NASA Remote Sensing for Flood Monitoring and Management April 18-20, 2017
NASA ARSET Dewberry, Fairfax, VA

Exercise 1: Precipitation and QGIS

Infroduction

Most NASA Earth observation data, including precipitation and soil moisture, is
available in HDFS5 file format. Giovanni allows users to access NASA Earth data in more
formats, including NetCDF and GeoTIFF. NetCDF and GeoTIFF are both formats that
can easily be used in GIS applications. This exercise will use QGIS, since it is an open
source GIS program.

Objectives
By the end of this exercise, you will be able to:

e Subset, analyze, and download GPM IMERG precipitation data using
o Giovanni, the Precipitation Measurement Missions (PMM) - the
Precipitation Processing System (PPS) data archives
e Import precipitation data into QGIS

Part 1A: Subset and Analyze GPM Daily Precipitation Data Using
Giovanni

Case Study: Heavy Rain in California During January 2017

e (Go to Giovanni: http://giovanni.gsfc.nasa.gov/giovanni
e On the Giovanni page you will see the following options:
o Select Plot: allows selection of analysis options
o Select Data Range: allows selection of a time period
o Select Region (Bounding Box or Shapefile): allows selection of a
geographic region by latitude-longitude, map, or shapefile
Keyword: Search data parameter by keyword
Plot Data: located on the bottom right of the page, starts action to make
desired plot

Select Plot

(*) Maps: Time Averaged Map ¥ ] Comparisons: Select... ¥ Vertical: Select... ¥ Time Series: Select.. ¥ Miscellaneous: Select... ¥

Select Date Range (UTC) Select Region (Bounding Box or Shapefile)

YYYY-MM-DD HH:mm at: West, South, East, North
= to - - = Show Map
Valid Range: 2015-03-14 to 2017-03-02

Please specify a start date
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Enter the following options:

e Keyword:
o Enter IMERG, then click Search
o Select Daily IMERG — Late Run, Daily Accumulated Precipitation

Number of matching Variables: 20 of 1639 Total Variable(s) included in Plot: 1
Keyword : IMERG Search = Clear
Variable Source Temp.Res. Spat.Res. Begin Date End Date Units
SRS o e o -
o Select Plot Select Plot
o Next to Maps, select Animation | © Maps: Animation* ¥ |
e Select Region (Bounding Box or Shapefile):

o Select Show Map I

o Draw a box, zoom in, and pan the map using these icons ~—— s

o Draw a box around California, or enter longitude-latitude:

-136.0,32.0, -114.0,44.0
» Note: west longitudes and south latitudes are negative,
whereas east longitudes and north latitudes are positive

o Click on Show Map to see the region
Select Date Range (UTC)

o Enter 2017-01-06 and 2017-01-11 for January 6-11, 2017

o Click on Plot Data (at the bottom right of the screen)

o After a few minutes, you will get an animation window
Observe the animation a few times, then step through the frames one at a time
e You may want to use Options (on the top right) to change the scale
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& Download # Options
Daily accumulated precipitation esimate e R i deg [GPM GPM_3IMERGDL v03] mm \
Start animation G A S R .

Options allows for
choosing scale

Step through and colors

frames

Frame control
and selection

- Selected date range was 2017-01-06 - 2017-01-11. Title reflects the date range of the granules that went into making this result.

e Based on the rainfall animation, answer the following questions:

1. Note down the date when the rain system first arrived over California from the
Pacific Ocean

2. From the color table on the right, note down the maximum rainfall range (e.g.
100-150 mm or >150 etc.) for this date

3. How does the rain system move (approximate direction) after this date over the
state of California?

Part 1B: Accumulated Rain from January 8-10, 2017 Over California

e Click on Back to Data Selection on the lower right-hand part of the screen

e Select the same IMERG data as in Part 1A: Daily Accumulated Precipitation
Estimates — Late Run Select Plot

e Select Plot: Select Maps: Accumulated [O Meps: Acounulaied ]
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e Select Region (Bounding Box or Shapefile):

o Click on Show Map and Enter California for the Shapefile
e Select Date Range (UTC):

o Enter 2017-01-08 and 2017-01-10 for January 8-10, 2017
e Click on Plot Data on the bottom right
e You will get a three-day accumulated rain map over California

—-Browse History

—.2. Map,

. Accumulated Map, Accumulated of Daily accumulated precipitatic

[GPM GPM_3IMERGDL
~User Input over 2017-01-08 - 2017-01-10, Shape California, Region 128

- Plots

--Lineage

. -Downloads
—!1. Animation
User Input
Plots
Lineage

--Downloads

130°00'W 125°00'W 120°00'W

Click on file links to download. Files contain data portrayed in the plot images.

