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Rainfall Information

We need observations of the rain that is falling so our
model can produce runoff in response to the rain
« We call this rainfall “forcing”

Rainfall is typically measured using rain gauges (point
measurements), but we are using distributed
hydrological models so we need distributed rainfall
information

Satellites to the rescue! Satellites can see clouds,
cloud top temperatures and in some cases cloud
structures
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Satellite Meteorology

Two ways for satellites to observe rainfall information

Passive

Instrument is only receiving information; think of this as being in a
well lit room

Infrared measurements from GEO satellites or microwave
measurements from LEO satellites (TRMM Microwave Imager)

Active

Instrument transmits information and then receives information in
return; think of this as using a flash light in a dark room so you can
see

Examples include precipitation radar on TRMM, GPM
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Satellite Meteorology

Passive measurements can occur over many
wavelengths; this reveals different information in each
spectrum

Infrared spectrum is used to derive cloud top temperatures

Then other relationships relate cloud top temperatures to
rain rates
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Satellite Meteorology

Passive measurements can occur over many
wavelengths revealing different information in each
spectrum

Multi-channel microwave measurements to see through
cloud layers v/

More complicated relationships
between brightness
temperatures and rain rates

TRMM calibrates microwave
measurements to precipitation
radar measurements

Typhoon Nesat Threatens the Philippines”, available at pmm.nasa.gov/mission-
updates/trmm-news/typhoon- -nesat-threatens- -philippines, April 2015
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Satellite Meteorology

Measurements made on geosynchronous satellites
Pros:
« Rapid updates (~1-15 minutes)
« Good resolution (~1-4 km?)
« Good coverage (nearly global)

Cons:
« Cannot see through clouds
* Precipitation may not be reaching the ground!
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Satellite Meteorology

Measurements made on low Earth orbit satellites
Pros:

« Multiple wavelength measurements can often measure
through clouds to the ground

« Better resolution (<1 km?)

Cons: .‘
« Long revisit time (~hours to days) \’T‘ )

* Incomplete global coverage ,4%5.,_&
 Narrow swaths

“About TRMM”, available at trmm.gsfc.nasa,gov/overview_dir
background.html, April 201
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Satellite Meteorology

Let’s combine LEO and GEO measurements!

Tropical Rainfall Measurement Mission — Multi-Satellite
Precipitation Analysis (TMPA)

Uses many passive microwave satellites with probability-
matching to the core TRMM satellite

Gaps in LEO satellite coverage filled with data from GEO
satellites
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TRMM Multisatellite Precipitation Analysis
TRMM stands for Tropical Rainfall Measurement Mission
Available every 3-hours, on a 0.25° x 0.25° grid from 50°N to
50°S
Also known as “TRMM RT” or “TRMM real-time”
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Alternatives to “real time” data
If you are doing historical work and want better precipitation
estimates, there is a gauge-corrected TMPA product available

3-hourly estimates summed to monthly, rain gauge data
accumulated on 1° x 1° grid for a month (TMPA bias-adjusted and
3-hourly products are rescaled)

Also known as “TRMM V6~ or “TRMM V7”
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So how do you get TMPA data?

NASA’s servers

Real time feed:
ftp:/Armmopen.qgsfc.nasa.qgov/pub/merged/mergelRMicro/

Older data:
ftp://disc2.nascom.nasa.qov/ftp/data/s4pa/TRMM RT/TRMM 3B42RT.007/

Gauge corrected product:
ftp://disc2.nascom.nasa.qgov/ftp/data/s4dpa/TRMM L3/TRMM 3B42/
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Potential Evapotranspiration

“Forcing” isn’t just precipitation — the model also
needs to know how much water is lost to the
atmosphere due to evaporation and transpiration

Important for droughts and water resources
management
* Not so important for rainfall-driven flooding events

* We prefer to use monthly averages because this greatly
reduces data requirements for running hydrological
models

« This means one set of 12 files (one for each month)
fulfills the PET requirement for running the model
anywhere in the world
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Potential Evapotranspiration

We use global monthly mean PET

« They cover the world, from -180 to +180 degrees
longitude, and from -90 to +90 degrees latitude

 The daily PET is calculated on a spatial basis using the
Penman-Monteith equation

* Then this data is standardized in accordance with the
Food and Agriculture Organization’s published research

« The actual data is produced by the U.S. Geological
Survey and the U.S. Agency for International
Development

http://earlywarning.usgs.gov/fews/downloads/
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Visualizing Precipitation and PET

Open QGIS and go to “Layer” - “Add Layer” - and
“Add Raster Layer...”

