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Lecture no. 05
Intro to Remote Sensing Data for Rural Development:
NASA datasets for soil moisture and climate

Hello, everyone, welcome to NPTEL course on Remote Sensing and GIS for Rural
Development. This is week 3, lecture 5. In this week, we have been looking at different

remote sensing products, both Indian and overseas like US, NASA datasets that can be used

for Indian regions.
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+» NASA's Goddard Earth Sciences Data and Information Services Center
(GES DISC)
https://disc.gsfe.nasa.gov/
+ Earth Data

https://www.earthdata.nasa.gov/

- A

+ Giovanni
https://disc.gsfc.nasa.gov/information/tools?title=Giovanni
+ Earth Explorer

https:/ /earthexplorer.usgs.gov/

NASA EARTHDATA

D)

In the last lecture, we have looked at NASA’s GES DISC data set, whereas you also have

Earth Data and Giovanni, Earth Explore. Every single link has its own tutorials online, |
would recommend you to take those because it gets updated by NASA often, since you are
using the data, it is always good to take the tutorials from there resource also. Here | am

introducing that for Indian regions.
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In the last slide, we have the last lecture, we had looked at the data that is available for water
resources and we looked specifically on rainfall and then we looked at the resolution of
rainfall, soil and climate. Here you do not get soil type in this data set, you will not get a soil
type, but more different depths of soil, moisture, see the Indian data set where mobile driven

data set it was one value of soil moisture the units were meter cube by meter cube.

Here the units will be kg meters per kg meter square. Either way, this unit less because the
top and the bottom numerator denominator will cancel each other. So, the point, here is you
will find different data sets at different resolutions, more importantly you will find that
different depths. This was not readily available for the Indian data sets 1. And number 2 is
maybe you will not be getting me recent datasets here you can even get yesterday’s data and
then you can work on some algorithms models or you can go to the village and then look at

some areas of interest.

Whereas a google data set it is having a time lag which means there is a time difference from
when you can access the data. The other part we look at is the resolution, the resolution is
much, much higher better in this data set because they have more sophisticated instruments
and data processing systems the data is at a higher spatial and temporal resolution compared
to the Bhuvan once.

Again, the Bhuvan ones are not purely driven by India data sets it does have a collaboration
of different NASA sentinel and other data.
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So, let us jump into the accessing the data set again, | will share the website we already had
looked at the previous class which is the GES DISC. Here | also wanted to give you some
input on the different tools they have. So, | will click the Giovanni, GIS and the link that we
have Earth Day data US GES Earth Explorer.
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So, these | did not cover the previous one so let us look at Earth Explorer. | can the login is
the same but we could just log in once again. One Login is enough for all the login systems
now it is getting logged in. So, it is multiple logins that been where so | have to first go to

through response. So, it is already here my Hi, Pennan.
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So, launch Giovanni. You come to Giovanni tool It is a tool that helps you simple, intuitive
way to visualize, analyze and access the data. So, let us look at it. And you can make these
plots readily time average map, seasonal time series, and then scatterplot, correlation map etc.
So, as | said, we need a seasonal time series or a map correlation, comparison between maps
we can do. So here, | have a scatter, plot time average interactive, we will be doing a seasonal
map, which is not available for we will do animation. Also, let us do an animation, 365 by

time steps, so daily, you can do so let us do 2022, Jan 1 to December end.

So, if you are making a presentation, for an entity etc, you can do this quickly. We have the
bounding boxes, but again, just click it hold on to the mouse and draw the box, you can close
this box. And then let us say we want evapotranspiration. So, one of the parameters in the

model that we need to use for role water resource management and rural development is



controlling the evapotranspiration. It is a loss out of the system? So, you need to make sure

you reduce it.

So, the units is kg per meter square, very similar to millimeters. So, let us say that we are
going to do an hourly, monthly daily, I think daily would be better. So, let us do the daily one
here. But the date is not available. So, this has end dates to 2022 from 2000 and then total
evapotranspiration daily. And then there is a monthly so let us do the monthly and then go to

results where you are so it has plotted the results well.

