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ABSTRACT

Ar prezeit tweo advoiced Indien grartaiionary mefsorological atalliter INSAT2D (Tmmiched on 26 July 2013
and INBAT.3DR (fmmched on 0F Sepfember 2016) with ximilar zemcor characteriztics are orditing over Indian
Ocean region and are ploced af 8FE and 7K respectively. Together these two 2aizlliter ars providing tmazges
ar siary [5-minuiss intorval. Altkauch amsosphorie moffon vactors (AMz) are dariving opavationally g
dita of difizrent chomsels from individual zatellife or I0-mimnes nferval) Rowgver in thiz ztudy, first fime an
affempi gz been to ute 1 3ominute imaces from Both the satellite: in stagpering mode for the refrieval of AMT:
Thiz zrudy [z umderiaken for domg a fearibifity study, for-explonting the availabilitv ef higher temperal zampling
of dara from INSAT3D ond INSAT_I0DR chonnels for the remrisval AMT: prsigesering mods. [t iz found shar tha
impravement [ -accuracy = noitced whan AMTVE are refrieved by combining daia from Sath zatelliie: when
comparad with individual INSAT-3D or INBAT-3DR AMYS, This study demonstrates the possiaility of uze of two
raiellites dala tegetier in sitagpering mode for the rerieval of good gualitv AMVz Thiz algorithm = mads
gpgrational at Space Agrifcatior Centre; Afmedabad for largar we-abillty affer swcceszitl testing mnd

ovaluaiion

Kay words- Atmospheric Motion Veciors (AMV]), INSAT-3D, INSAT- DR and Staggering.

L. Introduction

The geostationary satellie derved winds; also
known as  Atmpsphene Moton Vectors
{AMVE) are considersd as ose of the most
rehable sources of wimd information over
oceaniic région where nommal ground based
observations are very rare. Presently m India
operationally AMVs are avalable from twe
advanced meteorolomeal saellites INSAT3ID
(Deb et al . 2016, Kishtawal et al . 2009) and
INS<T3DA using consecutve 30-punutes
images (wwwmosdacizovin). It 1z also well
established that assmmulation of ANV 1 the
pumerical weathar pradicion (NWP) model
ieads to significant improvement in the
weather forecast (Deb et al. 2010; Kanr ot al |

2015 Kumar et al 20167 over the Indian

Ocean rezion. The availability of data from
both INS4AT-3D and INS4AT-3DR with similar
spectral charactenstic and region of mterest, at
every 15-minures has motivated us to re-look
further for the improvement m retneval
algorithm to get better quality AMVs over the
Indian Otean rezion The specific reason for
this motrcation 15 that mstead of using
30-munute moages for winds reitneval, the
accuracy of winds wall mmprove if shorter
spatio-temporal imacges are used dunng the

retrieval For example, if INSAT 3D captured
mmage at 0000 UTC, then INS4T-3DR does at
0015 UTC and similar nomenclature follows
for other ume of the day, The operanonal
meteorolomcal  parameters  demved usmg
INBAF-3DR are zame 3z that of INS4T-3D,
with 15 munute time zap. In both the satellites,
specirum of the atmosphere 15 covered by six
imager channels 1e the Vistble (VIS),
Shortwave infrared (SWIR),. Midwave
mfrared (MIR), Water vapor (WV) and two
split window thermal infrared (TIR1 and TIR2)
channels. The image registraiion accuracy
sigmficantly mmproved because of start sensors
are present on both the satellitess The
mdvidual INE4T-3D and INS4T-IDR ANIVS
are derved every 30-punute mtervals. As an
example, the INSAT-3D ANIVs are teineved at
0000, 0030, 0100 UTC, while INS4T-3DR
AMVs are derived at 00135, 0045, 0113 UTC
respectively. The AMV denved from these
satellites are widely accepted by different
national and mtemational operational agancies
In the present smdy. the algonthm for denving
ANIVe psing infrared and water vapor images
from INE4FAD and INSAT-IDR data m
staggenng mode is demonstrated.
Suhsequently, these new AMV: generated
psing stasgenng mode are inter-compared
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with mndividually retneved INS4T 3D and
INSAT3DR ANVs for a peaod of one month.
The studv demonstrated the improved
accuracy of staggenne mede AMVE with
respect  to  individual INSAT3D  and
INSAT-3DR AMVs, and possibility fo explore
further 1n this direction. The following Section
2 very bmefly summarizes the mfonmaton
abomt INSAT-ID and INS4T3DR data and
AMVs denrved using these satellites, followed
by two other contemporary wind observations
for wvabhdanom In  the szectien-3, the
methodology adoptad for denving staggenng
mode ANV usmg INSAT-3D and INS4T-3DR
data and procedure followed for validating the
retrieved AMWVs  are  discussed  The
venfication resuls are discussed m Secton 4.
Fmally, section 5 summanzes the conclusions

