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ABSTRACT

Aquarius/SAGD is a joint mission by National Aeronautics and Space Administration
(NASA) and the Comision Nacional de Actividades Espaciales (CONAE), Argentine

Space Agency. The satellite was launciredune 2011 and the prime remote sensing
instrument is also named Aquarius (AQJe main objective of this science program is

to provide Sea Surface Salinity (SSS) maps of the global oceans every 7 days for
understanding the Eafortabséssing loygam gldba glimate c y c | €
change.

The Aquariusinstrumentwa s bui It jointly by NASAGs Godc
the Jet Propulsion Laboratory. It is an active/passiahd remote sensor thaeasures
oceanbrightness temperature (Thihd radar backscatter, and these quantities are used to

infer sea surface salinity.

Other environmental parameters (e.g., sea surface temperature, wind speed and rain) also
affect the microwave emitted radiance or brightness temperature. Thge®plBysich

retrieval algorithm considers all thesmvironmentalparameters and makes the Tb
correctiors before retrieving SSSinstantaneous rd@l can cause increase roughness

that raises the ocean surface Forther fiort term rain accumulatiotanproduce dresh

water lens thigfloats on the ocean surface afitlites the surface salinity.



This thesis presentesults of astudy to develop ra oceanicrain accumulation(RA)
productthat may be valuable to remote sensing engineers and algorithm develogers
Aquarius scientistsThe use of thisRA product, along with in situ ocean salinity
measurements from buoys, mag used tomitigate the effects of raion the SSS

retrieval
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CHAPTER 1: INTRODUCTION

Aquarius/SAGD (AQ/SAC-D) is a joint earth science satellite program by the National
Aeronautics and Space Administration (NASA) and the Argentine Space Agency
(Comision Nacional de Actidades Espaciales) (CONAE). For the US contribution,
NASA served as the mission project manager, developed the prime remote sensor
instrument, also named Aquarius (abbreviated as AQ throughout this thesis), and
provided the launch from Vandenberg, CA ind@®11. For the Argentine contribution,
CONAE provided the satellite platform (known as SB{ and several secondary

instruments, which support the mission sci€dge

The main objective of this mission is to provide the scientists with long term, gicddel
salinity (the concentration of dissolved salt in sea water) which improves their
understanding of thee a r twatérscycle, ocean circulation and climaf2]. By
monitoring seasonal and intannual variation of Sea Surface Salinity (SSS), scientists
are able to understand ocean circulation and its relationship to climate and the global

water cyclg3].

AQ i s the f i rbased miksidhAocdoneasweISE ever entireegiotd its
operational life is three year#. provides monthly global maps &SS measurements
with high spatial (150Km) resolution and a precision of 0.2 practical salinity units (psu)

which is equivalent of a pinch (about 1/8 tea spoon) of salt in a gallon of water. This is a



very challenging task, which corresponds to measucimanges in the ocean surface

microwave brightness temperature (Tb) to about 0.1 KéfiJin

To support this ocean Tb measurement accuracy requirement, several ancillary
instruments, including the CONAE MicroWave Radiometer (known as MWR) have been
developd and installed on the AQ/SAD [5]. They provide Aquarius with additional
information about geophysical parameters (e.g. ocean surface wind speed and rainfall)
that are used to make corrections in the AQ ocean surface Tb measurements, which

results in mog accurate SSS retrievals.

1.1 Overview of Aquarius Instrument

The AQ is the prime passive/active microwave remote sensor for measuring SSS. The
radiometer (passive instrument) operates at 1.41 GHz and the Th measurements are used
to infer the sea surface saty. On the other hand, the scatterometer (active instrument)
operates at 1.26 GHz, ant$ role is to provide the tband radiometer with surface
roughness Tb correction in order to remove this (roughness) influence on the retrieval of

SSS A drawing ofthe AQ/SAGD observatory is shown iRigure 1.1[6].
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Figure 1.1: Aquarius instrument on t8AC-D satellite bus.

The observatory is an octagonal shaped spacecraft anthe®@Q instrument attached
The lefthandpart of Fig. 1.1 is th&AC-D service phatformwhere thescience instrument
provided by CONAE including MWR is locatedand he righthand side of Fig. 1.1 is

the AQ instrument.