Navigate to \EF5 training\data\PET and add
test pet.asc
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Visualizing Precipitation and PET

Now from

73

Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help

B3O 0D Q |
Vel adit o e < IV -

0.61152

=- ¢ B test_pet
0.00095712
0.290087

M.
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%
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QGIS 2.6.1-Brighton

= v

a

Processing Toolbox )63

Recently used algorithms
Pit Remove
49 D8 Flow Directions
g4 D5 Contributing Area
7 & GDAL/OGR [34 geoalgorithms]
& GRASS commands [168 geoalgorithms]
o Models [0 geoalgorithms]
Orfeo Toobox (Image analysis) [82 geo
7 QGIS geoalgorithms [85 geoalgorithms]
11 && SAGA [227 geoalgorithms]
Scripts [0 geoalgorithms]
B4 TauDEM (hydrologic analysis) [26 geoalg




Visualizing Precipitation and PET

You can right-click on either
layer, select “Properties”

== and then in the “Style” tab,
" select “Singleband
pseudocolor”
| Il
Play around with the color
L . . options until you feel
B comfortable that you can
tell what’s happening in
'z. ‘=z  both the precipitation and
o wew = PET grid

i Hep
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Visualizing Precipitation and PET

W Band rendering

Think of looking at the PET as a sort of  ww e s -
“Sanity ChQCk” Band Band 1 v | [ Generate new color map

Color interpolation Linear v - PuRd v Invert
£ ‘ ‘ -= ‘ ‘v‘ ‘ o ‘ ‘ ‘ H‘ Mode Equalinterval v Classes 10 :
777777 Min | 0.00095712 Max ' 0.290087
‘ Value | Color | Label ‘
] - ] ] N
This is a grid from January, summer in co5us co5ues | e
» 0:097334 0:097334 MO
t h S t h H h t h 0.129453 0.129453 Estimated cumulative cut of full extent.
e Southern Hemisphere, so the sun oes
I = h = h th d P ET h Id 0.225836 0.225836 Load min/max values
ang e IS Ig er ere an S ou gggggg; gggggg; ® Cumulative 2.0 : a0 : o

count cut

be higher, too
Sure enough, that’s what | see

You can use the “ldentify Features”
tool to click around and prove it to o
yourself, if you want 2> \2
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W Band rendering

You can also play With the Render type  Singleband pseudocolor v
colors in the precipitation file ... ) Generate newcoor map

Color interpolation Linear v . YiGn . Invert
‘T;‘ f‘ ‘;‘ ‘j‘ ‘7‘ ‘Q‘ Mode ' Equalinterval | v Classes |13 &
L] L] —J L _JL_Ju _J__JL_L )
| right-clicked and selected T (e | welo

(11 H bk 0.000000 L 117010015 s R -
P rO pe I‘t | es 0.050960 0.050960 Cassiy
0.101920 0.101920 B ek ik
0.152880 0.152880
0.203840 0.203840 Estimated cumulative cut of full extent.
0.254800 0.254300
0.305760 0.305760
Then | used a yellow-green o so7ead g rosd v
e 9y = 0.458640 0.458640 Cumtélaﬁ\t/e 20 2| -l980 |2 %
0.509600 0.509600 count cu
YIGn” color map, and right- _
clicked on the color for R o i

values of 0.000000 v

L 4
Opacity 0% 5

HTML notation | #ffffcc

You can turn “Opacity” to S
“0%” so that the areas where
precipitation is zero L

Cancel

disappear from the map
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Looks like what we would expect precipitation systems to
look like, so that’s a good thing!
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Example 2

Let’s get our precipitation and PET data ready for use in
the Bogota River example
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Unzip Precipitation and PET

In \EF5_ training\data\PET, you have a file called
bibimo.zip
- Right-click, and click “Extract All...”