from this study.

2. Data Used
2.1. INSAT-3D and INSAT-3DR
The  advanced Indian  meteorolozical

geostationary  satellites  INS4AT3D and
INSAT-3DR are placed at 82°F and 74°E over
the Indian Ocean remon (Fig-la-b) and
covening simlar region of imterest The
specifications of imager channsls of both
satellites are exacily same The main reasons
of two simular instruments are placed on the
gepstattonary platform for acquiring images at
153-mumte mterval, for the purpose of
enhanced meteorological  research and
operational nmeeds over the Indian Ocean
region. The detals abomt the INS4TID
spectral channels and data resclufions are not
described as these are already presented m
earlier work (Deb et al 2016). In the
staggening mode, retnieval of ANVs are done
using data resampled at 4 km spaual
resolonon with a commen coverage area
[30°-130°E, 30°S-50°N] over the Indian Ocean
regon (Figled) This iz done to avoud
inaccuracies anses due to two different zenith
angles for two satellites and area coveraze of
both the satellites i full-disc mode are not
exactly one-to-one. The re-sampled images are

generated using the data from both the

zatellites by usims a mapping established
between the output space 1.2, sector of mterest
in the map projection plane and the tput
space iz full acqusthon in the geodetic plane.
During the mapping the re-samplng process
generate: i) the intended sector product, u) the

(*¥]
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sun amumuthielevaton: and 1) the sarellie
anmuth'elevation at reoular gnd mntervals. The
retrieval process o case of staggening mode s
dome at every 13-mmnuze with same coverage
area. For the present study, data from thermal
infrared channel 1 (TIR1) and water vapor
{(WW) channel for both the satellites from 71
January 2017 to 31 Jampary 2017 ate used to
retrigve the ANVs. Three sets of two types of
ANV using mirared and water vapor channel
data are genersted: 1) JASATID. 1)
INSAT3DR and ) staggermg AMVs with
INEAT-3D/30R.

2.2 Validation of data

The retrieved three sets of two types of AMVS
are validated wsme 1) Radicsonde winds
(http:/ swwwestl noaa govirzobs’) and 1)
Mult-anzle Imaming  Spectro-Radiometer
(MISR) Steree Motion Vectors  (SMVs)
[https: ‘www-misr jpl nasa gov/getData’]  for
the month of Jamuary 2617, The radiosonde
data are generally used for validation of AMVs
as per the Coordination Group of
Meteorological Satellites (CGMS) guidelines.
The Sterso Motion Vectors (SNIVz), remeved
by trackine clouds from the MISR data 15
another sources of wind 1= uveed hers for
vahidating ANV The SMVs are retiieved by
matching of cloud reflectivity pattems from
three differemt wiew angles (Homvath and
Diavies, 2001).