1.1.1 AQ/SAGD Orbit

Aquarius/SAGCD flies in a sursynchronous polar orbit and crosses over the equator at 6
am (descendiy) and 6 pm (ascending) local tirtteatis calleda terminator orbit. In the
terminator orbit, spacecraft follows the sun by flyialgngthe boundary between day
and night.The AQ antennacollects energy while lookg at the dark side of thearth,

which minimizesunwanted solar energyaused by sun glirtff the ocean7].

The orbital parameters have been selected such that the entire extentred iceean
surface between +8Qatitude is observed. AQ/SAD flies in a circular low earth orbit

with an dtitude of 657 Km andhn inclination of 98°. Being sun synchronous, the orbit

3



precesses approximately one degree/day, hadotbital groundtrack repeatsexactly
(within a few km) after a period of 103 orbits (~ 7 days) which produces the global SSS

mapsonce a week7].

1.1.2 AQ Measurement Geometry

The AQ instrument looks to the night side (right hand side) of the satellitéraciin a
pushbroom radiometer configuration as shownfigure 1.2 [3]. The antenna hasree

beans that vary in earth incideneagles (EIA) of 28.737.8 and 45.6for inner, middle

and outer beams respectively. These instantaneous field of view (IFOV) produce spatial
resolutions of 79x94 Km for inner beam, 84x120 Km for middle beam and 96x156 Km

for outer beanj8].

Figurel.2: Aquarius IFOVsnd ororbit geometry.



Inner and outer beams are slightly aft of the cross track and the middle beam is slightly
forward of cross track. An example of the eday orbital coverage is shown in figure

1.3 wherethe AQ beamcentes are kown asseparate orbital traskThe three beams

form the AQ 390 Km measuremenswath and during the 7 day period they cother

entire the globeAfterwards the same orbit ground tracks are repeatedy 105 orbits

[9].

Figure 1.3: Aquarius orbits fane day.

1.1.3 AQ Instrument Description
The AQ antenna is 2.5 meter offset parabolic reflector with three feed hasishown
in Fig. 1.4. Each feed connects to a separate Dicke radiometer, but the scatterometer is

time sharedequentiallybetween hornglQ]. Because of the large antenna IFOV, there is



significant overlap between consecutive AQ Tb measurem#rasefore the result is
equivalent to simultaneous active/passivband measurements, which occur every 1.44

SecC.

Figure 1.4: Aquarius radiometarain reflector.

To prevent solar contamination, the AQ three horns point away from sun and to the right
hand side and perpendicular to the spacecraft direction of flight. They collect microwave

Tb emitted from oceans and send th&igaalsto three Dicke adiometers.

AQ L-band radiometers operate at 1.41 GBeing a protected Radio Astronorhgnd,;
this is the lowest microwave frequency tltain be used for earth observatioMore
importantly the ocean Tb athis microwave frequency exhibits high sensiyivto
changes insea surface salinity within the first cm of the ocean depthure 1.5

illustrateshow the measured Tlehanges withSSSat different sea surfac@hysical)



temperature (SST). Each curve correspaitb one specific SSS valuand br afixed

SST,theTb variesinverselywith SSSi.e., increasing SSS decreases the ocedd|Tb
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Figure 1.5: Dependence of AQ Tb on SSS and SST.

Further, there are other oceanic geophysical parameters that affect AQ Th measurements,
which must be removed fme retrieving the SS$11]. Of these, ocean surface wind
speed is the largest single error source for AQ SSS retrieval. The AQ instrument includes
an active microwave scatterometelnannelto make simultaneous radar backscatter

measurements to correctglmoughness error.



Another geophysical parameter that affects the ocean Tb is rain, and it is necessary to

study its impact in SSS retrieval algorithm. This is discussed in the following section.

1.2 Rain Impacts on SSS Retrievals

The effects of rain on thmeasurement of SSS are multif¢l®]. First,raindrops striking

the ocean increase the surface roughness, which raises the ocean sudadavfiich
results ina decreas ofthe retrieved SSSince rain is heterogeneous (transient) in space
and time, Bnultaneous rain measurements during the collection of Agand Th are

highly desirable.

