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(background error estimate)#x * 7 NMC (National Meteorological
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(1). LR F #L (observations)
B exhody T (DennisKeyser)
- http://www.emc.ncep.noaa.gov/mmb/data_processing/data p
rocessing/
B All* observations packed in BUFR
BRI TR

- & %3 (conventional data)

« In-situ: soundings,AIREP, buoys, ...

e Ex-gtu: cloud drift winds, SSM/I wind speeds,
QUIKSCAT winds, profilers, ...

B % E & (Brightnesstemperature)
- GOES-10, -12 sounder
- POES Brightness temperature (Th)
« NOAA-14,-17 HIRS
« NOAA-14 MSU
« NOAA-15,-16 AMSU-A
« NOAA-15, -16, -17 AMSU-B
B %35 (Ozone)
- NOAA-16 SBUV/2
B i 5 5 (Rainrates)
- SSM/I & TRMM TMI

- Currently 1.0° superobs

(2). ¥Rl & (guess)
B %= (Regiona)

—  Currently uses forecast valid at analysistime



- Single atmospheric & surface file (grid values)
- Binary (operational) or NetCDF format
B > 5k(Global)

- Currently uses 3, 6, 9-h forecasts spanning + 3-h time
window about analysistime

- Separate atmospheric (spectral coefficients) & surface
(grid values) files

- Binary format

Option exists to read up to 100 atmospheric/surface state
guessfiles

(3). K% i (fixed)
B ¥R EFAL
- % #-Regiona
« regiona_berror.f77
« Contains default statistics for any regional domain
«  Statistics based on GFS (NCEP global model)
- 2> Zk-Globa (sigma)
« global_berror.|${levs}.y¥{ lats}.sig.f77
« levs=28o0r64
« lats=96 or 258 (correspondsto T62 and T254)
All background files are binary files
B  Community Radiative Transfer Model (CRTM)

- Binary files, one each for spectra and transmittance
coefficients

» global spectral coefs.f77



« globa_transmittance coefs.f77
- For more information see

«  http://cimss.ssec.wisc.edu/~paul v/Fortran90/CRTM/
Prototype/
B InfraRed Sea Surface Emissivity (IRSSE) model

- Single binary coefficient file
« global_emissivity coefs.f77
- For more information see

http://cimss.ssec.wisc.edu/~paul v/Fortran90/Emissivity/
Sensor Emi ssivity Model/

2. GSl %%
D). %FES
B Fortran 90/95
(2). Libraries (info below based on NCEP Al X build)
B NCEPlibraries
- BUFR - libbufr_d_64.a
« Used to read observation files
- W3- libw3 da
«  Used to manipulate date/time
- Splib > libsp_d.a

« Used in global mode to perform grid <> spectral
transforms

B Brightness temperature assimilation forward models
- CRTM = libcrtm.a

« Contains code for radiative transfer model and



jacobian
- IRSSE - libirsse.a

« Contains code for IR sea-surface emissivity model

(3). Libraries (based on NCEP Al X build)
B NetCDF
- pmigt A 350

- TR
http://my.unidata.ucar.edu/content/software/netcdf/index
.html

® WRFI/O
- P ®
«  $(WRFPATH)/frame/internal _header_util.o
$(WRFPATH)/frame/pack_utils.o
«  $(WRFPATH)/main/libwrflib.a
«  $(WRFPATH)/external/io_int/libwrfio_int.a
«  $(WRFPATH/externa/io_netcdf/libwrfio_nf.a

- e xk 33 http://www.wirf-model.org/

(4). TRAFS F ZE f#*&;ﬁs (Machine dependent configuration files)
RN S Ll
- Makefile.conf.AlX
- Makefile.conf.AlX.omp
- Makefile.conf.IRIX
- Makefile.conf.IRIX64
- Makefile.conf.Linux



- Makefile.conf.Linux.|A64.ifort
- Makefile.conf.OSF1

B B BRI G270 NP FaE- BREp
Tk 8t Makefile.conf.YOUR_MACHINE

(5). GSI-make
B {3 Hmake
- FERLA B EATRE & DFE AR
o % % GY libraries
o Y& compiler ~ % 7 £ guEIE - library -
Y Y L
- AR RIS ik /configure
« Links Makefile> makefile
« LinksMakefile.conf &g & enz¢ fﬁ;}%:ﬁs
- 471454 “make” or “make —f makefile”

