely,

globally, etcetera.



So, we are talking about the highest downloaded data set in the world. The most used data
sets in the world are from NASA and it is for all. So, a lot of collaborations are there between
this data set and a lot of countries including India and so, please, feel free to use it and | do
like the catalog level.
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And then also you can limit to what temporal resolution you want. If you do, if you want
temporal resolution at even 99 minutes, these are model versions, do not worry about it. 3
hours are there, 1 day. So, | would say 7 days onwards is really good because every day
taking and data set is not important for rural development. 7 days to 15 days is good and then
15 days, monthly, annually, seasonally is there. So, you can see from here. So, you have a
monthly, these 2 are also monthly. Then you have quarterly, then annual, 6 years, 8 years, 36
years, diumal.
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So, you also have the project which satellite you want to use. You can pick from satellite
missions that are there landsat, aqua, Discovery Satellite Systems, etcetera, GLDAS. These

are projects.
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And then the processing level. As | said there are multiple versions and levels. The source of
the data. These are the satellites themselves. So, you have NASA drove, NASA and then
resourcesat would not be here but it was not the other NASA webpage.
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And then we have the measurement. As | said, you can take the measurements, what you

want to measure. Soil, infiltration is also part of your soils that we use or subjects.
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Subjects. If you click vegetation, you see what vegetations they have and in the vegetation
index you will have here. So, what measurements they have also here. All these are
vegetation. And then you can see, you can find find, sort them here by for example, let us

say, you can click on more, all the measurements come up.

So, | will say vegetation cover, vegetation index, vegetation water content is what | need and
then | close this. Then now only these are filtered. Initially, there was 36 more interesting

data sets. Now it is reduced. Let me reduce it further by saying that resolution.
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Come down, here you have resolution. And | want only monthly. So, if I click monthly, only
14 datasets will come. So, this is how you could reduce the number of data sets you want and
then filter it and use it for your analysis. So, this | will stop here | have given you an
introduction of this website and how it could be used what type of data, | will see you in the

next class. Thank you.