So, for the box that we have made, it has downloaded the data, you can go to back to Data
Selection and do the animation. So, this is, it has no data for this so you can select this
bounding box, which is good. Plot data does not do 2022. So, let us stop here. But | have
shown you how to take data at different time steps and then do an animation all we can do a

time average map we do not need a map we need a time series.

So, you can say a time area average differences or just a time series, recurring averages for
Indian region and for that particular date, it does struggle a little bit. That is good. Now the

start date must be 2016 12 13 or earlier for the given data set. It is not letting us do it.

(Refer Slide Time: 09:00)

© NASA(N S ISE Mty s X o

W\ FARTHDATA

GIOVANNI 15 12 and Sclenca WAdE Fooctack Holp  Logcul {psenn)

Soloct Date Range (UTC) Salact Region (Bounding Box or Shape)

Select Variables

¥ Observations ‘Number of matching Variables: 0 of 1085 Total Variable(s) inchuded in Plot. 2
Mo (1 L Swarch | Cinar

Kepword

dia 0 0

» Measurements

Qi Responsible NASA Officiel dogela i Privcy  PoweredBy A ContoctUs
Web Curstor: M Heode




RO 2| (44080 tonbs Lhawnd X ¢ S NASAGIS IO Mt ke X 4 .
G0N & govnmigalcasa gov/giovnmi/isenice. ArkvsSutart 010110000002 Knd ey

W FARTHDATA Find a DAAC +

GIOVANNI e 51i6ge Between Dt and Science w4 Feedback Help

Kugword | Rana Sewch | Clowr
Vorkabie Source  TempRes.  SpatRes. Begin Date  End Date

:‘,“[: Monihly 12 19790101
g ; TRMM [ 1080101 2019424

Vi and Enaegy Cycse Rale  (TRMM 3842 Dalyv7)

Not-Rual T Prociplatior

Rale (TRMM 384

¥ Platform / Instrument Raintall ania

FLOAS NOAHOOY G CA € 2 Dty 20004001

» Spatlal Resolutions Mo

» Measurements TRMM o 20000301

» Temporal Resolutions Pracipilation  (TRMM 1842 h TRMM Whotly 2 19671231
» Wavelengths swoncd (MO gmast | AEOA oy DX qom0atan
» Special Features NOAS

» Portal 0) i Mode

MERRA

Monthly . 10800101 202211
Monthly

Responsible N
Wed

S st

(O ———————— TT——

@ FARTHDATA Find a DAAC + R e
GIOVANNI 11 516ge Between it and Sience v Feodback Help  Log out (pennan)

MOAS
MO Moatiy

MZTMNXOCN Maathy 10800101

ool (MZTANXINT

Monthy “ 19800101 2022130

] T Mooty K 10800101 2022:4130
Liquid peocioitation

»0)

NLDAS

prove 10700100 20224201

flos 20004001

i)
Dl decummyed preciptaton

00 microwvo R catimat o
ExtvRun (GPA_AMERGDE y08)

Responsible N ool Aogelali  Privacy  Powered By A Contact Us
Web Curstor: M Hegde

S e X | & (I b e
@0 & giovanni gsknass gov/giovanni/sservice - ArAvTskstarti 01 0110000:00280r ) 123495928bbor - 1

W FARTHDATA Find a DAAC +

GIOVANNI 1he 5 etweent o Feedback Help  Log out (pennan)

- History

X Cancal | o,
2. Time Series, Swarching for lime chunk 1 of 1 for Raintall lhax monibly 0.1 deg. [FLDAS Mol FLDAS NOAHO! CP GL M 01| kg me2 51
Aroa-Averaged

+ X 1. Time Averagod Map

Privacy  Powered By A Contact Us
Acknowledgment Policy  JEEECRERILEL




So, let us just refreshing then you can also select between model or observation data so you
have your model and observation data. Observation data is also good. We can definitely look
into multiple, multiple factors. So, let us not do evapotranspiration, we can do rainfall, so
rainfall does take up, so I will just take these two out. And then precipitation rate or you want

to precipitation millimeters per day, or millimeters inches per day you can select on those.