3. Methodology
3.1 Retrieval algorithm

The operationally four different spectral
channels of INSAT-3D) and INBE4T-ADR are
gzed to derive ANIVE over the Indian Ocean
region and operational retnieval zlzorthm 13
described 10 Deb et al 2018 Howesver. in the
present study, a new stagZening algorthm is
developed where datz from infrared (1.2, TIR1)
and water vapor (1. WV) channels of both the
satethies are ussd simultancously for higher
temporal scale retneval In this section a very
brief summary of AMV retriaval algonthm s
discussed (Fig. 2) At first the satellite ID
from which first mput imape 15 cominz 18
cherked. if it is from IWVS4T3DR then second
image from JNSATED 15 read In the first
image possible cloud tracers are identified and
each selected tracer is reprezented by a box of
32 x 32 pixel The tracer box in the first image
(e INS4T-3DR) 15 calibrated wath respect to
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Figure 1: A typical example of full disc thermal infrared channel 1 images from: a) INS47-3D valid for
0600 UTC of 10 January 2017, b) INS47-2DR valid for 0613 UTC of 10 January 2017. ¢-d) same as a-b but
re-sampled at common area [30°-130°E, 50°S-50°N]
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Figure 2: The flowcharts of staggering AMVs retrieval algorithm using INSAT-3D/3DR data

INSAT:3D). This 15 performed to reduce the
uncertainty mmmmalib:anmafmdiﬂ:"m-

satellites_ all- ﬂm’n:,hthm[fﬂns:cﬂﬁpﬁﬂﬂcaﬁﬂns

are exactly same. Then cloud tracers are
selected by local image anomaly technigue m

a particular image and subsequently height of
the selected tracers 15 calculated. The heght
assignment componert of operational AMV

retrieval algorithm uses widely used traditional
meﬂ:ends wiz the mfrared window (WIN)
: ﬂEH1GmthﬂpinR4hﬂdﬂtm
et al. I%S}M&ﬁmdﬂuﬁhastméﬂm&
(cha:r.haﬂ et al. 1593). Then selected
tracers are wacked in larmer window in the
subsequent image by using the Nash-Sutcliffe
model efficiency (Nash and Sutchffe. 1570)
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Figure 3: A sample flow-diagram of methodology for the retrieval of ANVs in staggering mode

for a particular time 0300 UTC

coefficient. If the selected first image 15 from
INSATF 3D, the tracers are selected and height
assignment 15 done, then before trackine the
selected tracers m the second ﬂ“&';iTiD_R
nmage. coliocated tracer box i INSATIDR | 15
calibrated w0 INS4TID squivalenr  The
process of tracer selection. height assisnment

and tracksno 15 repeated for sixteen pair of

images to generats sixtesn paws of raw winds
which 15 called 23 wind boffer Later this wand
buffer 15 used for quality control of AMVs.
During the quality control, temporal, spmtal
consistency checks are g

neighbouring vectors extracted from the mmﬂ
buffer A sample flow-diagram of methodology
for the retneval of staggering AMV's at 0300

UTC 15 shown i Figure 3. To derve winds
valid at 0500 UTC regowes total seventeen
images of 15-punite mterval viz nme tmages
from IVSAT 3D starting from 0100 UTC .'m:l
eight mages from JAS4T3DR staring from
0113 UTC. In the next steps wind buffer 15
calculated using sixteen wind pairs, In the
followmme step qualiy comtrol techmigue s
apphiad to wind buffer to estmate the final
cutput vahd at 05300 UTC. A typical example
of denved TIR1 AMV:s wusing INS4FSD
(Fig4a) valid at 0000 UTC. INSAT3DR
(Fiz4b) valid at 0015 TTC and stasgering
ANVs pstng INSAT-SD3EDR data (Fizde)
valid at 0000 UTC of 31 Jappary 2017 are
shown i Fiz4 It is visible from the figure




Deb eral

a) INSAT-3D b) INSAT-3DR

c) STG-3D/3DR

Figure 4: A typical example of operationally derived infrared AMVs using a) INSAT-3D  valid at
0000 UTC. b) INSAT-3DR valid at 0015 UTC and c) staggering AMV's using INSAT-3D/ADR data
valid at 0000 UTC of 31 January 2017

that stagzennz version rétneved around
10-13% more wind compared to other two
VEFSIONS.

