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Outline

» Loosely coupled ocean-atmosphere data assimilation.
» Comparing model forecasts to observations (and analyses).

Ocean; conventional + surprising, but sparse
Atmosphere; old standbys and exciting newcomers
Tools for exploration

» Other uses of analyses and short forecasts.

Comparison with model output in model space
Initial conditions for forecasts
Identification of model formulation errors



A Loosely Coupled, Ocean-Atmosphere, Data Assimilation System
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CAM analyses:
CAMA4 initial files; posterior ensemble mean of state variables POP analyses:
prior ensemble mean of all other variables

CLM restart files; prior ensemble mean of all variables temperature,
CICE restart files; prior ensemble mean of all variables salinity,
velocities,

_ surface height
CAM state variables=PS, T, U, V, Q, CLDLIQ, CLDICE

Prior = values before assimilation (but after a short forecast)
Posterior = values after the assimilation of observations at that time



Observations for 1998-1999

Temperature and salinity from World Ocean Database.

| S

FLOAT_SALINITY 68200
FLOAT_TEMPERATURE 395032
DRIFTER_TEMPERATURE 33963
MOORING_SALINITY 27476
MOORING_TEMPERATURE 623967
BOTTLE_SALINITY 79855
BOTTLE_TEMPERATURE 81488
CTD_SALINITY 328812
CTD_TEMPERATURE 368715
STD_SALINITY 674
STD_TEMPERATURE 677
XCTD_SALINITY 3328
XCTD_TEMPERATURE 5790
MBT_TEMPERATURE 58206
XBT_TEMPERATURE 1093330
APB_TEMPERATURE 580111

Autonomous Pinniped

Observations of ocean currents are also available.



Exploring in Observation Space: MATLAB linked windows
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WOD observation

= B v )
Shortcuts 2] How to Add 2] What's New
52} wQOa x
LE 2| oL - Stack: [ No valid plats for: obsm... v BHODB &0 » x
FH obsmat <2739x9 double>
1 2 E 4 5 6 7 8 9
236 340.0700 61.0000 200 8.8950 8.8613 0 613 7.2976e+05 p =
237 340.0700 61.0000 250 8.9310 8.8631 0 614 7.2976e+05 p.
238 340.0700 61.0000 300 8.6230 8.8421 0 615 7.2976e+05 ZE
239 340.0700 61.0000 400 7.0700 8.6502 0 616 7.2976e+05 Z
240 340.0700 61.0000 500 6.6250 8.3299 0 617 7.2976e+05 p.
241 340.0700 61.0000 600 6.2390 8.0034 7 618 7.2976e+05 p.
242 340.0700 61.0000 700 5.8530 7.6989 7 619 7.2976e+05 Z
243 340.0700 61.0000 800 5.4670 7.2985 0 620 7.2976e+05 .
244 340.0700 61.0000 900 5.0810 6.7805 0 621 7.2976e+05 .
245 340.0700 61.0000 1000 4.6940 6.2161 0 622 7.2976e+05 z
246 340.0700 61.0000 1100 4.3740 5.6387 0 623 7.2976e+05 .
247 340.0700 61.0000 1200 4.1000 5.1041 0 624 7.2976e+05 p.
248 350.5500 42.1500 0 15.6000 NaN 4 1 7.2976e+05 p.
249 350.5500 42.1500 10 15.5900 NaN 4 2 7.2976e+05 Z
250 350.5500 42.1500 20, 15.5600 NaN 4 3 7.2976e+05 p.
251 350.5500 42.1500 30/ 15.5400 NaN 4 4 7.2976e+05 .
5es "_zsn_xsao_nu_'lmn BN 15 _EANN Rahl A K 7 _2Q7RasNk }‘:'
- o 02 x
»>> Tink_obs(fname, ObsTypeString, ObsCopyString, CopyString, QCString, region); =
N = 1520 FLOAT_SALINITY (type 15) tween levels 0.00 and 1400.00
N = 7019 FLOAT_TEMPERATURE (type 16) tween lewvels 0.00 and 1500.00
N = 670 MOORING_SALINITY (type 27) tween levels 0.00 and 20.00
N = 16228 MOORING_TEMPERATURE (type 28) tween levels 0.00 and 500.00
N = 1419 BOTTLE_SALINITY (type 30) tween levels 0.00 and 5000.00
N = 1568 BOTTLE_TEMPERATURE (type 31) tween levels 0.00 and 5000.00
N = 4328 CTD_SALINITY (type 32) tween lewvels 0.00 and 5000.00
N = 4916 CTD_TEMPERATURE (type 33) tween levels 0.00 and 5000.00
N = 38 XCTD_TEMPERATURE (type 39) tween levels 0.00 and 1000.00
N = 1440 MBT_TEMPERATURE (type 41) tween levels 0.00 and 500.00
N = 23881 XBT_TEMPERATURE (type 43) tween levels 0.00 and 1750.00
DART quality control is QC copy 2
DART quality control is QC copy 2
replacing copies with [1 < QC flag < 5] with NaN
QC summary follows:
(DART quality control == 0) 1904 obs [assimilated]
(DART quality control == 4) 594 obs [prior forward operator failed]
(DART quality control == 6) 7 obs [prior QC rejected]

(DART quality control == 7) 234 obs [outlier rejected] B
Jx >> -
d ] )
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Typical Daily Atmospheric Observation Set Coverages
(e.g. 12/6/2006)
Radiosonde ACARS/Aircraft
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Observations of moisture and pressure are also available.



hPa

100
150
200
250
300

400

200

Exploring in Observation Space: Bias, RMS Error, and Obs Count
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GPS occultation forward operators
Local refractivity:

— Interpolate model pressure, temperature and
moisture to tangent point.

