The NWP System at NCMRWF and the Use of Satellite Data

S. Indira Rani, M. Das Gupta and V.S. Prasa

National Centre for Medium Range Weather Forecasting (NCMRWEF)
Ministry of Earth Sciences, Government of India.

Numerical Weather Prediction System of NCMRWF Types of observations Assimilated Satellite Radiance Atmospheric Motion Vectors

_ Data Global Data Forecast Users
Global Observations Reception  Assimilation Models Observation category Name of Observation. NDAA (8821} NOAAL B(787058) NOAAL 78471 38) NOAA B(854833) GOES—11(11729) GOES-13(18322)  WETEOSAT(37744) NSG(27716)
SURFACE Observation Global Model Surface Land surface, Mobile, Ship, Buoy (SYNOPs) METOP2{711418) M)
from land quality Torales Upper air TEMP (land and marine), PILOT (land and N R T T T e T e e GuS /WTSAT(34333) MODIS/Terra(10299)  MODIS/Aqua(S058)
stations checks & 10day FCST marine), Dropsonde, Wind profiler R = SO e ij : G0N -
monitoring NP Aircraft AIREP, AMDAR, TAMDAR, ACARS S S Rt s T .
SHIP INCOIS _ : RO 4 g e ; R A T i, P
Atmospheric Motion Vectors from Geo- | AMV from Meteosat-7, Meteosat-9, GOES-11, " S8 o . ol BON - Ty g v 0l T s e = B L
Stationary Satellites GOES-13, MTSAT-1R, MODIS (TERRA and AT s i, e
BUOY AQUA)
Global : 30N
U Ai (MT) Analysis Scatterometer winds ASCAT winds from METOP-A satellite, 30N
er Air :
Rg:lw.' v : (GSlI) Meso-scale NESDIS / POES ATOVS Sounding 1bamua, 1bamub, 1bmhs,1bhirs3, 1bhirs4 f 1 - -
Y . Data radiance data 71 ST _
PIBAL NCMRWE Initial state - : : _ F 1 -. o o4
Assimilation Satellite derived Ozone data NESDIS/POES, METOP-2 and AURA orbital
Aircraft OBSERVATION ‘ & Model ozone data
PRO‘-:'ESSWG Global — Precipitation Rates NASA/TRMM (Tropical Rainfall Measuring S I 305
: H Statistical Mission) and SSM/I precip. rates ;
Satellite lb : Forecast Internolafi precip.
asm pspmposed Model ;3&2?6”0“ Bending angles from GPSRO Atmospheric profiles from radio occultation sl e T T S ST e
dedicated (9hr Fest - (location — data using GPS satellites b5 b L .
nky Tk first guess ) specific FCST) sectors NASA/AQUA AIRS & METOP/ IASI IASI, AIRS,AMSR-E brightness temperatures T e _ﬂ%;; AT o R e PR o
| _ brightness temperature data i N T e P L e "f';&-' A e e 905 i bl A b P i ST f—:;ﬁ--'-,.-c.-.f.-. R et e i o
fimesadayfor = onceinaday 905 - : s A U R e L i O i Y i adl, § P = = - . . : : : : ,
’ g0 150 -1200 -%0  -60 -30 0 30 &0 80 120 150 180 180 -1 -0 -e0 60 -0 0 S0 e a1 e s
00,06,12,18 uTc  for00OUTC

Scatterometer Winds GPSRO DATA NCMRWEF Global Data Assimilation

ASCAT (208375) OSCAT (235149) WindSAT (322639) BRACE-i(0)  ORACE-B(0)  COSMIC—1(34) CORUIC—2(38) System (GDAS) Up-grad ation of NCMRWF GFS from
COSMIC-4(21)  COSMIC-8(28) COSMIC-6(51) CRAS(1711) FAC-0(0) 1382L64 to T6574L.64

