mAdJomt observation impact
for a limited area model

Clark Amerault
James Doyle, Patricia Pauley, Keith Sashegyi

Naval Research Laboratory, Marine Meteorology Division
Monterey, CA



Adjoint Observation Impact

For global systems:

* €,> € observations
e Reduction in error due = 44
to assimilation of obs o Error
For limited area model: / f
« Error not necessarily 6h  0OUTC N ;
reduced Time Langland and Baker (2004)

e Lateral boundaries vary

COAMPS — US Navy mesoscale model, nonhydrostatic, relocatable

NAVDAS — 3D-Var, conventional obs, satellite winds + retrievals



COAMPS Observation Impact

Adjoints of forecast model and DAS quantify value of
each observation in reducing short term forecast error

COAMPS Adjoint

NAVDAS Adjoint
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* Error only calculated over part of domain

* Analysis grid is larger than model grid
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Gradient information propagates Ice processes degrade trajectory for
through lateral boundaries. dry adjoint model integration.




1 wk 12/24-12/31/2010 COAMPS forecasts over US

60 km horizontal grid spacing — 30 vertical levels

For COAMPS (limited area model),
error information is more variable

than global systems
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From Gelaro et al. 2010 — Comparison of NRL NOGAPS, GMAO GEOS-5,
and EC GDPS Systems



Impacts for different domains

12/24-31 2010
Per Forecast

N L R
" Radiosondes -
. e A
4| ] l-‘i!ll 'ﬂl |
3 EUI;HBF-
3 w || A==
S |_l
8
BERRREREREREREE
; LSRR R
¥ = == T T ]
0.9:|Q I:l
o
O.4 g_
EPAC RSl
-0.8 3
o
1 w
BT
: PEgos g F
SW Asia 1M
BT
i : PEgos g

Value of observations depends on area where error is calculated



Horizontal Grid Spacing

COAMPS 12 hr impacts 05/21-28 2011
45 km 20 km
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35% of 20 km COAMPS adjoint runs failed

Similar results for successful cases
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COAMPS forecasts over W. Atlantic (Ax=45 km — 30 levels)
08/19 12Z - 08/22 00Z 2009. ~ 500 UAV Observations

Per Observation * 1000

No Radiosondes

Observation Tvpe

0.05
0 — s R ul:ll:l
N O = =
-0.05
017
-0.15 1
0.2 7 1
-0.25 1 1
037 1
'0'35m-cmmmgm-cs,c-c_c-c,: m g
CSf<cxzFE 2 E s €S>0 2
SZaRETRISZEARTe 0
A=28<- Fgkghos=F
o< % Uuﬂ§
LR
2 <
Observation Tvpe
0.05 —
07 o = — =
ol 5N
017
-0.15 1
0.2 7
-0.25 7 1
037 1
'0'35m-cmmmgm-c,:-c.c-c;: m g
O gz F €5 8 28 °2>0 2
§3Q854m55333;<au
azzqi.—l E%QQ;D:IE
A
Z g

UAV Observations

Importance of UAV observation increases

when radiosondes are not available




High Density Hurricane Hunter Observations

30 sec flight level data in vicinity of storm (includes moisture)

mage Index

1:2010AUG25/15:00:00UTC
2:2010AUG26/5:00:00UTC
3:2010AUG27/13:45:00UTC
4:2010AUG28/06:45:00UTC
3:2010AUG29/00:15:00UTC
6:2010AUG30/03:45:00UTC
7:2010AUG31/10:15:00UTC
8:20105EP01/12:45:00UTC

9:20105EP02/11:45:00UTC

10:20105EP03A11:15:000TC
11:20105EP04/04:45:00UTC
12:20105EP04/16:45:000TC
13:20105EP05402:15:00UTC
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Hurricane Earl (2010)

TEOFLCAL DEFR
TEOFLCAL STORH

= CATEBORY &
Mol
Bl ) McIDHAS



N\ Tro

2
*

pical Cyclones — Synthetics vs High Density Obs

COAMPS Ob Impacts 12 hr forecasts 08/28/00Z- 09/04/12Z (TC Earl 2010)
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Future Considerations

eConsistent “Truth”
eDifferent metrics

eImpacts for tactical scales (space and time)



Error Estimate

Difference in error can be estimated from
observation or model grid point sensitivity
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