Moreover over time periods of hours, rain accumulation can produce a fresh water lens
thatcanpar ti ally fAel ectr omagn d13]i Sinad feéslywatarass k 0 t h
less dense than the saline water it floats on the salt water and make a layer of fresh water
above the sea water. Eventually this fresh water will mix with sea water and dilute the
surface salinity. Diffusion of dissolved salt into fresh waied the mechanical mixing of

ocean waves eventually restore the ocean surface salinity in time. Thus this is a
complicated fluid dynamics process which is driven by the rain accumulation over an AQ

IFOV. Unfortunately the repeat period for spatial sangpls 7 days for AQ, which is far

too long to resolve this dynamic process. Therefore it is important that other ancillary
information on the rain accumulation (integral of rain rate) over each AQ IFOV be

provided.



1.3 MWR Instrument Description

To provide ths secondary information there is an ancillary instrument on AQ/BAC
named the CONAE MicroWave Radiometer (MWR)Y]. MWR hasthree radiometer
channels and 8 antenna horns per chatimattreates two sets of 8 IFOVs (8-#dbking

and 8 forwardooking of subsatellite point) which provides several spatially and
temporally collocated geophysical parameters that aid in the AQ SSS retrieval. The most

important of these parameters are the ocean surface wind speed and [ab) i&ie

Concerning the rainate retrieval, the MWR operates in the &d Kufrequency bands
(23.8 GHz and 36.5 GHz) that are very sensitive to rain over the oceans. In order to
provide AQ with rain rate information, it is important that the measurements be
collocated with AQ in spze and time. Figure 1.6 shows the overlapping MWR swath
with AQ in order to provide neaimultaneous measurements with Aghere theMWR

8 horn footpring overlapthe three AQFOVs[5].
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Figure 1.6: Aquarius and MWR overlapping swath.

The time differene between the MWR forward and aft beams measurasmisnt
approximately 4 minutes;0sAQ measuremestare + 2 minfrom the MWR whichis
essentially simultaneous over th60 kmAQ IFOV area. Therefor@earsimultaneous
measurements of environmental paramseseich as wind speed and rain @ieprovided

by MWR over AQ footprint.

As discussed above, in the short term (less than 24 hours) rain accumulation produces a
fresh water lens that dilutes the surface salinity. Over time, diffusion of salt into fresh
water and mechanical mixing by ocean waves will slightly restore the ocean surface
salinity. This process is scientifically importaas global salinity patterns are linked to

t he weart hos oeeanicevaporation cahdeprempftation. More evaponatio

increases th8SS angbrecipitation over ocearnswers theSSS.
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1.4 TRMM 3B42 Global Rain Product

To develop the AQain accumulatioproduct,we usedan independent, satellitkerived,
ocean rain rate product from the Tropical Rainfall Measuring MigSi&ftMM) [17]. We
selected the TRMM 3B42 rain rate product, which is 1g@lal rain rate data set that is
produced in 3 hour windowsThe 3B42 has a 0.2%0.25 spatial resolution and its

spatial coverage extends frarf(° latitude and:18C longitude[18].

The 3B42 rain ra, spatially and temporally collocated with each AQ footprintree
observation time (J), was usedo calculatethe instantaneous rain rafeo calculate the
rain accumulation (RA) i3 hourwindowsprior to T,, it is assumed that rairatevaried
linearly over the three hour interval between 3B42 snapshots, henalgorithm to

calculateRA is described irfChapter3.

1.5 Thesis Objectives

The objective of this thesis is to develop an A&n accumulationproduct, which

enhances the Aguyarus Sci ence Teambs ability to pr.
analysis of SSS measurements in the presence of rain. This data product will be a matrix
overlay of the AQ E2 SSS measurements data product provided by NASA. As such it

will have a format thais compatible with the 12 for ease of use.

