AM SU-B Radiance Assimilation for NOGAPS and COAMPS

«Motivation
~NOGAPS and CO
vapor profil AMSU-B

mid- to upp

* Approach
-0t from the AMSU-B

150 GHz and 183311, 3, and 7 GHz channels.
—Thinned to every fourth point of ever
laitude fo for August 2002 runs.

onthe NOAA-16 polar orbiter.

2002 runs) or one ob per ey higher

hristopher, 2002)

7Alglmhm isaphysical optimal esiimation inversion of
~Equivalent to a one-dimensional variational assimilation (IDVAR) of radiances at each observation poit.
~NOGAPS background (6-hour forecast) humidity profile

4. (2000)

‘speed from the NOX
~Clouds areturned off inthis version of the retrieval

biasin NO
due to heavy cloud or the scene), or which
checks were also rejected.
~NAVD, 1DVAR pmﬂlsof
~1DVAR

—Approximately 45,000 rene/als(sooﬂ mrAugﬁ runs) from the NOAA-16 AM SU-B per 6-hour update cycle are:
* Resuilts
— Corrects NOGAPS tendency to be too moist dxwe 500 mb.

d South Pecifi o
— Thereis also an enhanced humiity gradient at 2o>w off the western African coat. The sironger graient thereis conistet with
the model’swind field, the air mass origin north of 10°N but of that.

to4days

1DVAR AMSU-B minus Control
NOGAPSINAVDAS Assmilation Tests
400 hPag; May 2002

Condlusion: 1DVAR
retrieval assmilation dries
out NOGAPS in the mid
toupper troposphere

ay [£]
NOGAPS DATA ASSIMILATION TEST
500 MB NORTH HEM HEIGHT ANOMALY COR
2002080100 — 2002081800

NOGAPS DATA ASSIMILATION TEST
500 MB SOUTH HEM HEIGHT ANOMALY COR
2002080100 — 2002081800
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NAVDAS Adjoint System

Observation
) Forecast
%)

Background

How (0 adjust the specified Observation
O Er(Hn 2enSIMY e~ and background rrorstoimprovethe
ey NWP forecast?

[ Adjoint of ‘Adjoint of the.
the Data Analyss | | Forecast Model
Sensitivity
Assmiaion [~ S0 Tangent
e system Propagator

Observation Impact
<y-Hix)> @/ 3y)

O G e
on the forecast ac

Data Assimilation Adjoint Theory

*Begin with the linear analysis equation
Xy =%, +K(y—Hx,),
where
K =BHT(HBHT +R)™
*The senditivities of the analysis to the observations and background are

Xa _ T

X -
2=(I-KH)".

, ( )

*Using the chain rule, the sensitivities of the forecast aspect J to the observations and
background are

AN -2

oy ox, '

20 ax,

9 9 Baker and Daley (2000)
ax,  0X, 0X,

Doerenbecher and Bergot (2001)

(1 —HkM 2L
=(-HKDH =

Observation Sensitivity Applications

*Diagnostic (observation taken and forecast error known)
— Impact of observations on forecast error
—Tuning of error variances and other parameters
» Targeting (observation and forecast error not known)
—Test the impact of hypothetical observations
~Potential benefit of satelite data prior to launch
saelliteand
*NRL Core Systems— NAVDAS! and NOGAPS?
*NRL Predictability Research Group
1. Daley and Barker (2000a,b) 2. Hogan and Rosmond (1991); Rosmond (1997)

Observation |mpact on NOGAPS Forecast Error

e} = ajoint estimate of ifference between the 30h and
lar)

B
3 2 24h forecast error in global model (scal
Sy = <(y Hx, ), =2+ > ¥ = obsarvation vector (~ 250,000 0bs)
B X,= background (6h) forecast

*We want an estimate of the impact of the observations on the NOGAPS forecast
error in observation space

Choice of Cost Function

Observations assimiated

. oouTC, i ranew
A ey trjectory, which has forecast error €24.
- €z « Theold trajectory Starts from 18UTC (-6h), and has forecast error €30. It

also provides the background for the analysis a 00UTC.

; « Both forecasts verify ttime +24h.
P < 2an

obsarvations.

“Nonlinear forecast eror isgivenby A€% = €, — €, , where & =((x, ~x,).C(x, -x,))
and Cisthetotal (dry) energy-weighted error norm.

Q error Jkg?) that wind and
“NOGAPS at T79L30 resolution; NAVD/
« Theimpact function o i by

global domain to areduciion of increase i &,,-€x;-
« For complete derivation, see Langland and Baker (2003)
“Fourrié et al. (2002) and Doerenbecher and Bergot (2001) use similar cost functions

Global Observation Impact (by hemisphere)

June and December 2002

~Observation impact ( 6e22 Jkg™) for Southern and Northern Hemispheres, partitioned by
insirument type

“Includes al observations assimilated in NAVDAS & 00UTC.

+ATOVS-temperature retrievals, RAOB-rawinsondes, SATW-cloud and feature-rack winds,
AIRW-commercial aircraft observations, LAND-land surface observations, SHIP-ship surfece:
observations, AU:

Global Observation Impact (by season)

June and December 2002
ocout

- Global observation impact (332 Jkg*) for June.and December 2002
*Includes all observations assimilated in NAVDAS at 00UTC.

Global Observation Impact
(by vertical level)

December 2002

pressure (pa)

oo
oo so0+— 3ot Steam Level
a00-200

200100 surtace Level
1000+

-30 -20 -10 0

« Global observation impact ( §e3? , J kg*) partitioned by pressure level for
December 2002.

“Black solid line within gray bar is proportional to number of observations in
each pressure layer

Sensitivity to Initial Conditions
December 10, 2002

Sensitivity of 24h Forecast Error to ICs
articel ntagral combining Tus B

Global Observation Impact (J Kg-1)
00 UTC 10 December 2002

a  Ravinsonde Profles b ATOVS Profies

IS0k ————— I- 05k’

sexs

“Green: |agem:uq.mm24ngcm forecast erfor. Red: large increase:
e nge: Grey: small

Global Observation Impact for ATOVS

Mitatude sorm vacks:
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