Let us do millimeters per day. But we do not have the data that long. So, let us come down to
the data set that comes in 2022. This one has so you can always look at the model in what
models they are use FLDAS monthly. So, it is now running the data, evapotranspiration was
tricky, so, we will just ignore that, but we are just looking at a time series of average area

average.

So, for a particular area what is the time series of the data? So, that is what it is calculating

now, and | hope we did India part. So, let it come Yes.
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click on a sample plot Image below to load the plot criterla Into Glvoanni

and generate the plot for yourself

Scattor Plot Correlation Map

ding time-averaged map, area-averaged time series, scatter plot, difference time

So, now you have a time series of rainfall data and the units you can double check at what
units you want you just have to double change the units into your particular unit but the dates
are correct Jan to Jan the user selected this bounding box and for that bounding box you have
types is of data so, it has the date and for that region, what is per day what is the average? It
plots plus plus. Here it is monthly Jan, Feb, March you can see the monthly average rainfall,
it could be average it may total rainfall also, time series is area average rainfall flux monthly.
So, all these data you could download.

Again, this is not a per point so you can only download as an image and put it in here values
so that for at reason we do not normally take time series data, but you can always take a map
and then from the map you can extract the data. So, all these can be done. Correlation maps
can also be done.
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Earth explorer is also quick that you can do analysis and stuff. You can actually look at the
data set here. So, it is the same thing data set search, search for rainfall. Or you can actually
click these images and see where you want. Let us do Landsat, Landsat is the land use land
cover of our radars for the soil moisture, but we can do the Landsat. Landsat Dynamic surface
water extent you can like similarly to the previous exercise, you can actually give date, date
range and location where you want the data to be mapped. It is searching so let it search,

while we come back here.
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So, that is one we are going to go into now the Browse by Category and measurement. And
we want soil moisture index. Let us see what all the soil we have roots zone soil moisture.

And we also have soil moisture. So, let us just click add soil moisture.
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So, there is one data set 36 years time resolution, just the whole from 1979 to 2015. Let us
click at, as a dataset, but it does not have India, we could see that it is only for US. So, we
will not be able to use this data set. So, we can go back here and first let us put the bounding
box click on this square rectangle, draw the box, hold on the mouse click and then hold on the
mouse and release.

So, maybe | will do it again. You can clear we mark this just escape or we do it again. So,
press this box cancel, press and then draw hold this click left in the pointer left arrow key and
then draw a box and then leave it, the new box will be overlapped. Or you can put the

numbers here which is also correct, available date is full. So, let us do that.
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Time series again let us just pick one year we do not want such a big year. You can click the
years the years will come. We want to 2022 let us just use 2022. Jan 1 to December 31. Here
there is no enter button so do not worry about it just click somewhere outside it will come to
make sure you can click the data again. The date data is has been stored, the map data has
been stored and then click back, you can click back or click back here it will remove the

image.

Now, what you need to do is we are going to look at climate variables which are your

precipitation your snow cover evapotranspiration etc.
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So, you can actually take the measurements go here and say | need soil, moisture or you can
have root zone moisture and these are properties soil porosity or properties. So, you can have
root zone soil moisture and close. So, automatically it poplins it and there is a data range that
is given up to March is good groundwater and soil moisture conditions for GRACEDADM,
etcetera. You might see only the US regions in some but it does have all the regions because

you have given the condition like that.
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When you click search we did not specify it here. So, let us double check the date it is fine.

area is fine. So, soil moisture, normally | use this one let us use a NOAH is the model. So,
GLDAS NOAH is a land driven model and it has all the parameters that are required for your
hydrological water balance. So, I will just show you by clicking this and then see what data is
available. Data citation documentation, references data calendar from which year to which

year it has been taken. And what type of format the data is stored.
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NetCDF is a particular format where multiple images are kept in one file, you will have to
physically click and open each file. For now, do not worry about it, because you will also be
able to download single file by just putting a single time series. Since we have put a multiple
time series all the data will be put in one file. But for you normally how I do it is just take one
data and then delete it.