NetCDF:
gd.accumulate.GPM_3IMERGDL 03 precipitationCal.20170108-20170110.128W 31N _112W_43N.nc

PNG:
gd.accumulate.GPM_3IMERGDL 03 precipitationCal.20170108-20170110.128W_31N_112W _ 43N.png

GEOTIFF:
g4.accumulate.GPM_3IMERGDL 03 precipitationCal.20170108-20170110.128W_31N_112W_43N.geotif

KMZ:
gd.accumulate.GPM_3IMERGDL 03 precipitationCal.20170108-20170110.128W 31N _112W 43N.kmz

1. Where do you see the areas with rainfall > 200 mm (approximate latitude-
longitude)?

e On the left you will see a list of options with Downloads options
e Click on Downloads
e You will get links to the files as shown above
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e By clicking on each link, you can save each file on your computer
Click on file links to download. Files contain data portrayed in the plot images.

ASCII CSV:
g4.areaAvgTimeSeries.GPM_3IMERGHHL 03 precipitationCal.20170108-20170110.128W 31N 112W 42N.csv

PNG:
g4.areaAvgTimeSeries.GPM_3IMERGHHL 03 precipitationCal.20170108-20170110.128W 31N 112W 42N.png

e Click on the NetCDF file and save it on your computer
e Click on the GeoTIFF file and save it on your computer

Select Plot

Maps: Select.. ¥ v v [O Time Series: Area-Averaged ¥

o Note: Both NCDF and GeoTIFF files can be imported into QGIS
e To view the KMZ file, you will need Google Earth installed on your computer

Part 1C: Precipitation Time Series

Plot a Time Series of IMERG Late Half-Hourly Rain Rates Averaged over California
for January 8-10, 2017

e Click on Back to Data Selection on the lower right-hand side of the page
e Go to Keyword and enter IMERG Late
e Choose the Multi-satellite precipitation estimate with climatological gauge
calibration — Late Run for half-hourly rain rate data
e Select Plot:
o Choose Time Series: Area-Averaged
e Select Region (Bounding Box or Shapefile)
o Choose the California Shapefile as in Part 1B
e Select Date Range (UTC) Select Date Range (UTC)
o Enter the dates from 8 January AL ki
2017 -01 -08 /|00 :00 | to |2017 -01 -10 ]|/23 :59
OOOO hour to 10 January 2359 Valid Range: 2015-03-07 to 2017-03-12
hour
e Click on Plot Data (at the bottom right)
e You will get a half hourly time series for three days (January 8-10, 2017)
e You can save this image by clicking on Image on the top right
e Click on the Downloads link on the left, and you will see the following options:
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¢ In addition to the .png image, you can download the time series as a csv file to
view in Excel

- Browse History 2 Image

—.3. Time Series,

Area-Averaged Time Series, Area-Averaged of Multi-satellite precipitation estimate with
User Input climatological gauge calibration - Late Run half-hourly 0.1 deg. [GPM
GPM_3IMERGHHL v03] mm/hr over 2017-01-08 00:00Z - 2017-01-10 23:59Z, Shape

Plot . . .
o California, Region 128.6719W, 31.8164N, 112.3682W, 42.2314N

Plot Options

Lineage 3 T I T T T I T T T I T
Downloads

—-2. Map, Accumulated
User Input

Plots

Lineage

Downloads

mm/hr

—}1. Animation
User Input
Plots
Lineage
Downloads

00z 127 00Z 127 00Z 127 00Z
8 Jan 9 Jan 10 Jan 11 Jan
2017 2017 2017 2017

e Based on the time series, write down the following:
1. Date and time for the maximum rain rate (see the csv file to get this information):

2. Maximum rain rate (with units):

Part 2: Import IMERG Precipitation into QGIS

e Open QGIS on your computer
e From the top menu bar click on Web, select Open Layer Plugin and select a
background map
o This exercise uses the plugin OpenStreet Map

QGIS Project Edit View Layer Settings Plugins Vector Raster Datab: m Processing Window Help Q8 P D3
800 MetaSearch » yon
B B E P O [S.0F 8 - Openlayers plugin Gl OpenLayers Overview
i @ P o i . E
48 40 B £ e e e eerice / About &
Home | - s ey @y @ = « | 2 OpenStreetMap >
Font | - v oo 111 S e e T LW .
*§ Google Maps » B
New Roman - 11 006 Layers Panel Bing Maps >
LU "“S_. @ ® ¥ & O MapQuest >
] = 3 0SM/Stamen >
[1 Apple Maps >
——a

AP HDHAHINL RS

<
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e Import the IMERG data using the Add Raster Layer button 'O

e Select the NetCDF file you saved on your computer from Part 1B: Accumulated
Rain January 8-10 (file type: .nc)

e You may have a Coordinate Reference System Selector box pop up. Set your
coordinate reference system to NAD83.

eo0e QGIS 2.18.2 - e1 |
DEOBRCGRKNSLL,ARPL R MBI & & K 6,0 0 B I »
% L ) o ¢ B = e % DB L
gtaNPREIZIISX S RPomn- EA L O o] Gay[ooioo
Q06 Browser Panel |
Ve LY ®*O
'Q » Project home

> Home

/ Favourites
& !