This auxiliary data set of coll ocated rain

for severabpurposes, namely;

11



1. as a quality control flag to identify the rain accumulation for the previous 24
hours in 3hou time steps,

2. to allow SSS retrieval algorithm developers to examine the effects of
instantaneous and accumulated rain,

3. to provide an independent estimate of rain accumulation to evaluate the dilution

of SSS by rain fall

This thesis is organized in five @pters. Following this introductioGhapter2 provides

a description of the two different data sets that are used in this thesis. These include; AQ
level2 data and TRMM 3B42 rain rate product. @ihapter3 the digital processing
algorithm to develop th&®A product is described. The fourth chapter presents typical
algorithm results and anecdotal cases to validate the algorithm andAthmoRuct.

Finally in Chapterb, conclusions are presented and suggestions for future work are given.

12



CHAPTER 2: DATA DESCRIPTION

This chapter introduces two data sets that are used in this thesis to develam the
accumulation(RA) product for AQ. The first data set is AQ LeazlL-2) science data

that is generated from AQ instrument data telemetered from[3AThis contains AQ
microwave measurements along with date/time stamp and corresponding
latitude/longitude (Lat/Lng) coordinates of measurement locations and other auxiliary
data[19]. The second data set is TRMM 3B42 which is an independent sadeltited

ocean rain rate pduct. The 3B42 provides negrl o b a | Asnapshot-so of
hrs [17], and hese rain rates values are utilized to produde groduct over AQ

footprints (I FOVG6s) .

2.1 Aquarius L-2 Data

Aquarius -2 science data product, which is used in this thesigeision 1.3.1. These

archive products are produced and distributed by the NASA Goddard Space Flight
Centerds Aquarius Data Pr oc,axshewrgavailfless t e m (
to the general publithrough the Physical Oceanography Distributed VA&ctArchive

Center (PODAAC) at the NASA Jet Propulsion Laboratory (J20).

Each L:2 file contains data from one orbit that is defined as starting (and ending) when
the AQ/SAGD spacecraft passes South Pélglot for one -2 file is shown inFig. 2.1,

wherethe ascending passarts from the bottom right of the figuower Antarcticaand

13



continues to its northern mosatitude over the Arctic Ocean After this point the
spacecraft begins the descend pass moving southward until it reaches Antarctica. Note
the earth has rotated toward the east during the orbit psoidldat the starting point of

the next orbit moves westward

/ ;/‘.“(.\._‘w..-na*&v“m—m\"*u...,

Figure 2.1: An Aquarius orbit corresponding to one AQ file.

The L-2 datais atime-orderedmatrix of data vectors, which oacavery 1.44 secThe

data vectorgontain: observatiodata such agrbit#, date/time taganeasuredbrightness
temperature$¢3 beams)radar backscattéB beams)satellitesubpoint navigation data,
satellite attitude (roll, pitch and yaw) and orbithemeris.The data vectoalso contains
calculated data such as: AQ cycle#, AQ beam earth incidence and azimuth angles, beam
IFOV contour and center locations (Lat/Lngrinally, the data vectors contain

geophysical data from models, auxiliary data based the derive AQ science

14



measurementdhe composite 0103 orbits(L-2 files) comprise one AQ cycle, which is

the orbit repeat period that provides global covefagp

For this thesis, the following-R information is used:

1. AQ/SAC-D orbit#: sequentiaktarting at launch in June 11, 2011

2. AQ/SAC-D cycle#: Every 103 AQ orbits comprises one AQ cycle which is
approximatelyone weekduration AQ cycle number (cycle#y sequential from
the AQ instrument turon in August 2011

3. AQ IFOV center location (Lat/LnAg given by AQ beams (3)

4. AQ observation timé day of year and GM&t the end of the AQneasurement
time (1.44 sec)

5. AQ flagsi isur face <cl assi f i cbaervations oveotearm g s

land ice and mixed and data quality flags

2.2 TRMM 3B42

The ran rate values used in this thesis are provided by TRMM 3B42 prodbet.
Tropical Rainfall Measuring MissiofTRMM) is a NASA LEO (Low Earth Orbit)
satellitedesigned to measure rain fall in the tropics. The TRMM 3B42 rain product is a
nearglobal, earthgridded (0.28x0.25’ latitude/longitude)composite rain image of all

available rain estimates that occur within-adir window (eight 3B42 rain images/day)

[17].