3.2 Verification strategy

The venficanon procedure used for the

guantitative assessments of three sets of two
types AMVs (viz. INS4TED, INEAT3DR and
staggermz AMVy sz INZAFIDZDR)
retnieved usmg TIR1 and WV channels are
dizcossed here. In the subssguent text, three
sets of sateliite winds: 1) winds retmeved psing
INSAT3D is represemted as 3D, u) winds
remrieved using INSAT-2DR 15 represented as
3R and 1) stagzenns modes winds retneved
using S4T30 3DR as STG respectively. For
vahdanen, three sets (3D, 3R and STG) of
TIR1 AMNVs and three sets of WV AMNVs are
compared with collocated radiosonde vands.
The AMVs retneved at 0000 or 0015 UTC and
1200 or 1215 UTC are collocated with
radiosonde winds available at 0000 and 1200
UTC. For collocations with MISR SMAVs. the
AMYS retneved at 000 or 0G5 UTC, 0600
or 0615 UTC. 1200 or 1215 UTC and 1800 or
1815 UTC are uvzed. The data collocanen and
quantitative assessment are done a3 per CGLS
pindelines (Tokuno, 1998) by caleulating the
Root Mean Sguare Vector Dafference
(RMEVD) and speed bias in m's The AMVs

with Quality Indicator (QT} value greater than
or egual to 0.8 are considersd for all
gquantitative analvsis. The root mean. sguars
differences (ENISD) and biac of zonal and
mendional wind, wind speed, wind direction
and height are caleniated for companson with
MISE SMVs Durins  bias  calculation
difference with respect to truth 15 taken. In the
present studv radiosonde winds and MISE
SMVs are constdered as truth Dunng
collocation a spatial difference of .3 degrees
and temporal collocanen of £1.5 hour within
the AMVs and MISE SMVs are considered
(Velden and Holmlund, 1998). However, the
ANV close to MISR wind height 15 selected
for coliocations without considennz any
vertical collocation threshold, Since there 15 a3
possibility of large errors m AMNV heighn
assignment, a vertical collocation threshold
value dunng collocanen i this case may
wrongly matched the wind, while actually they
are not present around the same levels. As
standard practice, the ANIVs with a speed and
duection differences greater than 30 m's and
60 degress with respect to observed winds are
assumed as emoneous erther due to wrong
retrieval or due to errors in observations. This
conshtutes a very small percentage of iotal
validanon data sets. As per CGMS mudeline,
level wase error statistics are generated for



high- (ie. 100-400 hPa). mid- (1. 401-700 high-levels for the month of Tanuary 2017.
hPa) and low-levels (1.e. 701-950 hPa) for TIR

e i o i The BMSVD vilues of TIR1 AMVs are
%niﬁinﬂh g DL S matched well for both 3D and 3R versions i
all levels, with few éxceptions. In the STG

4. Results and Discussion version the accuracy has improved i mud- and
4.1 Assessment with Radiosonde data ﬁéf_:ha:: ﬁﬁ:ﬁe?iﬂn amccira}i 1;31;[”?3
The Table-1 shows the monthiv average values version has not improved 2s expected. This
of RMSVD and speed bias of INSAT3D fie might be due to the problem of the
3D), INSAT-3DR (ie 3R)and staggering mode mter-calibration of two satellites in terms of
AMVs using ASAEID IDR (Le. STG) TIRY brighiness temperature at ligher-levels, which
and WV AMVs with respect to radiosonde m fumn lead to shgitly higher error in the
observation for three different broad height assignment. In the region-wise analysis
atmospheric  levels 1e  low-, mid- and like tropical rezions (20°S — 26°N), northern

hemisphere (20°N — 60"N) and southem

Table 1. Monthly mean comparison of INSAT-3D, INSAT-3DR and staggering AMVs (TIR1 and WV)
using INSAT-3D/3DR data with radiosonde observations available over land for the months of January
2617 for different regions