« Extractto \EF5_training\examples\example2\pet
‘ -

1, Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

C:\Users\raceclark\Desktop\EF5_training\examples\example2\pet] Browse...

C:\Users\raceclark\Desktop\EF5_training\examples\example2\basic
C:\Users\raceclark\Desktop\EF5_training\examples\example2\obs
C:\Users\raceclark\Desktop\EF5_training\examples\example2\output

C:\Users\raceclark\Desktop\EF5_training\examples\example2\pet
C:\Users\raceclark\Desktop\EF5_training\examples\example2\precip

C:\Users\raceclark\Desktop\EF5_training\examples\example2\qgis

Module 2.3 / Rainfall and PET



Unzip Precipitation and PET

* Aiopesoa®

You should see this pop up after the unzip process is

complete:

(N AL = | pet
“ Home Share View
T » EF5_training » examples » example2 » pet » v & Search pet
- Favorites Name . Date modified Type Size
Bl Desktop bibimo 5/21/2015 213 PM File folder
4 Downloads
NANES bibimo
“ Hong Share View
(—\ v » EF5_training » examples » example2 » pet » bibimo
v Favorites Name Date modified
Bl Desktop % __| PET025.01.bif
& Downloads || PET025.02.bif
<! Recent places || PET025.03.bif
|| PET025.04.bif
1M This PC || PET025.05.bif
m Desktop || PET025.06.bif
‘| Documents || PET025.07.bif

& Downloads || PET025.08.bif

Module 2.3 / Rainfall and PET

- o N

Type

BIF File
BIF File
BIF File
BIF File
BIF File
BIF File
BIF File
BIF File

Size




Unzip Precipitation and PET

In \EF5 training\data\TRMM, you have a file called
trmm2002.zip
« Right-click, and click “Extract All...”
« Extractto \EF5_training\examples\example2\precip
* This process can take a while

3 7% complete

!, Extract Compressed (Zipped) Folders

Copying 2,920 items from trmm2002.zip to precip

Select a Destination and Extract Files 7% complete ayox

Files will be extracted to this folder: Speed: 10.2 MB/s
C:\Users\raceclark\Desktop\EF5_training\examples\example2\precip ]
C:\Users\raceclark\Desktop\EF5_training\examples\example2\basic

C:\Users\raceclark\Desktop\EF5_training\examples\example2\cbs Name: 3B42RT.2002012821.7R2.bin.gz

C:\Users\raceclark\Desktop\EF5_training\examples\example2\output

C:\Users\raceclark\Desktop\EF5_training\examples\example2\pet

C:\Users\raceclark\Desktop\EF5_training\examples\example2\precip
C:\Users\raceclark\Desktop\EF5_training\examples\example2\qgis

Time remaining: About 2 minutes and 30 seconds
ltems remaining: 2,698 (771 MB)

@ Fewer details
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Unzip Precipitation and PET

You should see this pop up after the unzip process is

complete:
N AU = | precip - o IEN
“ Home Share View O

T » EF5_training » examples » example2 » precip v ¢ Search precip L
S Name : Date modified Type Size s
B Desktop || 3B42RT.2002010103.7R2.bin.gz 5/13/2015 5:12 PM GZ File 261 KB
4 Downloads || 3B42RT.2002010106.7R2.bin.gz 5/13/2015 5:12 PM GZ File 280 KB
i<l Recent places || 3B42RT.2002010109.7R2.bin.gz 5/13/20155:12PM  GZFile 291 KB
|| 3B42RT.2002010112.7R2.bin.gz 5/13/2015 5:12 PM GZ File 291 KB
1M This PC || 3B42RT.2002010115.7R2.bin.gz 5/13/2015 GZ File 275 KB
m Desktop || 3B42RT.2002010118.7R2.bin.gz 5/13/2 GZ File 305KB
‘| Documents || 3B42RT.2002010121.7R2.bin.gz 5/13/20 GZ File 291 KB
& Downloads || 3B42RT.2002010200.7R2.bin.gz 5/13/2 GZ File 313KB
o' Music || 3B42RT.2002010203.7R2.bin.gz 5/13/2C GZ File 280 KB
=| Pictures || 3B42RT.2002010206.7R2.bin.gz 5/13/2015 GZ File
# Videos || 3B42RT.2002010209.7R2.bin.gz 5/13/2 GZ File
== Local Disk (C:) || 3B42RT.2002010212.7R2.bin.gz 5/13/2 GZ File
|| 3B42RT.2002010215.7R2.bin.gz 5/13 GZ File
€l Network || 3B42RT.2002010218.7R2.bin.gz 5/13/2015 5:12 GZ File
|| 3B42RT.2002010221.7R2.bin.gz 5/13 GZ File
|| 3B42RT.2002010300.7R2.bin.gz 5/13/2 GZ File
| | 3B42RT.2002010303.7R2.bin.gz 5/13/2 GZ File
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The PrecipForcing Block