B S h® FimiFe 224 globa_anl i& B3 7 4%

2N il i

ZAFHE S R R AL BTN E R S R
Byt B R5d 4R 5ofie(cost function)m %k

R Sd(]) = FREQ) + BRFEQ) + HLAEQ)

J = S B X Z(H0- ) (E+F)AH-y)+3°
J = Fit to background + Fit to observations + constraints
x = 4~ ¥ 3¥(analysis)

* = % B 3F-(background)

x
Il

10



B = #F:#&Z+ > £ (background error covariance)
H = @p|#& iv+ (observation operator)
y° = i3 (Observations)

E+F= R = & =B B B ¥ (instrument error) + % 7+ # £
(representativeness error)

J¢ = % % 3% (constraint term)

GSl g4 73
GSl ~ 47 =15 ¢ A 73 F B 3 wrf_inout i&4%% - # 5 netedf
FRAN S P F AT
(1). & (dimensions)
Time= UNLIMITED; //(1 currently)
DateStrLen = 19
west_east stag=153 > kT L& = v el
south north stag=141-> kT a2 # 3 » 8
bottom top stag=21 > =+ & * w» Ef i
west_east = 152
south _north = 140
bottom top =20
soil_layer_stag=4-> 2 3k #
ext_scalar=1
(2). % #k(variables)
B charTimes> B/

B float U > X _Wind Component X = & ek 3
B floaaV —>Y_Wind Component Y = = ek 3
B float T - Perturbation Potential Temperature(theta-t0)

11



float MU > Perturbation_Dry Air_Mass In_Column
(pascals)

float MUB - Base State Dry Air_Mass In_Column
(pascals)

float QVAPOR > it ;B

float MAPFAC M >Map_Scade Factor On Mass Grid
Mass 1% F # B * Rk

float P_TOP > P i 78 chficie

float ZNU - Eta Vaues On_half Levels & mass i & eta

7L
1B

—_—

float ZNW - Eta Values On Full Levels % P A& % eta
=8

float XLAT - Latitude A&

float XLONG->Longitude & &

float RDX - Inverse X Grid Length

float RDY - Inverse Y _Grid Length

float PHB - Base State Geopotential & ~ =%t 3

float LANDMASK - Land Mask 4 3~ :},E*}TELL

float XICE - Sea lce /4 7k

float SST - Sea Surface Temperature ;= = & §

int IVGTYP > Vegetaion_Type & 4% 7] ik

int ISLTYP - Soil_Type * # 4] f&

float VEGFRA - Vegetation_Fraction & 44 vt

float SNOW = Snow_Water Equivaent -k 7 &

float UL0 > U _at 10m &g 10 = & ehl d > » h & (M/9)
float V10> V_at _10m & 10 2 ¢ 1@ A = % | i (m/s)

12



B float SMOIS > Soil _Moisture 2 3 % &

B float TSLB - Soil Temperature * 3% & (K)

B float TSK - Surface _Skin _Temperature ¥+ % ;& & (K)
(3). FHm (attributes)

B TITLE="LAPS BACKGROUND INGEST”
START_DATE="2006-02-22_21:00:00"
WEST-EAST_GRID_DIMENSION=153
SOUTH-NORTH_GRID_DIMENSION=141
BOTTOM-TOP_GRID_DIMENSION=21
GRIDTYPE="C”
WEST-EAST_PATCH_START_UNSTAG=1
WEST-EAST _PATCH_END UNSTAG=152
WEST-EAST_PATCH_START_STAG=1
WEST-EAST _PATCH_END_STAG=153
SOUTH-NORTH_PATCH_START_UNSTAG=1
SOUTH-NORTH_PATCH_END_ UNSTAG=140
SOUTH-NORTH_PATCH_START_STAG=1
SOUTH-NORTH_PATCH_END_STAG=141
BOTTOM-TOP_PATCH_START_UNSTAG=1
BOTTOM-TOP_PATCH_END_ UNSTAG=20
BOTTOM-TOP_PATCH_START_STAG=1
BOTTOM-TOP_PATCH_END_STAG=21

DX=9313.789F
B DY=9313.789F

(@. F#4h(data)
B  Times="2006-02-22 21:00:00”

13
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B U=-10.71032

.........