TIRT (30} TIR1 (3R} TIR1(STG-3D3R] WV (INSAT3D, |
3R and
STG-3D13R)
January 2017

INSATID INSAT-3R STG-3DAR INSAT | INSAT | 5TG-3
-30 SR | DR

HiGH | MID | LOW | HIGH | MID | LOW | HIGH MiD LOW | HIGH | HIGH | HIGH

Al regions (Retrieval domain)

RMSVD | 518 | B57 | 457 | 519 | 555 | 4469 5ad 525 424 &5 634 .59

BAS | 0407 | 06 | 064 | 022 | 033 073 G .68 | 033 065 | D02 | 462

NC 19098 | 11296 | 7420 | 19461 | 11403 | 8853 | 21605 | 16363 | &IT0 | 38427 | 37516 | 30509

Tropic  (20°5-20°N)

RMSVD | 504 | 425 | 389 BM | 428 < 515 38T 346 5h5 | 553 611

BiAS | 002 | Dsd 05 k16 08 107 0:33 049 0:95 0458 | ©.39 .45

NC a4z ) 1677 | MY | 83de | 10 | 0vR | 17288 B4h 1245 | 23534 | 24573 | 278E5

Northern Hemisphera  (20°N — 60°N)

RMSVD: | 637 58 458 | BE2 57 474 T42 L 437 719 | 788 | 756

BIAS | 051 004 | 062 | 084 | 017 | 063 297 473 | 045 | BRI | -DBH | <116

NC 952 | 9483 | 6283 | 915 | 10417 | 7442 3514 | 15637 | GBI | 4077 | 11663 | 11279

Southarn Hemisphere (2025 - 60¢5)

RMSVD | 553 | 473 | &1 482 | 404 | 54T 415 144 41 EET | 548 5T

BIAS | 827 | 097 | -01 24 | 1862 | 613 g0l 07 .66 1§ 07/ | 964

i)

NC 303 136 45 L 172 32 518 "7 59 510 a74 675

Tz units of RMSD and Bias 5 mis
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hemusphers (20°S — 60°5), except at high-level
in-the northern hemisphere the RASVD and
bias values for STG are sither betrer or sumular
ta the corresponding values of 3D or IR The
mid-level bias 15 shghtly lucher compared to
high and low-levels i all the three s2ts The
BMSVD and spead bias for WV ANV for all
thiee sets are similar in nature, however.
among them the IR version of WV AMVs are
shightly better compared to other two ssts for
all regions.

The Figure 5 (a-d for infrared and f1 for water
vapor AMVs) shows the mean vertical profiles
of RMS differences in speed and direchion
along with respective biases wath much finer
scales for all the month of Jannary 2017 As
mentioned, i the figore 2D, 3R and STG
represents. IVBAT-ID.  INBAT3DR and
staggening  AMVs  owith INS4T-3D3DR
versions fespectnvely. All the three sets have
sirmlar RMS difference and bias m speed and
direction for both infrared and water vaper
AMNVs except the STG version (both TIR and
WV) have slichtly higher RMS differences m
speed from 350 hPa to further higher levels
(Figure 3a, f) respectively. The higher RMS
dhifferences 1o the STG version may be dus to
hicher imaccuracies: in the height assignment
from mud to lhighdevels. The higher
maccuracies n the height assignment of STG
version may be due to calibration issue of
INSAT-3D and INSAT-3DR satellites The
BMS differences m direction for TIR1 and
WV AMYVs of all three sets are simular (Figure
5h. 5g). The bias in speed is positive or zero at
the lower-levels: while mezative at 200-400
hPa levels (Figure 3c), with shightly higher for
the STG version of TIR1 AMVs The range of
bras i direction for all three sets are
comparable (Figure 5d). The RMS differences
n speed for WV ANIVs (Figure 5f) are slishtly
better for 3D and 3R versions compared to the
STG version from mid- to  hishlevels
respectively, Consequently the speed bias is
lower for 3D and 3R versions. compared o
STG version The RMS difference and bias m
direction for all three sets are comparable
{(Figure 3z, 1) The Figure 3(e, j) shows the
total numbers of collocanons for the month of
Jatmsry 2017 for beoth infrared and water
vapor AMVs. The collocztions for TIRL
AMVs 13 mostly dominated ar the upper levels,
which reflects gher retrieval of TIR1
AMVs at these levels (Fizure 3¢). Agan_since

Lad

WV ANMVS are retmieved around 100 — 3500 hPa
levels. as a results the collocations are mostly
avatlable at these levels (Fiouse 3)). The STG
version has hisher number of collocanons in
the lmoh-levels, compared to other two sets.