15



These rain estimates, provided by both microwave and InfraRed (IR) remote sensors on
multiple cooperative satellites, are blended to form sgéaal (50 south to 50 north
latitude) rain image. The image is formed from all satellite rain estimates available within
a 3hr window centered on: 00, 03, 06, 09, 12, 18and 21 hours Greenwich Medn

Time (GMT). Because the rain estimates from microwave sensors are superior to those
provided by IR, when microwave are available, they are uBed.algorithm used for

production of 3B42 is explained below.

First, the microwave estimates of precipitatidrom the various satellites aross
calibrated relative to TRMM Precipitation Radar and TRMM Microwave Imager (TMI)
satellite rain retrievalsThis cross calibration to TRMM ensures a consistent, high quality
rain rate product that is independent af tibserving instrument. Afterwards, these rain
rate observations are combined to produce a global rainfall irflye2Z. When
multiple microwave satellite observations overlap spatially, then a weighted average is

calculated.

A typical 3B42 rain rateimage for only the microwaveradiometermeasurements is
shown in figure 2.2Light blue color shows the swaths of the microwave radiometers,
and the white color shows regions where no microwave measurements are avéaliable.
x-axis is longitude £180°) andy-axis is latitude £50°) and each rain rate image has a
spatial resolution of 0.250.25’, so each file is a matrix size of 4B440. In this figure,

rain rate in mm/hr is shown in color, and note that rain occurs over both land and oceans

however, forthis thesis, we are only concerned with ocean rain rates.

16



Figure 2.2Typical 3B42 ain image using only microwavadiometemmeasuremest

After creating the composite microwave rain image, the next step is to includie the
precipitation estimateswhich are also crosscalibratedto TRMM. Thus, the IR are
blended to fillin the gaps between microwave radiometer swa#i®y. Further, n
addition to the rain rate information, there is another field in the 3B42 product that
contains a corresponding quglflag that specifies which source (microwave or IR) was

used.

An example ofeight 3B42 rain rate images is shown in Fig. 2.3, where the rain rate in
mm/hr is shown in colorFigure 2.4 also shows the zoorAadview of one rain event

(shows in red circkein Fig. 2.3) for the same 3B42.

17
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Figure 2.3: Rain rate images for one 3B42fide00, 03, 0609, 12, 15, 18 & 2hrs
GMT.
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Figure 2.4: Zoomedh view of one rain event for one 3B42 filar 00, 03 06, 09, 12, 15,
18 & 21hrs GMT.
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A review of this time series of 3B42 images shows that rain heterogeneous in space and
time. Over the global scale, there appears to be significant correlation between rain
images; however, at the AQ IFOV scales (~100kihg¢re is considerable variability
between 3B42 images. For our purposes of creating aRA@roduct, a ihr temporal
sampling of the global rain field is desirable, but this is not presently available. In the
future, this will be provided by NASA Glob#&recipitation Missiorto be launched in

2016, which comprises a constellation of rain measuring satdl#&s Therefore, in
developing theRA product, it is necessary to performhggh temporalinterpolation

(every 15 minutes) over a 24 hr peridle asume that the rain rate at a given pixel
varies linearly in time between the 3B42 snapshots. This may not be true, but it is a

matter of necessity because the actual rainfall temporal variation is unknown.

3B42 data are accessed via NASA Goddard Earthn&ese Data and Information
Services Center (GES DISC) and they are accessible by using Mirador at GES DISC. The

3B42 products used in this thesis are in versif2dy.
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CHAPTER 3: RAIN ACCUMULATION ALGORITHM

This section describes the algorithm for producing anr&® accumulatiorproduct that
will be an overlay for theAQ L-2 SSS science datdhis means thateach AQ
observation(row of the file) contains the instantaneous rain rate (RR) and the rain

accumulation (RA) in eight-Bour windows for the previous 24 hsu

3.1 RR/RA Algorithm Architecture

The architecture of the RRA algorithm is illustrated in thBow diagram of Fig. 3.1.