— Calculate density, then atmospheric refractivity.
— Compare refractivity from COSMIC DAAC.
— Max of 15 tangent points below 13 km per profile.

Occulting GPS

Satellite
S Time Delay & Bending Angle

Provide Density vs. Altitude

Occulting LEO

Satellite



Exploring in Observation Space: Time series of

RMS Error, Total Spread and Obs Count

GPS Radio Occultation Refractivity ~1000m

Southern Hemisphere

rmse pr=6.6609, po=5.3202
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DART-CAM Specific Humidity Analyses (and more) @ 992 hPa
Ensemble Mean, 0-21 g/kg Member 1, 0-21 g/kg

Ensemble Spread (Analysis Uncertainty!), 0-4 g/kg Prior Ensemble Inflation (time+space varying), 0-7




CCSM4 (POP+CAMA4) Decadal Prediction Initial Conditions

Figures and analysis thanks to Alicia Karspeck

@ 05, POP/DART ICs, Jan 1, 2000 (D Analysis (avg T in top 250m of N. Atlantic)

from POP/DART assimilation.
@ ICs from a hindcast forced by CORE?2
historical surface fluxes.
@ Difference of 2 from 1:
10 — Gulfstream fails to turn north @ 45W
— Gulfstream too broad off east coast
— North Atlantic drift eastward and
southward is too weak

50°W  40°W

@ ICs from hindcast, Jan 1, 2000 @ Hindcast error, Jan 1, 2000




2 Year Lead Forecast; Monthly Means

POP/DART analysis, Dec 2001
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Benefit of improved ICs lasts at least 2 years.

Other results imply benefit to at least 5 years.



Improving Climate AGCMs with
Data Assimilation

6-hour forecasts from analysis ICs.

Instantaneous meridional velocity (VS).

Default (CESM 1.0) damping; 2 dy and
2 dx noise O(several m/s).

Masked by time averaging or
regridding.

V* damping (Peter Lauritzen);

reduced noise; not per&\

Examination of climate model output
in a data assimilation framework helps
identify model deficiencies.




CAMA4’s cloud response to sea ice loss; July 2006 to 2007

24-hour forecasts started from DART/CAM
analyses identified erroneous cloud response

to disappearing sea ice.

Jen Kay found that low clouds were only
diagnosed over open water, not ice, and

the low cloud scheme should have required

a well mixed boundary layer.

Short forecasts with a climate model from
analyses, compared against observations,
point to model improvements.

July CAMA4 Forecasts

July CAMA4 Forecasts
with CLDST_MIXBL

Observed ice fraction loss

Total cloud 2007-2006
difference (fraction)
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Data Assimilation; not just for experts anymore

DART has been engineered to minimize the effort to incorporate new models.
Full complexity models have been interfaced to DART in less than a week.

Many geophysical models already included: CAM (several versions), POP (CESM1),
MITgcm_ocean, AM2, COAMPS, ROSE, WRF, NOGAPS, NCOMMAS.

New observation sets can be incorporated with similar ease.

Model interfaces are independent from observation interfaces, so that any model
can assimilate any relevant observations without additional coding.



Summary

DART provides a flexible, convenient, rigorous environment for:

» |ldentifying model deficiencies and biases relative to real
observations, both in model space and in observation space;

» Generating analyses for use as forecast initial conditions and
for evaluating forecasts;

» Evaluating the forecasting skill of models.

Learn more at www.image.ucar.edu/DAReS/DART
Contact us at dart@ucar.edu

NCAR




Mean Temperature Bias (0-294m)
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Coupled Free Run

DART 23x1
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Physical Space Detail: SST Anomaly from HadOI-SST
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CCSM4 (POP+CAMA4) Decadal Prediction Initial Conditions

POP/DART analysis

Figures and analysis thanks to Alicia Karspeck

Ocean State Estimate w/ assimilation

Jan 2000
25
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Jan 2000

0

lllustration: average T in top 250m

of N Atlantic from:

(1D POP/DART analysis (used as ICs for “POP/
DART” forecast),

@ ICs from a “hindcast” forced by CORE2
historical surface fluxes,

@ Difference of 2 from 1.

@ Difference from ocean state:
CCSM4 forecast from ocean state w/o assimilation
600, Jan 2000




Year 2 forecasts (to be continued...)

Ocean State Estimate w/ assimilation
Dec 2001
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Benefit of improved ICs lasts at least 2 years.
Other results imply benefit to at least 5 years.