The assessment tll now ate demonstrated
wane all AMVs imespectie of guality
indicator values, However, for the operational
pse of new sets of saggering AMIS s
essenttal to investicate the sensitnaty of
accuracies with respect to different quality
mndicator values. This is because, many
operational centres use AMVs for the
azsimulation. 1 the model after assessimz the
accuracy with respect to different quality
indicator values. The RMSVD values (3, b, ¢
and d, upper panel), speed bias (e f. 2 and h,
middle panel) and numbers of collocations {1 1.
k and | lower panel) of infrared ANMVs for
high-, mud- ‘and low-levels and water vapor
ANIVe for high-level usmz vanous quality
mndicators values are shown in Fioure 6, The
mirared  AMVs for high-level (Figure 63),
RMSVD values of 3D and 3R versions are
lower compared to STG version for all guality
indicator valyes. while for mid- and lon-levels
RMSVD values of STG vemion 15 better
comparad 10 3D and 3R versions (Figure 6b.c).
In case of water vaper AMVs the RMSVD
talues of 3D and STG versions are similar,
while 1n 3R version 1t 15 better compared to
other two (Fizure &d), In all versions the
RAMSVD walue 15 not murh sensiive to the
different quality indicator values (Figure 6a-d)
1t 15 noticed that for any quality mdicator value
the RMSVD value ranges between 50 — 6.0
m's for high-level 5.0 - 5.5 mis for mid-level
and 4.2 - 4.7 m's for low-level As expected,
for all quality indicators the RMSVD values
are reducme very slowly from 0.0 quality
mdicator to 0.8 gualty mdicator for high-,
mtd- and low-levels, respectively. In case of
speed hias (Figure 6e-h) for all three versions,
the sensmtivity with respect to guality mdicator
values 15 very small However, 1f total number
of collocations are considersd (Figure 61-1),
coliocation decreases drastically 23 one move
to higher gqualty indicator values and
collocation: 1z lwoher m STG  verstons
compared to other two versions.
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Figure 5: The mean vertical profiles of RMS differences, biases in speed and direction and
total numbers of collocation peints for infrared (upper panel) and water vapor (lower
panel) atmospheric motion vectors (AMNVs) of INSAT-3D, INSAT-3PR and staggering
version of INSAT-3D/3DR when validated with radiosonde data for the months of January
2017
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4.2 Assessment with AMISE Stereo Motion
Vectors

The large errofs m AMVs are mamly becanse
of errors m heisht assisoment The height
assignment of SMVs are considered to be
more accurate than thar of AMVs. As mention
i section 3 2 no vertical collocation threshold
15 used dunng collocation of AMVs wath
AISR SMVs becapse both are avalable at
particular level that of cloud and it 15 not
guaramtes that they are at similar height Thus
a2 vertical collocation threshold of =50 hPa
vaine dunng collocation betwesn AMVe and
SMV's does not zuarantee that wind represents
the same levels or clouds The different
stahishical parameters of 3D, IR and STG
AMYs (infrared and water vapor winds
separately) with MISR SMVs for low-, mud-
and hish levels for the month of January 2017
are shown Tables 2 and 3 respectively

In the case of infrared AMVs (Table 2), tis
noticed  that the collocation 15 mostly