v' GDAS operational at NCMRWEF is a six hourly intermittent three

QON
dimensional scheme
Q0N
goN{ v'Meteorological data sets received at NCMRWF through GTS are The T574L64 GFS was first implemented iIn
BON = assimilated four times a day at 0000, 0006, 0012 and 0018 UTC to November 2010.
the global analysis system.
FON A
SN TS WS WG e N R N TR €l .
v'Meteorological observations assimilated in T574L64 (~23km lts performance was evaluated during
oty horizontal resolution) are SYNOP, BUOY, METAR, TEMP, PILOT, November_December 2010 and found better than
EQ ¢ AIREP, AMDAR, ACARS, AMVs, Scatterometer winds, GPSRO, and the T382 GES
radiance data from different platforms '
208 KT
v'A six hour prediction from model with previous initial condition The latest version of the NCEP T574L64 GES
valid for current analysis time is used as the background field (FG : :
603 505 yols | s (FG) was implemented in May 2011
for the subsequent analysis
908 ; ; ; ; ; ; ; ; ; ; ; | ans ; ; v'The global analysis scheme used is the Grid point Statistical
-180 -150 -120 306 -850  -30 0 40 60 o0 120 150 180 —180  —150 —120  -90

Interpolation (GSI)

Physical Parameterization schemes in Differences in the T5741.64 GSI| Data Assimilation Anomaly correlation of 10 day forecasts Vertical Profile of T574L64 (Dotted Line) and T382L64 (Bold

: : Line) Analyses (Black) and First Guess (Red) Vector Wind
7382164 and T574L64 system compared to T382L64 of 500 hPa Geopotential Height Fits (Bias and RMSE) to RAOBS over Tropics for JIAS,