Open control.txt in EF5 training
\examples\example2

In the PrecipForcing block, we see

e The name of the block is TRMM

TYPE is TRMMRT (This depends on
what type of precipitation you’re
using, so if you use the gauge-
corrected TRMM data instead, you
would put TRMMV7 here. For a full
list of options, see the EF5
Readme included in the training
materials)

*  UNITis mm/h (millimeter per hour;
these are the units of the
precipitation data)

*  FREQ s 3h (every three hours; this
is how frequently new precipitation
files are available)

Module 2.3 / Rainfall and PET

| control.txt - Notepad
File Edit Format View Help

[PrecipForcing TRMM]

TYPE=TRMMRT

UNIT=mm/h

FREQ=3h

LOC=precip\
NAME=3B42RT.YYYYMMDDHH.7R2.bin.gz

[PETForcing FEWSNET]
TYPE=BIF

UNIT=mm/h

FREQ=m
LOC=pet\bibimo\
NAME=PET@25.MM.bif




The PrecipForcing Block

. LOCis precip)\ (thisis where the
precipitation files are located relative to
the control.txt file)

. NAME is 3B42RT.YYYYMMDDHH.
7R2.bin.gz (The naming scheme of
the precipitation files_ must include date
and time information, so that EF5
knows when in the simulation the
precipitation occurs. YYYY translates to
a four-digit year, MM to a two-digit
month, MM to a two-digit day, and HH to
a two-digit hour. So the final file names
are 3B42RT.2002010103.bin.gz,
3B42RT.2002010106.bin.gz, etc.,
and sure enough, these match what we
see in the screenshot below)

En precip
“ Home Share View
T » EF5_training » examples » example2 » precip
B Name Date modified
B Desktop || 3B42RT.2002010103.7R2.bin.gz 5/13/2015 5:12 PM

& Downloads
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| control.txt - Notepad
File Edit Format View Help

[PrecipForcing TRMM]

TYPE=TRMMRT

UNIT=mm/h

FREQ=3h

LOC=precip\
NAME=3B42RT.YYYYMMDDHH.7R2.bin.gz

[PETForcing FEWSNET]
TYPE=BIF

UNIT=mm/h

FREQ=m
LOC=pet\bibimo\
NAME=PET@25.MM.bif

|| 3B42RT.2002010106.7R2.bin.gz 5/13/2015 5:12 PM

v ¢ Search precip
Type Size
GZ File 261 KB
GZ File 280 KB




The PETForcing Block

In the PETForcing block, we see

« The name of the blockis = , controltxt - Notepad - © HEM
FEWSNET File Edit Format View Help

[PrecipForcing TRMM] A

 TYPEis BIF (thisis a binary TYPE-TRMMRT
version of an ESRI ASCII grid) | treoa"

LOC=precip\

e UNITIismm/h (mi”imetel’ per NAME=3B42RT.YYYYMMDDHH. 7R2.bin. gz

hour; these are the units of [PETForcing FEWSNET]
the PET data) eeere

FREQ=m

*  FREQ is m (every month; this is || toczpet\bibino,
how frequently new PET files [ ™™ ¢
are available)

 LOCis pet\bibimo\ (thisis
where the PET files are
located relative to the
control.txt file)
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The PETForcing Block