So, you can read here about the data and what are the products it gives. You can go to the
online archive, you can go to web services, you can open data, all these, these required some
coding, so do not worry about it if you do not know. But Earth data search is good and

Giovanni is also good.
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So, here | have clicked the desktop based data acquisition, and you can click the year folder
always the year month and date, so year month and date and the version is given. So, you can
see how all the data is being stored for December and only available on 22. But here you
have the data for 2016 01 02. So, the first date is missing but the other dates are there. So,
these are monthly, so you can get the monthly 1 23456 7 8 9 10 11 12. So, monthly
estimates are there.
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So, in the third data, you can click here and say Export Data as CSV or JSON. You can also
view the data as a list or table, you can click the data to understand more about the data you
will see like there are a lot of collections. So, this is what | said each one is each month. So,
this is 2022 9 months and this is the eighth month seven months so you can only download

this if you want, or you can add the data to your whole download.

So, for example, if | click here only that single granule or single image will be downloaded.
So, let us close this for a minute. And you can see here behind it is being populated the data
all the data that we took for the entire globe has been populated for GLDAS NOAH. And you
can actually edit it for just your data timeframe. So, here again, you will have to put the
timeframe. We have said 2022 Jan, first up to 2022 December 31. Apply.

So, now it will get updated and you can also create an area of interest. And you can compare,
compare the features between two to Grands two to two images. Good. So, what we need is
you can download it as a month. So, this is your data you have downloaded, or you have
asked Giovanni or data to say, | want these data, right? You can actually play with the slider

and say, | know | want only this month and it gets updated.

So, each month, you can look at the data using the slider, you can click the month, you can
click the days if you want the day, a particular day you want you can take and you can take it
off, if it is too much, taking your time, so you can also use all these tools, but do not I will
say, do not get distracted by all the tools all you want is to download the data so that we can
export it in the QGIS.

In one of the experiments coming soon, we will teach you how to use QGIS, download a data
of particular data. So, we will not go searching like how we did searching here, this is just for
you to introduce the buttons, where you can click what you can do let me close it just for the
internet. And you can also download the data. So, all this we have seen here is the same data

as | said and you can have in multiple multiple formats.
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So, as | said | need only soil moisture for a particular zone you can click here go to results it
will plot. So, it will be very carefully looking at how to download the data in different
formats like here download as GeoTIFF, KMZ, PNG and NetCDF here. NetCDF will pull all
of it together whereas GeoTIFF, KMZ PNG each date, each date is a single file.
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So, we have one through the GLDAS GIS and etcetera. So, whatever you want in terms of
data you can type here if it is there, it will come. Be very, very careful in accessing the
resolution you want. You want a monthly do it here click it will be 3 hours every 3 hours it
gives data. Spatial resolution will be bigger to course compared to a smaller resolution time.
So, that is a given time if you have daily you can have a very focused pixel, but if you have 3
hours then the pixel is too big this is 25 by 25 Kilometers.

So, you have to understand, do | want a 25 by 25 Kilometers or 10 meters resolution if it is 10
meter | will make this one. So, this is kind of very, very high resolution, spatially and you
have one day. So, one degree is 100 kilometers, right? And 0.25 is 25 kilometers, here it is
0.01. So, you should be able to get high resolution imagery data with this and very, very new
date, but the time, the time resolution is only once per day. It is not every day, so it is not

every hour 3 hours like that we can take data.

So, with this I will stop with the NASA site the data and other things. Now let us go into the

remaining part of the presentation.
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So, to analyze all this data, what do you need? You need a software and that is a GIS
software. So, | will be introducing GIS concepts in the next lecture onwards. What is GIS?
Why do we need GIS and within the GIS we will be using only two formats? It is a vector
format or a raster format the data and we need a platform or software that where we can put

the data and analyze it and that is a QGIS software that we | will be teaching.