=), REFTP AR FERR{-REPN B ELTE L GREL
1.

=X opy
P

L5 R R e ) 3R

=\

g3 GSl FRZEFEH £ 3 e AR* 7 IER AR

£ mass-based ¥ 2 A& 1% n=M » u=n,-nx ° =4_hydrostatic
o)

pressure> s & & @ t A& < §F &8 > p & columnmass: e F

#* Arakawa C-staggeringe #1143 & %5 GS| A 47 3 L & Jf 4 $
B R o A ATl TR > v B S mass
B %> C-staggering < 4% 12 0 Fpt Tkl ek Uk 1548 4 (mass> P)
{e unstagger iEA4% > A EIEFH N EER Y hF WRFe 57 3E
TR F B iR B %A HN (WRF, MM5, RAMS, SFM,

CDF)# * » b Jf i 45 56 % enFORLE - = & (massdp)frik 1
A Z (unstagger) iR o 1t & LAPS i * ekl st o

Yo im L A AT F R R P

FLBARENEFEEFREF AP EE > LR

Al

e NBGEY o R S HcE R &S ity F 53

] F‘/Eﬂ

# %722 4 (truncation error)

L
f
g2 o - Hm T LN AL N R LA TR AL

H g TR EHPE R
EL
L

P e H A dyp
* (Iteration) sndicie = = ¢~ g4 <

EA g SR 0 D

14



FAHAechR F G 2
IS SRR e L L

BTSSRI

AR RBEEARE Y 0 F 2 BRI AARY BT
B FHRZEORREHPNBEEHARE DR
B LIPS 2 A 2 2R AR RS ?

F i 70T it
BT SRR GOl A AT ind AR A R B e
BB RE o R R B AT Y R (Rt B
)

B CiE A 3 (P> mass>P) ~ 4 # p 3E (stagger-> unstagger)
ST i A B3

gt F R RRITE > R LY S RAT B H B

(P>mass=> P) 4 f (Stagger-> unstagger) &2 i ch 4 B 3ot i &
BN ST A LR AL o T B

BA B Ao 2 s L R 0 BT T hd Bhetiefoip]R

D). &3 £2E BFOiFTR

Bl 3A L7 PR it warkTh (U)s 4735 (508 &R
B 6 @ﬁ F B F) e hde kT h (U)F B F4p R an & o
Be T g A F gL g A -T-5.7(ML B o F & i
FAEHRFILE /\ # . 100-300mb ~ 400-500mb ~ 800-950mb z_

o 2P s aEd @ ;,Iﬁ,l__rs)é]m100300mb7 % Tm/s>
@ 400-500mb 4= 800-950mb ~ F L 35X 2.2m/s &L L & - B 4
H AP pq.’ii‘a%‘?:’)"m#ﬁz}?“‘ﬁi’ﬂg’%ﬁ' L R A E D

“m\k
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?"@zﬁ“ » 7 4] 100-200mb 2. FF 3 = m;ﬁ'-éi—_ » @ 12 150mb T e
EHEABEZO69Ms a BB MERETLG PR OREL A
T BEFR A M BEPIT T AR T RAT T
FEI ) RPN ETA S m?ﬁi’ﬁiigﬁiﬁ o ¥ ¢t 3@ 4
B ERle® T UF R BA AL R AT & 150mb K it o #
LTS R R (R R)A F el o AR 5 B F fpteen
w@mkg’?u@ﬁﬁgmi@ﬁpi*mzi VLEF
PeRep 3B N RAL o TRt AR B R Z PR AL 0 A RS

75 R ﬁr-“/fft FETOA_F AR, ‘Hf?‘— ﬁf"‘ o REF eI PAE
33 mass-based e A AR o AN S R BH R T

B 1 g ERG A L EFFOFIF L 150mb F &
T o RS SWEARSN PRI o FL S G R L AR 60 RA
F B AL B 150mb % o sEL #ciE e ) 1 R 4 05mis e
i 300mb 2k v B AR efiES ol 5 3miss it R
AR T 6.9MSE T LR o