The algorithm inputs are earth gridded (6:@525)) files for both AQ and 3B42 data.
The output of this digital processing algorithsrthe earth griddeithstantaneous rain rate
and therain accumulatiom ver t he three AQ beam | FOVO6s

12, 15, 18, 21 and 24 hours prior to AQ observation time.
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Earth grid AQ IFOV centefs

v

Determine the matrix elements that fall within the AQ IFO+

v

Perform time interpolation of 3B42 to the AQ observation t*ﬂe

v

Linear time interpolation of 3B42 in 0.25 hr time stgps

v

Calculate instanteous rain rate @ AQ observation tyme
and rain accumulation for 3 hour windows

v

the output to an "Overlay file"

Figure 3.1RR/RA algorithm flowchart.

3.2 RR/RA Algorithm Description

The first stepin this algorithmis to earth grid AQ IFOV centerand determine the
correspondingAQ observation time. Next, wadetermine the matrigearth grid)elements
that fall within the AQ IFOV which is illustrated in Fig. 3.Zhe red circleepresents the
AQ IFOV, which we approximate as 800 kmdiameter circlefor eachbeam. Thel3
blue squares represeiie earth grid(0.25'x0.25" boxeg that we select to calculate the

RR and RAThe redshadedox containshe center of the AQ IFOV.
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AQ IFOV

Figure 3.2:Spatial nodelusedto calculateaverageain rateandrain accumulatiorover
anAQ footprint.

Using the AQ observation timé& ), welinearly interpolate théwo 3B42rain rate which
bracket the AQ observation timgsing a 0.25 hr sampling intealy we select the closet
sample to be the Ainstant anteexarrespondingld3 n
IFOV pixels and perform an average (including zero rainsyaféhis is defined as the
Al nst amta meaweagedover the AQ IFO&NdIt is calculatedusingequation

3-1.

Qe i 0 WO WHWEDIAYY | YY

¢
<
-<

¢
<
<

p=xi

YY i YY i YYr YYj YY i YY ; YY ;
YY ; YY § Tpo (3-1)

Wherefiad and fibo are the indices of the pixel corresponding to ¢batreof the IFOV

(red box in Fig. 3.2)and the subscripts denote the matrix indices of theiddsp It

rat

should be n@@d t hat pixels containing fAboguso r
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Number , N A N0 . that the dénbniingator envEg-@Bwill be (13- # NANOG s )

because NANO6S are not i ncluded in the mean

Next, we repeat this prose to calculate the corresponding rain rate for the same 13
pixels for the previous 24 hours in 0.25 hour steps. Finally these are added in 3 hours
windows to find the corresponding RA over the AQ IFOV. The final output contains:
instantaneous RR and Rar 0-3hr, 0-6hr, 0-9hr, 0-12hr, 0-15hr, 0-18hr, 0-21hr ando-

24hr prior to the AQ observation time.

3.3 Example RR/RA Calculations for one cell

As discussed in Chapter 2, tBB42 rain rates are available everpi3Figure 33 shows

3B42 rain rate for on@.25°x0.25° pixel within a AQ footprint.

N W A OO

3B42 Rain Rate(mm/hr)

—
T
1

| I 1

6 9 12 15 18 21 24
hours before AQ observation time

OO
()=

Figure 3.3lInterpolated 3B42 rain rate every 15 minutes.
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Figure 3.3 presents original 3B42 rain rate evehy Bredasterisk and also interpolated

rain rates every 15 minutes (blue circlég).make the RAmorereliable it is desirableo
temporally sample theain rate inlessthan 3hr periods To achieve this, a linear
interpolation is applied to 3B42 rain rate every 15 minutes. As a result instantaneous rain

rates are available over AQ footprint every Gt2%0 calculatehe RA.

To calculateRA for previous3, 6, 9, 12, 15, 18, 21 and 24hr over each cela set of

formulas are introduced in E-2) 1 (3-9).