QGIS is the open source GIS software. Normally GIS software is very very expensive if you
buy the proprietary software, but open source software is good. So, I will be introducing GIS
in the next lecture series week. Today, | want to give you in the remaining five minutes, what
is this software so that you can start downloading or | will have a session on downloading

rules.

So, you can go to this link to download the software, let us let me take you to this link. So,
what you will find here is the project, first, let me open the project, project based website., so
just type QGIS, Google search, you will find this one or you can have this link, it does get
updated. So that is why | have kept it. So, you will have all these QGIS about and who runs

the system, | will give you the presentation also the details.

But most importantly, you will find all the people that are using this software here and it is
even the space agencies of European nations use this because it is very very expensive to buy
the software and only some people are using it if you make it open source and lot of people
take part in building the software then everyone can use it and that is the model they use. So,

very nice model very futuristic model thinking of every every student.

For example, IIT professors are given this the same course | give for IIT students. So, the
same course is now available for every student to NPTEL. So, similar to that here it is open
and free, they do not get some donations or project money, but it is kept open for free for

everyone. So, the link I given is to download. So, you can download now, the new version.
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The new version is here, it always says the newest version is 3.28 but you will always go for
the most stable version. So, it is 3.22 which is lesser than 3.28. But it is more stable, which
means all the errors, bugs, everything is taken care. Any software if it is new will have some
issues and errors. And that is what a beta version we call here the beta version is 3.28 the one

which is a newest which is rich in features, but still it is not stable, it may crash.

So, the 3.22 LTR is the best current resolution. And for different operating software’s Mac,
Linux, BSD tablets, you have different software’s to download, let me go back to the

presentation. So, what we did is this is the logo of QGIS and how it has evolved.

+ Gary Sherman began development of Quantum GIS in early 2002
» Under General Public License

» Versatile - runs on Linux, Unix, Mac OSX, Windows and Android
» A live and vibrant QGIS community exists
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Overview of QGIS it was first started by Mr. Gary Sherman. In early 2002. Not too long ago,
it was created under the Public License general public, anyone can use it and very versatile
runs on Linux, Unix, Macs or office windows Android, any software, | always this QGIS has
been propelled to be useful. As I said, when you talk about satellite launches, and using
supercomputers, you cannot put up proprietary software because it is heavy. And each time

you have to update it.

Whereas this open source, you can run it and then take the software out again upload it again
and then use in multiple systems. So, the computer has multiple nodes, you cannot put the
software on every node. So, here if it is open source, you can definitely populate every
normal software. It is alive and vibrant community. Why is this important? Because you can
post a question ask answers and they will communicate with you in a very lively fashion. So,
right now we have the chat GPT going on. It is like that you go there you type a question.

And then come back a day or two later someone will be answering those questions.



And these are driven by volunteers. So, no one gets paid for answering the questions. But
they do it so that everyone learns the software. So, many public and private agencies have
initiated QGIS, including the US National Security Agency, the Austrian state of VVorarlberg,
Swiss regional agencies in Glarus and Solothurn, New Zealand’s Land Information public

service department, so all of them are using QGIS.
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And this is how the interface looks like you have a good real estate real estate means an area
for putting the maps adding the maps and then | adding layers for analysis. Here is where the
information of the layers come across. So, here is where you put down the data. And here is
where the data information is stored. And then all these are tools, the tools that help you to

navigate and do the analysis etcetera.

| have been using the previous versions because with each version update, not many tools are
getting updated. So, | prefer to use a stable version 3.28 is the newest as | said, but 3.22 is the
most stable version. So, | hope the link I have given you. You will be using for downloading
and installing QGIS. We will again try to have a hands-on session on how to download and
install QGIS because it is going to be very important for the later part of the course. | hope
we will get you all using this QGIS software. With this, | conclude today’s lecture. I will see

in lecture, week 4. Thank you.