' > Nolumes
oV

3 pB2

@ » mssaL
Q06 Layers Panel

& «awy svd »
A7 ¥ s gd.accumulate.GPM... o
Vg 1l 3.05007
9 196.313

@ ¥ OpensStreetMap

Vav

e

SCPDOS | iuinn

Coordinate -14210710,3362460 % | Scale 1:10,452350 |iJ @ Magnifier 100% |- Rotation 0.0 -/ [ Render| ) EPSG:3857 (OTF) | | @

e You will see the raster layer displayed on the map. Zoom in on the layer using
the top menu bar on the window

e Click on Layer in the top menu bar and select Properties to edit the map
visualization and analysis

e From the left side menu, select Style

¢ In Render Type, select Singleband pseudocolor

e Choose a color table from Generate new color map

e Set Mode as Equal Interval

® @ ./ Layer Properties - g4 late.GPM_3IMERGDL 03| 1.20170108-20170110.128W_31N_112..

ccumulate.GPM_3IMERGDL_03_precipitationCal.20170108-20170110.128W_31N_112...

A v Band rendering
fons _ suff
ender type k
¥Pe | Sigeband pseudocolor :}“("["‘L MeX  Estimated cumulative cut of full extent.
Band Band 1
o Value <= Color _ Label
Min 305007 Max 196313 24
v Load min/max values 61
804
Cumulative A - %7
Ocountout 20 % - 1980 [T % 119
138
Min / max 158
177
Mo - - o e
standard deviation x 220 |'©
Load Accuracy | Estimate (faster) [
Clip extent to canvas -
Mode | Equalimerval [ Classes (10 | ¢
Interpolation  Linear H Classify & - ] B
Color E drren | Edit Invert Clip out of range values
: v Color rendering
Labol unit
suffix .
Blending mode ~ Lighten B 4 Reset
Min / max .
ol Estimated cumulative cut of full extent.
igin:
Help Sylev | | Apply Cancel | (OKIN Help Style Aoply Cancel  (UOKIN
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e Enter 10 intervals in Classes

e Click on Apply and OK

e Finally, from the left side menu, select Transparency and choose the
appropriate percent (50%) value of transparency to see the OpenStreet Map
under the precipitation layer

e You will get the precipitation map shown below:

=g : y e A
Layers Panel
%, T B 0

=0
(o]

v ™ B gdaccumulate.GPM 3IMER...

W 2.218230

[ 23.784316
45.350401
66.916487
88.482572
110.048658
131.614743
153.180829

W 174.746914

Il 196.313000

™ OpenStreetMap

Accumulated
Precipitation

NP EDEIN SN |

a e
Mexieal

© OpenSimaiMap contributors

e Zoom in on the map and write down the name of the cities with heavy rainfall
(>150 mm)
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Part 3: Download IMERG Data in HDF5 Format from PPS

e Go to the PMM access page: hitps://pmm.nasa.gov/data-access/downloads/gpm
e This site requires user registration via email
e You will see all the GPM data (Levels 1, 2, and 3) available on this page

¢ Lol shoud b setected by | el el Y

default 0.1° - 30 minute Gridded, 60°N-60°S, 6 hours (NRT  pFs NRT: FTP (PPS)*
March 2015 to / early run)
e Scroll down to see the IMERG present EInC B
Wordfile
data table Giovanni Giovanni
e You will see many options — SR e
HDFS Mirad
scroll down to the NRT/late run o
NETCDF Simple Subset
data Wizard
0.1° - 30 minute Gridded, 60°N-60°S, 18 hours HDFS NRT: FTP (PPS)*
e Many formats and source NAIEh 2015 80

present GISTIFF +  NRT: FTP (PPS)*

Wordfile

options are available

Giovanni Giovanni
e This exercise focuses on PSR e
downloading an HDFS5 file HDFS  Mirador

NETCDF Simple Subset
Wizard

e The last column shows an arrow

for DL (download) ST o s TS R FTe
e Choose the first option and click present fnal ) oo
on the DL arrow T el
e You can register now if you have s Resachsww
not so far S —
e You can also sign in with your Giovanni  Giovanni
email for both username and Ak EIET
password

e Once you login, you will see the IMERG Late directories by YYMM

e Goto 201701 for January 2017

e You will see links to all the IMERG half-hourly files

¢ You can download them all by clicking on the links

e Select the file that corresponds to the day, hour, and minute for the maximum
rain rate in the time series from Part 1C.

e Click to download and save this HDF5 file on your computer

e You will use a Python script this afternoon to read this file
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Optional Activity 1

e Go back to the Level 3 data table — the download options also include Giovanni
and Mirador. At your convenience you can explore all the sources available for
downloading data.

Optional Activity 2: Giovanni

e Instead of Daily Accumulated Precipitation Estimates in Part 1A choose the
half-hourly rain rate as in Part 1C

\ariahla Source Temp.Res. Spat.Res. Begin Date End Date Units

US_COUNTY_2014.zip
= -

e Choose the date when the rain system moved over California and animate using
the same procedure as in Part 1A, but by adding HHMM (00.00 to 23.59) to the
Date Range. This animation will show 48 frames and how the rain extent
changed during the day.

10