NAME is PETO25.MM.bif (As with
precipitation, the naming scheme

of the PET files must include date | _ comoNetepee
and t|me |nf0rmat|on, SO that EF5 | [PrecipForcing TRMM] A

knows when in the simulation the | i

precipitation occurs. MM translates || [oc2mecin
fo a two-digit month, so the final NAME=3B42RT.YYYYMMDDHH. 7R2.bin. gz

file names are PET025.01.b1if, [PETForcing FEWSNET]

TYPE=BIF
PET025.02.bif, etc., and sure ;’:;;;m/h
=m
enough, these match what we LOC=pet\bibimo\
. NAME=PET@25.MM.bif v
see in the screenshot below)
N AU = | bibimo - o IEN
m Home Share View 0
(—w - 1 » EF5_training » examples » example2 » pet » bibimo v ¢ Search bibimo P
- Favorites Name Date modified Type Size
B Desktop || PET025.01.bif 3/23/2013 6:59 PM  BIF File 3,376 KB

& Downloads || PET025.02.bif 3/23/2013 6:59 PM BIF File 3,376 KB

SN . ~———
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The Gauge and Basin Blocks

In the Gauge block, we see

« The name of the block is
PuentePortilo

* LON should be -74.6 (thisis

. |3 | Lixt - - o lEN

the longitude of the gauging S

station in degrees, wher_e [Gauge PuentePortillo] ~

degrees west are negative; LOK=-74.5

. LAT=4.45
remember we Used th|S 0BS=obs\puente_portillo.csv
I I H BASINAREA=6000.00
longitude in QGIS in Module OUTPUTTSoTRUE
2.2)
L. [Basin Bogota]

*  LAT should be 4.45 (this is the || cauce-puenteportiiid 5

latitude of the gauging station in
degrees, where degrees south
are negative; remember we
used this latitude in QGIS in
Module 2.3)
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The Gauge and Basin Blocks

*  0BS should be obs
\puente portillo.csv (thisis
the file path to the observations
relative to control.txt; from
there, you enter the obs folder
and then see £l control.txt - Notepad - B x|

puente por\tj_]_]_o.csv) File Edit Format View Help
. [Gauge PuentePortillo] PN

BASINAREA should be 6000.00 | (on-72.6
(this tells EF5 the approximate | LAT-4.45

0OBS=obs\puente_portillo.csv

value to search for in the FAC BASINAREA=6000. 00

grid when finding the gauge OUTPUTTS=TRUE
outlet, in km?) A
© OUTPUTTS should be TRUE (you || GAUsE=PuentePortilld :

can run EF5 for multiple gauges
simultaneously by adding
additional Gauge blocks to the
control file; this option tells EF5
which sets of results to actually
output to file )
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The Gauge and Basin Blocks

In the Basin block, we see
 The name of the block is

Bogota

. £ control.txt - Notepad
GAUGE ShOU|q be ] . File Edit Format View Help
PuentePor‘tlllo (thlS IS the [Gauge PuentePortillo] A

LON=-74.6

name of the gauge block to || tat-s.55

0BS=obs\puente_portillo.csv

be included in this Basin BASINAREA=6000.00
blOCk) OUTPUTTS=TRUE

[Basin Bogota]
GAUGE=PuentePortillol
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The Gauge and Basin Blocks

| control.txt - Notepad

Basin blocks are not physical basins; they = s fm v e

[Gauge Ex1] A

are just a collection of gauges that you want | wi--.