AMVs at all levels. For zomal wind
components mid-level bias is hicher, while for
mendional components high-level bias 15
higher tn all three cases. The biases 1 both
zonal and mendional componenmts of STG
AMVs are shightly higher compared to other
two sets. The RMSD for both zonal and
mendional components ts comparable for all
thres sets, however. the ST version AMVS
bave shohly hisher values compared 1o other
two sets. The mean wmd hias and RMSD
values are gradually inereasing from lower
lavel 1o hugher level and the values for all
three sets are comparable: The EMSD in
height for all three sats 13 not sipmificantly
different from each others. The bias m heicht
for hugh-, mud- and low levels 15 nezative for
3R and STG verstons, while if 15 posve for
low levels m 3D verston The negative heteht
bias at mud- and moh levels shows that SMV
height 1z larger than ANV heweht and thus
mitght be because of leaw hias in AMV heighe
i semu-iransparent | clowds. Similar
assesgments were notcad when MISR SMVs

Table 3. Monthly mean comparison of INSAT-3D, INSAT-3DR and STG-3IV3R water
vapour atmospheric motion vectors (AMVs) with MISE stereo motion vectors (8MVs) for

high level
INSAT-3D WV vs. | INSAT-2DR WV vs. STG-3D/3R WV vs. MISR
MISR MISR
Variables HIGH HIGH HIGH
RMSD | BIAS | RMSD Bl RMSD BIAS
Zonal wind (U} 742 1.46 753 151 810 212
Menidional wind (V) T 153 653 1.06 744 125
Wind speed 7:89 274 778 287 5.51 242
Wind direction 2746 | -336 26.25 782 28.06 124
Helght 208 470 | 2005 4572 203 43 4630
The unil of Zonal wind, meridional wind and wind speed is m 5, while the unit of wind direction and height
ate degand hPa,

dommated i the low-level and for water vapor
ANIVs (Tzble 3), the collocations 15 dominated
at the upper level. as these AMVS are remmeved
around 100-300 hPa levels. In case of infrared
wind (Table 2), 3R and STG versions have
negative bias m the high-level and posmive
bias 1n the mid- and low-levels for both the
zonal and mernidional component of the winds,

while if 15 posiinve m case of 3D version of

41

and Metepsat-9 AMNYVs were inter-compared
and mcreasing trends were found 1n bras and
RMSI) walues with height for both wind
magniuds as well a5 m hewelt assignment
(Lonitz and Horvath 2011) '

In the case of water vapor AMVs, the
assessment for the lugh level 1s shown 1n Table
3
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Figure 6: The RAISVD (a. b, and c upper panel). speed bias (e. f and g. middle panel) and
numbers of collocations (i. j and k. lower panel) of infrared and AMV's for different levels using

variable quality indicators values. The EMSVD (d. upper panel), speed bias (h, middle panel)

and collocations (1, lower panel) of water vapor AMVs for high-level using various gquality

indicators values
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Figure 7: The density plot of heights of: a) INS4AT-2D, b) INSAT-3DR and c) siaggering version
using INSAT-3D/3DR infrared AMVs and (d-f) same for water vapor AMVs collocated with

AMISR 5AVs height for the month of January 2017,

The bias and RMSD vatues for the zonal and
mendional components of AMVs for 3D, 3R
and STG are in good agreement The negative
bias in the height of 3D, 3R and STG versions
of WV _AMVs 15 obhserved when compared
with MISR SMVs  The density plots of
heights of 3D. 3R and STG vemsions of
mifrared (Figures 7a-c) and water vapor
(Figures 7d-f) ANVs collocated wath WISRE
SMVs height for the month of January 2017
are shown i Figure 7, The densy plots wall
help us to understand better ways, why there 15
large errors m the heisht of mfrared and water
vapor AMVs when compared SMV heishis.
The stemificant differences noticed m the data
clusters where MISR SMV height is within
600975 hPa while AMV heiwht 15 wathin
100300 hPa. which conmstimutes around 22%:
collocations pawrs. Apart from this cluster, the
most of wind height companson 15 m
onefoone  aoreement with each  other
Sumtlarly, the larze discrepancies are observed
m case of water vapor ANV's (Fizures 7d-f),
where MISRE SMV  height 13 wathin
800-500hPa. while AMYV height 15 watha

300-300hPa, which constitutes ardund 65% of
collocations pairs.