Physics T382L64 T574L64 138264 (B lac k) and T574L64 (Red) 2011. The Right Panel graph gives the observation data
Surface Fluxes Monin-Obukhov similarity Monin-Obukhov similarity New observations assimilated Improvements in Data Assimilation counts over the region used for the comparison.
t AC: HGT PSO0 G2 /NHX 00Z, 20110801—20110030 :
Turbulent Diffusion Non-local Closure scheme (Hong and Pan (1996) ggono—;ocal Closure scheme (Lock et al., SyS em ; 'The anomaly Correlgtlon TRAOPICS _Vector Wind Fits to RAQBS TROP|ICS
Inclusion of METOP IASI (Infrared Atmospheric Use of variational qc oal{” e N A O values are comparatively 100 00z01jun2011 — 00z30sep2011 . Data Counts
SW Radiation Based on Hou et al. 2002 —no aeroslos —invoked | Rapid Radiative Transfer Model (RRTM2) ; : : ; ; : : ; 7 ~
hourly (Mlawer et al. 1997; Mlawer and Clough, Sounding Interferometer) data 0.84--- o Eloe e e e e R R RPRPRE e h I_gher In _the 1574 GFS s Y 0 T SR
1998)- aerosols included—invoked hourly Reduction of number of AIRS (Atmospheric Infrared | Addition of background error covariance input file I reTd ER N N . with a gain of 1 day wod 4 i S
— _ — _ — Sounder) water vapor channels used ' 5 : 5 5 in the skill of the -
LW Radiation Rapid Radiative Transfer Model (RRTM) (Mlawer Rapid Radiative Transfer Model (RRTM1) .. ) ] ] OB 4 NN : I B
et al. 1997). —no aerosols- invoked 3 hourly (Mlawer and Clough 1997;1998). —aerosols Assimilating tropical storm pseudo sea-level Flow dependent reweighting of background error ; : ; ; forecasts. S SR | R AR Y S R A AR R
included-invoked hourly pressure observations, variances 084 e T T R RRLETEE e NG g — 1380 :
Deep Convection SAS convection (Pan and Wu (1994) SAS convection (Han and Pan, 2006) NOAA-19 HIRS/4 (High Resolution Infrared Radiation | Use of new version and coefficients for community % et ............... ............ In the lower panel the line | |~ t574q (n : 400 1
— " hall o Followina Trodtke (1983 N - y P 2010 Sounder) and AMSU-a (Advanced Microwave radiative transfer model (CRTM -2.02) O S T A lot depicts the diff — W ;5 S N
allow Convection allow convection Following Tiedtke (1983) ass flux scheme (Han and Pan, ) Sounding Unit) brightness temperature, : plo epicts the airterence | l5?441_[l'z | 500
Large Scale Large Scale Precipitation (Zhao and Carr ,1997; Large Scale Precipitation (Zhao and Carr NOAA-18 SBUV/2, (Solar Backscatter Ultraviolet Chanae in land/snow/ice skin temperature variance 0.12 - _.Differe.ngg;_ w.r.t. _-1-:3;:9.,::_-E _______________ o _______________ of the fore(_:aStS Of _ e
Condensation Sundaqvist et al., 1989) ,1997; Sundaqvist et al., 1989) ) ’ g P i 5 i } Geopotential Height of the 8OO 1 i e BUDY
: Spectral Radiometer) Ozone , EUMETSAT-9 | 5 : | Y F S
Cloud Generation Based on Xu and Randall (1996) Based on Xu and Randall (1996) atmospheric motion vectors. oo9d AT B i AU NG T574 GFS from the T382 ?00-----5--- _—
Rainfall Evaporation Kessler (1969) Kessler (1969) Using uniform thinning mesh for brightness GFS. .:: B
temperature data. 0087 N S i SRR LRI e S B0 | i 800
Land Surface NOAH LSM with 4 soil levels for temperature & NOAH LSM with 4 soil levels for _ . , _ : o i Lo
Processes moisture (Ek et al., 2003) temperature & moisture (Ek et al., 2003) Improving assimilation O_f GPS radial occultation oasl 1 " T I . The_dlfferenc_:e values 500 -
Air-Sea Interaction Roughness length by Charnock (1955)Observed Roughness length by Charnock (1955), data. RE-tuned observation errors. ;L Tlgmﬁ;a_nmitf;de ;Z@anlﬁ bers §1 ’7 OUtS_Id_e the hI_StO_g_ramS are S| A A T R
SST,Thermal roughness over the ocean is based | Observed SST, Thermal roughness over ASCAT (Advanced Scatterometer) winds included | E—" e 5 o statistically significant at B
on Zeng et al., (1998).3-layer Thermodynamic the ocean is based on Zeng et al., (1998). 3- 0 . 1000_2 o 3 % 3 3 e I v o 12’|GDD15 e A A