YO YY m™u Y T™u E Y TRuv (3-2)
YO YY m™u Y T™u E YY Tuv (3-3)
YO YY m™u Y T™u E YY Tuv (3-4)
YO YY mu Y Tmu E Y TR (3-5)
YO YY mu Y Tmu E Y Tgu (3-6)
YO YY m™u Y T™u E YY TRuv (3-7)
YO YY m™u Y T™u E YY Tuv (3-8)
YO YY mou Y mu E YY TR (3-9)

WhereRR is the interpolated 3B42 rain rate at &, 1 (i x 0.25hr).
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Figure 34 shows the 3B4RA over one AQ cell for the 24hr previous AQ observation
time for the same cell in serug plot. X-axis is the hours before AQ observation time

and Y-axis is the accumulated rain rate in logarithmic scale.

—_
o
N

Rain accumulation(mm)

Vo3 "6 9 12 15 18 21

hours before AQ observation time

Figure 34: 3B42 rain accumulation over one AQ cell.
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CHAPTER 4: RESULTS AND VALIDATION

In this chapter examples of RR/RA product are presented, and the validation procedure is

discussed.

4.1 RR/RA Results

In this section examples of RA product are presented for dpeovbit and also one

month of AQ orbits.

4.1.1 OneAQ Orbit

Sinceth(RApr oduct is intended for compari son
oceanso data are desired; therefore, It
using the fsaurifoanme fdlaagsss ip2ricdende dagadorodudor t h e
these pixels th®A is assigned as natnumber (NAN).Afterwards TheRA is calculated
using the above described algoritiusing equation§3-2) - (3-9) and written into th&RA
output file fora singleAQ/SAC-D orbit. Figure4.1 shows the 3B42 instantaneous rain
rate(mm/hr)at AQ observation time ardlfferential RA (mm) for previous 30-3), 6 (3-

6), 9 (6-9), 12(9-12), 15(12-15), 18 (15-18), 21 (18-21) and 24(21-24) hours.The left
column $ows the ascending part of the AQ orbit and the right column shows the
descending part of the orbiThe xaxis is longitude and it is zoomed in fd60-200°
longitude for ascending part of the AQ orbit and -330° longitude for descending part

of the orlit. The yaxis is latitude and it covetsS(0 .
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Figure4.l Instantaneous 3B42 rain rate afiflerential RA for one AQ orbit
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Besides, the Rain Accumulation (RA) image, for the previous 6hr period to the AQ

observation time and for one AQ/SAQ orbit, is presented in Fig. 4.2.

6-hours (mm)

g - T T | T T 30
' %‘{/ ' 25
Pl J
% » Foo
Y/

%f . s

\ 10

’ 5

1 » | Ul J; \ L 1 0

6-hours (mm) 6-hours (mm)

- : . v ——— 30
-;:- Izs

Figure4.2: RA for 6hr prior to AQ observation time for one AQ orbit.

The image pixels are plotted in color corresponding to the RA in mm. The bottom panel
of the figure shows zoomeedn view of the RA over ascending and descending parts of
the AQ/SAGD orbit. X-axis and Yaxis are longitude and latitude respectively and light

blue color shows AQ swafilzero rain rate)
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Latitude

4.1.2 Onemonth AQ Orbits

The 3B42 instantaneous rain ratéenmpolated to the AQ observation time is presented in
Fig. 4.3 for one monthof AQ orbits It is noted thator each daynine 3B42 files(8 per

day and one from the past daygre used to provide the interpolated instantaneous rain

rates at the AQ beamdations.

RROO (mm/hr)

‘%‘y 21 WM
T ol \
‘/ Tb}t{ g ;P\\a‘f\"“}ﬁ :

RO T

Longitude

Figure4.3 AQ instantaneous rain rates (from interpolated 3B42 rain rate) at AQ
observation time.

The RA images for onmonth of AQ orbitsare presented in Figk4 for time intervals of
To-6hr, Ty -12hr, T, -18hr and T, -24hr prior to AQ obsrvation time respectively. In

these set of figuresplor represents thRA in mm.

Figure 4.5 also presents the zoormrediew of one rain event shown in red circles in Fig.

4.4.
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RA18 (mm)

Latitude
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Longitude 0

Figure4.4: Rain accumulation (mm) prior to AQ observattone for 6, 12 18and24
hrs.
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Figure 4.5: Zoomedh view of rain accumulation (mm) prior to AQ observation time for
6, 12 18and24 hrs.
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