The density plots for different height
assionmmemnt methods used dunne retmeval 1e
corresponding to mfrared window techmque
(Figure 8a). H;O intercept method (Figure 8h)
and the cloud base method (Figuie Sc) for
height assignment of 3D infrared AMVs are
shownm when collocated wath MISE SMVs
The Figure 83-b. where the infrared-window
technique and the H:O intercept method are
taken shows major discrepancies. The Figure
8d-f and g-1 shows the density plots for other
two sets (e 3R and STG) of infrared AMVz
The simular features are noticed n these cases,
like that of INS47-3D. Like in infrared AMVs,
the comparizon of water vapor AMV: with
MISE SMYVs shows (Figures not shown)
major disagreements ' both water vapor
histogram method and H:O imtercept method
for all three sets. This discrepancies arses
because water wvapar AMVs are mostly
dominated i1n the mud to high level whle
MISRE SMVs are avatlable mostly in the
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Figure 8: Densitv plots of MISE SMV heights with that of INSAT-3D infrared AMV: heighis for
different height assicnment methods: a) infrared-window technigue, b) H2O intercepts methed
and ¢) cloud-base method. (d-f} and (g-1) are similar to (a-c) but for INSAT-3DR and stagzgering
version using INSAT-3D/ADR infrared AMYS

low-levels. The assessment found n this clopd-top femperature from the upper-level
sub-section are mn acreement with the findings clonds. while SMV retrieval is domunated in
of our earher study (Deb ot al. 2G16). whers the low-level as MISR stereo-matcher
the charactennzation of INSAT-ID and algonthm favors a lower-level hicher-contrast
Metegsat-7 AMVs with MISR SMVs were cloud targets m multi-level clouds patch

dome: It was observed that these large

dizagreements are not becapse of biases m 4. Conclusions

hesght assignment algorthm, but 15 dus to In this study an attempt has been made to
arte-facts of retrieval algorithm of AMVy and develop AMV setrigval alegrithm. usine
SMVs. These large mismatch points are INSAT3D and INSAT-3DR data m staggerng
becauze of mmlti-level clouds Dunng the mode 1o explon the avalabiliy i hiohes
retneval of AMVs height 15 estimated using temporal samples images. It o6 sHTRrEAT



the gualty assessment of staggered infrared
and water vapor AMVs remieved using
INSAT-3D/3ADR data over the Indian Gcean
region The study uses three sets of denved
AMVs: 1) INSAT-3D, u) INSAT-3DR and 1)
Stagmersd AMVs  using INSAT3D3DR

starting from 01 Jannary 2017 to 31 JTanuary
2017, In these sets, INS4T 3D and INS4T-3DR
AMVs are generated wsing  30-mmute
images while stagmered AMVs are generated
psing  15-mumptes images To get the
confidence of staggered 15-munute ANL, all
thres sets are compared with 1n nt
observations: 1) m-sitn radiosonde  wind
mieasurements and 11} clowd tracked wands
denved usmo stereo-technique from MISR
instrutnent. The comparison shows that the
guahties of stazgered ANMVs are comparable
or sometimes 2ven better specially in the mid-
and low-levels in case of mfrared AMV: when
compared wath corresponding  indrvidual
INSAT 2D and INSAT-3DR ANMVs. Though the
present study 15 mainly focused on the
development of staggennz algorithm and its
wmitial  guality assessment. however this
preliminary  analysis has demonstrated an
msight e the qualty of mewlv derved
staggered AMVs. In fumre, the assessment of
this new data sets will be evaluated by
assimilsting them in the nomerical weather
prediction models for forecast impact studies.
This wall further showcase its scope of
use-ability at the major operational forecasung
agencies viz. India Meteorological Department
{IMD) and National Centre for Medium Range
Weather Forecast (NCWEWE), as they are the
mam Bpsers of this sew ANV data-set for
assimilating into the operational nomerieal
weather prediction models.
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