(2. % B rELp &

B BEFTARDS FARFLERL el P vy 2R
P RRER PETAR T HEE AR i E 3K
BRSO o RTREHDF R PN FES L Rt oA P B
U epfES 2 AR BGE - RPN ABERAE2R
rficlp ot LA R FlP T d g e 2 B R
B 2 AR i RENEHE - LHgr PRI > 7
B BRR PR BE2 B L AR o T bRy ol R ®
LR e AT JE A 2 3 & 4B FE S AN Sl M F
kil uﬁ%ﬁmﬁﬁﬁﬁljgﬁwﬁiﬁﬁﬂﬁﬁt%ﬁ F AT AT
e FEE o B 7 5 BIFPFETE D A R T o
b AL 5 mis mtg%cﬁ’i%‘r}iézs;wwé.i SR N
Bm/s £ ] 3Bt o ¥R 8 andp et B kg 0 T LT
EHERA FEHLIES Ri] > MEMR2 e BT 0 R F
e TR B AN DN BT J E IR L ek o
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FIZI: F o e X § R AEFF R LR UHELD
ﬁ;ﬁéﬁﬁﬁzﬂﬁﬁmé’%ﬂ“$%ﬂﬁ’4?m‘¢$ﬁm
kEFSDLEAFERSANAAMARFA DL X RLE o F o R
TERERPHF 5 F 2R 5 o [P B T4k A E R TR
NOAA/GSD & ie4 B 2 #Bhsiztp £(GSl) » A1 B it i 47§
WEIFAFHEAL R GERI LA, (BDVAR) A7 E o KA o
BRI s d AR 2R A R R E T e PR L
By T Ay ARy o
L. P A& B Seenlipl TR 5 @SRBIFARGE S ~ 4pda ~ P2

BURIFTH)E §EFR 0 L f?n‘ TR N R L I - R

LT a2 e S I T R
2. B w GSl 4 7 & 5o {4 fads (cold-start) e 472 2 > 4w FIRRE

PEIFARIFE L nF & > F & 4o » Ffads (hot-start) » # 4 {2k 2

3. # B £ 5 £ (background error covariance)shsiit £_F & 4<% 4
FUARE TR AR @R R A BT FF A AL R

e § AR 2 R EORIEAR R AEIR B R Y AR S A 4Tk
S efandE R L 7 & - ﬁ;i&f\?’ ZoovEg A WP YRR A A
FIRAGHFEERR -
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Purser, R. J.,, W.-S. Wu, D. F. Parrish, and N. M. Roberts, 2003:
Numerical aspects of the application of recursive filters to variational
statistical analysis. Part 11: Spatially inhomogeneous and anisotropic
genera covariances. Mon. Wea. Rev., 131, 1536-1548.

Wu. W.-S,, R. J. Purser, and D. F. Parrish, 2002: Three-dimension
variational analysis with spatially in homogeneous covariances. Mon.
Wea. Rev., 130, 2905-2916.
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LAPS IIT Configuration

Error
- Covariance

Post proc1 Post proc2 Post proc3 i

W1 : LAPSII i
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GS| Code - Gener_al Flow

User input & Eg%ﬂt: Additional
 initializations R tas Imtlahzatlons
. observation 1

Quter loop | __

a) (Read/distribute) guess & derived fields
b) (Read/distribute) background error

¢) Compute/qc O-G & prepare for inner loop
d) Call inner loop -

‘Compute gradient information |
Ii Apply background error
iii.  Compute search direction
iv. Compute step size
Update analysis increment

| Write analysis & related output

B 2: GSlinAZRIZEH

20



1% 7541 755 3k coreE oro

] Component (analyzed) (kt) / . 06 1800 UTC
difference field T 28—. 00 UTC

W31 At e kTR (U)A 453 (UG8 B ke e 1 ) 36 L i oD
TR H) e hde kT b (U)F F 3400 v i %
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1% 17541 755 3E lCoFeE oRo

U Component (analyzed) (kt) VI 1%—Jul—
difference field VT 17—=Jul—

Bld: L2 ef®RH 4 38 0kT b (U)A 4735 (58 AR frgfe p
FEEILE T ) ok kT h (U)F F 34p R i %

22



Bl 5: L3 PR RH e 3R VKT b (U)A 47 5538 & fr i p
FERILE F B ) o hde kT h (U)F B 35 fpseant i %
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1% 17541 755 3E lCoFeE oRo

R Component (analyzed) (kt)
difference field
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