Sea-ice model (Winton, 2000) layer Thermodynamic Sea-ice model : Forecast Hour 95% level of confidence. :
(Winton, 2000) Korean AMDAR data and more number of Aircraft BIAS {F—0) RMSE {in thousands)
Gravity Wave Drag & Based on Alpert et al. (1988) Lott and Miller (1997), Kim and Arakawa Reports
in blocki 1995), Al I., (1996 . .
mountain blocking (1995). Alpert et al., (1996) European Wind profiler data
Vertical Advection Explicit Flux-Limited Positive-Definite Scheme
(Yang et al., 2009)
Validation of Atmospheric Motion Vectors Validation against NCMRWF T574L64 First Guess Kalpana—1 WVW August 2011, High Level: NCMRWF
: : : : NCMEWF: Kalpana—1 WY High Lewvel August 2011 : _ ‘ spred: 2ON_8ON Areq: 205 20N Arag: BOS_20%
RMSVD against Radiosonde winds over Tropics o J 3 NCMRWE: Metecsat—7 WY High Level August 2071 o BN [ o EEEEE
iS5 L [
(2011) . REE | : : [
eon —1ean Observatian san—ti2an Background bMean Observatian bean Backgreund CRM LY 7o - G Qe foa
= _ — ' il Al
RMSVD (m/s) w.r.t. | Jan Feb |Mar |Apr |May |[Jun |[Jul |Aug |[Sep [Oct [Nov |Dec g - 1 < ) o . : " < 7h & T 3 Imu
. _ i’ G T 70 | i~ B 70 3 F § > i 2f 20
RS/RW winds 40N | . {S:; LTI -zj; i 40K . ‘ ’ﬁ;; B0 404 - ;g ENTE , gg f ;E ...... .:-f: - f 11:: f% _ Iig
‘%\ PP . 5A . (T .. EL £n o . 5D ol .-’4!:.;.'_. a z il
High [Kalpana 10.19 |11.0 (6.56 |6.56 |5.38 [6.68 [7.80 |7.63 |7.84 |5.56 |6.01 |6.46 o R “JL, & 3 ] = m o 4 AN g : 0 ¥ mf;imi?;:>+ummﬁ:.aéa-a R e Tl R T
g : ' ' ‘ : ' ' ‘__‘__H” 35 35 3/ ph o 35 ) BG speed (mos) BG speed (meos) BGE spe=d (M=
Level BG A 2: 30 B 30 EGH 30 ] 3o
cMV RPErrt At i I Al ] I 25 2 S, Cpes Sias 't 308 Bias gy
Meteosat-7 |5 g0 494 |(4.88 |4.47 13.85 |5.01 |5.60 |5.04 5.36 4.05 4.05 4.85 205 1 \@ Bab e \‘é:m 15 015 - - ?} \[?:. P E e e, {_fn 15 ane] 24 205 0 STD @ B.44 STD @ 7.20 STD : 10.21
R P L = el gy .\:.\"\-\... L b — 15 16 “
A, =TT B0 AR Lt R ““H““% L.u 10 _ 1D Meteosat—"7 WWW August 2011, High Level: NOMRWE
4057 Ay - 5 4057 AL Rty £ 405 1 e 5 4051 5
High [Kalpana 11.04 |11.79 |6.27 |6.20 |5.55 |7.07 |7.55 |8.34 |7.71 593 |5.54 |6.21 - " Lo - B v - e o Ares: ZON-0ON_ A0 205-20N
I - - - - y y - - - - : I y BDE T T T iy T T 05 T T T r== T T w b :. o el S
Level 0 20E 40E &OE S0E 'Iﬂ'% 124E 14]E 0 Z0E 40E BIE 8IE 'IE'U?F., 120E 140E 01 90F 40F &OE B0 w% 1709E 144F 0 70E 40E BOE E'El-E_ 1['-'5_'5 190E 140E :E i::-
WVW - tMean Vector Difference Numei’ of winds Medn Vector Differemoe ﬁgz " ?:-;' et i
Meteosat-7 |58 |[5.62 |4.79 |4.83 |4.32 |6.12 |6.83 |5.86 (6.09 |4.44 |4.47 |5.27 ' BO0N{ b g Ems® 80N 1 - son E o} £ ol - £}
A000 s 5w -y EE
20 a[ulnln| L ¢ U 30 4 ol
o 15 40K 1 5man 40K 1 40H 1 500 5w gd |
: 2000 .
: 10 . " , 2000 o 12 @ 15 : b D 15 f;
. : : 20H 4 20H - H 1 .
Kalpana-l AMVS W.r.to RS/RW Wlnds Improved In terms Of : 750 EDH EDH - ;EED EU E 'I:I:I1:51:D!:53:5355+iﬂ+553555355?§ﬂ'5 n'fl 5: 1531:5;31553503:54545505555055?;3?5 ? 1-01.52:32-‘:53;33.5#4555 ?Eﬂ?lﬁ
£ ; £o ETalu) 5o ; BG speed (Mmoo 5] BE spesd {m.s) BG spmed (M. s
v'speed bias (12m/s to 5m/s), and . oo EG EC on0
I 100 | No.of DES: 139110 Na. of OBS: 566700 Na. of GBS: 142741
n e ] 4 05 - - 100 Bias : —.24 Bias : Z.31 Biaz : —1.30
v'RMSVD (14 m/s to 6.5 m/s) since March 2011. 3 IED 205 1 = 50 ST 87 ST 82 SO c T
2 201
405 5 - . . . .
: : 405 - 4DE -
vIn general, RMSVD for other geostationary satellites are also I1 0 405 Iﬁ Empirical Genetic Algorithm used for the height assignment
0 th 57 m)/ 05 L —————— i e — o FEERRERETEITS 605 ] = of Kalpana-1 winds does not use model first guess as
in the same ranae (5-7 m/s). 0 20E 40E &OE 80 100E 120E 140E 0 Z0E 40E BOE BOE 100F 120F 140E —— =TT ———— - y— ——
g ( ) 30 0 20E 40E &OE S0E 'I"J% 120E 140E 0 20E 40E BRE AOE 100E 120E 140E background and hence the AMVS are erroneous Compared