LAT=45.00
EF5 to model together OBS-obsext csv
OUTPUTTS=FALSE

[Gauge Ex2]
LON=-74.6

Multiple Basin blocks are possible; each

0BS=obs\puente_portillo.csv

gauge must be included in a Basin block

OUTPUTTS=TRUE

[Gauge Ex3]
LON=-64

EF5 then has a Task block (which we’ll get 085 —abe\ex. cov
to in Module 2.4), and in that Task block, OUTPUTTS-TRUE
you can tell EF5 which Basin block to model | e e

LON=64

LAT=32
0BS=obs\ex4.csv
BASINAREA=45000.00

one flnal Comment on the Gauge and Basin OUTPUTTS=FALSE

blocks: you do not need to use the actual []
names of the gauges or basins over which

[Basin Bas2]

you are modeling cAUGE et
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Additional PrecipForcing Options

In TYPE 6 values are possible: 3

File Edit Format View Help

[}
ncols 124
This is the ESRI ASCII grid format, with header as || [0 ... 1505
shown = yllcorner -30.083333333333
cellsize 0.125
° NODATA_value -9999
9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
Float32 GeoTiff gnd -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
[}
TRMM real-time binary format grid
TRMM 3B42V7 HDF5 gnd | control.txt - Notepad = T | x|
File Edit Format View Hel
® [PrecipForcing TRMM] i A
. . ) i TYPE=TRMMRT
Multi-Radar Multi-Sensor binary grid (generally only || -
used in the USA) LoC=precip\

NAME=3B42RT.YYYYMMDDHH.7R2.bin.gz

[PETForcing FEWSNET]

In UNIT, you can use y for year, m for month, d for | v~

. UNIT=mm/h
day, h for hour, u for minute, and s for second, FREED totaon
along with m for meters, cm for centimeters, and mm || mve-perozs.m.oss .

for millimeters
Numbers are also allowed before the time, like mm/3hr
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Additional PrecipForcing Options

In FREQ, you can use y for year, m for
month, d for day, h for hour, u for
minute, and s for second

) | control.txt - Notepad = o IEE
Numbers are also allowed here, like 3h | f. i romet view e
[PrecipForcing TRMM] A
TYPE=TRMMRT

UNIT=mm/h

In NAME, the available date and time FREQ=3h

LOC=precip\

COdeS are NAME=3B42RT.YYYYMMDDHH. 7R2.bin.gz

[PETForcing FEWSNET]

YYYY for year (like 2014, 2015, etc..), TYPE=BIF

MM for month, DD for day, HH for hour, | meom
LOC=pet\bibimo\

UU for minute, and SS for second NAME=PET@2S .M. bif v
(each running like this: 01, 02, 03 etc..)

Do not use YYYY, MM, DD, HH, UU, and
SS in the filename outside of marking
the appropriate date and time
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Additional PETForcing Options

In the PETForcing block, three TYPE
values are available:

[ ] Eile Edit Format View Help
ncols 124
. . . nrows 144
This is the ESRI ASCII grid format, Al1corner 11.025
. yllcoTner -30.083333333333
with header as shown - cellsize | 0120
-9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
[ -9999 -9999 -9999 -9999 -9999 -9999 -9999 -9999
A binary version of the ESRI ASCII
grld format | control.txt - Notepad = o IEE
File Edit Format View Help
® [PrecipForcing TRMM]
TYPE=TRMMRT

UNIT=mm/h

Float32 GeoTiff grid [oCopracio

NAME=3B42RT.YYYYMMDDHH.7R2.bin.gz

[PETForcing FEWSNET]
TYPE=BIF

UNIT, FREQ, and NAME operate e

LOC=pet\bibimo\

identically to the PrecipForcing block |“™ ™
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Additional Gauge Options

In the Gauge block, there are some other options available:

These are the x- and y-coordinates of the gauge in the topographical files
instead of LAT and LON

This is actually optional, but recommended, as EF5 will search the
topographical files for a nearby FAC cell corresponding to the area you enter

Tells EF5 to output the time series for this gauge
Tells EF5 to do data assimilation for the gauge
Tells EF5 to include the time series in a combined output file

For OUTPUTTS, WANTDA, and WANTCO, values of YES, NO, TRUE, and FALSE
are allowed. WANTCO defaults to NO and the others default to YES
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The Bottom Line

EF5 will tell you if the control file has a problem

If a file is missing, or a file path is incorrect, or a part
of the task block doesn’t match the rest of the control
file, etc., you will get an error that should identify
where the problem is

Then open up your control file and try to fix it!

Control file errors are there to help you, so always
remember: don’t panic
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Coming Up....

The next module is
Automatic Calibration

You can find it in your \EF5 training\presentations
directory
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