to Meteosat-7 AMVS.

Validation of Scatterometer Winds Oceansat—I| Winds September 2011 : NCMRWE Remarks

Against NCMRWF T574L64 First Guess . . - NCMRWF GI?AS aSS|m|Ia_tes different types of conventional and
N T T T T T T T T 1/ R remote sensing observations all over the globe.
. _1,5 ................ .l e +‘5 ? ..... : R e o
) NOMEWE: ASCAT Winds September 2071 " B 7 P S o Iﬁ-::nm
NCMEWE: Oceansat—Il Winds September 2071 s - NN/ i 0 e O Satellite data assimilated to NCMRWF GDAS includes
{a) Mean Observaticn (b) kMean Baockgreound ;fzﬁ : ;525 Eﬁ RRRE N P _ _
(a) Mean Observation (b) Mean Bockground N N 3 S . M | T If—g ‘NESDIS / POES ATOVS Sounding radiance data
: i e cuLgnle, v i o ) T oy . L ‘NESDIS/POES, METOP-2 and AURA orbital ozone data
1M : R ot | el | o 1- i N . 5 e - )
,,,,,,, fan e :.E”:"::E, ; 080 5 10 15 20 25 a0 35 40 45 50 b 5 101520 25,30, 35 40 45 50 "% = 1u15 0 2'5{3'& 35 40 45 50 .NASA/TRMM and SSM/I preC|p|tat|On rates
] i 1 P ==.-. B> mpead [moa BG apped {mie BG apapd {im s . . . .
T: gt ol et o et e Bending angle from radio occultation data using GPS
LI TSy T ' IiIIIIIITY ait ot Ly ek No.of CES: 710128 No. of OBS: 863323 Mo. of QBS: 1154238 .
R B ey Sepiaere, 17 TSR B KR Rt Eb T St i barss .t T L E R ' ' ' satellites
]53 comT) A g ]53 R et ASCAT Winds  September 2011 : NCMRWF ‘NASA/AQUA AIRS & METOP/ IASI brightness
et el 1:55555.::‘?{5555E?EEEEEEEEEEEEEEEEE:.EE@ s, ;:Eiiffffii?EEEEEEEEEEEEEEEEEEEE:EE%?? temperature data
g R R R ] e B e e R Araa: 2ON—GON Area: 20S-20M o Arag: SOS-208
PR . BN v LS
45 3 45 E
A e S S S T — ——— ———] | i e §an 4N . - .
15 ISSSSS—_—_"_ )5 . ST TSN AT RO SN N FOF_ROE SHE1ZOEISEE 180 s TGMLZALSON FALATI N 30F AIF alE to0EdolF 150 T m___ A Ifggﬁ ‘AtmOSphe”C Motion Vectors from Geo-Statlonary and
"0 el "l U T te” 1T 0 Tl Pl U 0T el 17 5 10 15 20 95 30 35 40 A0 B0 70 £ iG 15 20 25 30 35 40 50 &0 70 » > 1000 Polar Satellit Met -7 Met -9 GOES-11
5 10 15 20 45 30 35 40 A0 GO 7D E 10 15 20 25 30 35 40 B0 &0 70 gzg | Ol Ei- AT 200 olar Satellites (Meteosat-7, Meteosat-9, -11,
SN S O O O O S I N 0 T O o
(¢} Mean Vector Difference (d) Number of winds (x 100 (2] Mean Vecter Difference {d) Number of winds (x 100 ] Tl e FEIL o L 20 GOES-13, MTSAT-1R, MODIS (TERRA and AQUA))
1N 215 E . ST N :15 E . ............... 10
I o “ L ¥ o SR S 5
g " x| A ¥ R RREE : -Scatterometer winds (ASCAT winds from METOP-A)
]H-::‘ pe IJ|:l 5 1':‘El;5,é'ﬂ,§:5ff.:[,'aﬂ5‘m‘*55° DD 5 1091;5615&55{335 40 45 50 (W 1”91;:53235:3355 40 45 50

sl TRENCCUCERGE ST T e M- _ . . .
m i S b N e BV e No.of 0BS: 1975773 No. of 0BS: 2269749 \o. of 0BS; 3069953 Regular r_nonltormg of_ aI_I ty_pes of observatl_ons are_bel_ng

i N HEE ;5;5;;;5;_ {FaE oo 1en oo e iapes done during each assimilation cycle and daily monitoring

SRR o O o Both OSCAT and ASCAT Scatterometer winds show eports are being generated operationally.
) T g S s B _ lesser standard deviation over Tropics. L _ _
. S N N Validation of Kalpana-1 and Oceansat-2 winds with respect

13 e T g ] 180 1SOWLT0N G0 RO 30w N 3OF W 180 180 1RONLZOW GON A DN 0 AnF Wﬁu R - - - -
Sl T T R e R e e T TR e L e i GRS gl 0l 07 il to insitu observations and first guess is also being done

regularly




