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The normal mode expansion is applied to the ensembles of analyses and forecasts produced by using the CAM 3.1 T85 model and

Diagnosis of model biases by using DART

Summary

the ensemble adjustment Kalman filter (Data Assimilation Research Testbed system - DART). The selection of normal modes
accounts for over 90% of the flow variance in the free atmosphere. Of particular interest are large-scale divergent motions.

Result show that about 12% of the wave energy is associated with the inertio-gravity motions, and that the difference between the

eastward and westward propagating waves is due to Kelvin waves.

Motivation

@ Divergent tropical circulations crucial for understanding the climate but
unreliable from present (re)analysis

@ Unclear how large part of the global atmospheric energetics pertains to the
divergent motion i.e. inertio-gravity waves.

@ Large-scale equatorial waves in recent years diagnosed from different mass-
field observations and models, but exact quantification of their variance and
dynamical relevance not completely understood.

Objectives

@ Apply normal mode functions (NMFs) to the analysis and forecast fields to
quantify percentage of energy contained in balanced (Rossby) and inertio-
gravity (1IG) motions.

@ Estimate energy spectra for the Community Atmospheric Model (CAM), with
emphasis on the large-scale divergent motions (tropics).

@ Compare analyses produced using CAM 3.1 T85 and the Data Assimilation
Research Testbad (DART) system with other analysis datasets

@ Analyze model biases by carrying out the “perfect model” experiment

Tropics: Questions

@ How much of the large-scale tropical circulation is made
up by the Kelvin wave, mixed Rossby-gravity wave, other
Inertio-gravity waves?

@ How is this dependent on the model resolution,
physics, biases?

@ What are the spectra of forecast errors
In the tropics like? How are the tropical forecast
errors spread across the scales and motion types?

@ What modes do the biases project onto?

@ How important are Kelvin, mixed Rossby-gravity and
other large-scale IG for tropical and global the data
assimilation?
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Datasets

Three analysis datasets for July 2007, global fields every 6 hours

@ DART/CAM: ensemble mean of an 80-member ensemble produced by the DART

system. For details see http://www.image.ucar.edu/DAReS/DART/. The CAM
version is 3.1, horizontal resolution T85, 26 vertical levels up to 3.5 hPa.

@ ECMWEF operational analyses: 12-hour 4D-Var system, Cycle 32r2, T799
Interpolated to N64 grid, 91 vertical level up to 1 Pa.

@ NCEP-NCAR reanalyses: 3D-Var system, T46 horizontal resolution, 28 vertical
levels up to 2.7 hPa. An old system compared to the operational NCEP data.
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Tropical winds in 3 analysis datasets in July 2007

DART/CAM: u wind, 370 hPa, along 5N  NCEP: u wind, 370 hPa, along 5N ECMWEF: u wind, 370 hPa, along 5N
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Normal mode expansion

Applied set of orthogonal modes was derived by A. Kasahara (Kasahara and Puri,
MWR, 1981). Basic idea in the present application is to select the subset of modes
which provides the best fit (best correlation and variance fit to the input grid-point
fields) & tuning of the truncation parameters N,, N, N,

Nm

— number of vertical modes, index m

N, — number of meridional modes per wave type, index n

N, — number of zonal waves, index k
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Energy distribution in CAM

CAM po: July 2007
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Vertical eigenstructures for CAM
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@ Truncation parameters selected for CAM are: N, = 80, N, = 25,N = 25.

@ Verification of the expansion into NMFs performed by comparing input fields to
those obtained after projection and its inverse.

@ On average, expansion accounts for over 90% of the variance above 900 hPa
which allows reliable quantification of the percentage of energy contained in
various motions.

@ Correlation coefficients are between 0.9 and 1.
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Large scale flow in CAM/DART analyses compares well with other existing analysis datasets, i.e. NCEP-NCAR and ECMWF
analyses. Comparison of three datasets illustrates the uncertainties in the description of the large-scale tropical circulation.
Tropics are also the area with largest biases in three studied datasets. It is proposed that the “perfect model” assimilation
experiment be utilized as a diagnosis tool for understanding model biases in terms of various motions types and scales.
Tropics as envisaged by A. Gill (1980): CAM/DART analyses
Rotational modes + MRG Inertio- graV|ty modes ; Eastward inertio-gravity modes » Kelvin modes
40 =g = = =TT - = = = e D——————=—7 o e L S0 = 7 M T T T T T T T T o s YO RO T T , L T T R T R T
i “T‘\Qur'f( .1 \% == T ' ;":‘-; ;*” 5 '" :::?:-"'j’ : _ _‘ DLt N "_':' R T :: ". R \,‘ B 1 ' \ :'. : * “ | = gn LA S f :. -__ . 3 { é’ ; “__. ;"_Z."_ ! _J R St RN NG ‘ TR o
S NGRL * O g m | SR ST ) dees ST
T 5 G|SEEEEiEiifiiiiiiiviiiis LRSS ZiEZi)igi Wi aiia Ry & S oESS3Sssii (i) DAINEIIEESIELERSE) FEES
o BTN = e e it J ARG |
© 205 27K WLEE s ) 20 - IR :
N | SESONNN i isEEs L g RER . | | SErEnl | r
-40 b~ 15~ Y \ < G =40
R T . T | HE | e R
0 = . AT N =t s EERTES = ' rit
O brerd 20 -20 S = S
o0 ;77 o | | ! 0 | | i
15"0' 40 40 -150 -100 -50 0 50 100 150
longitude longitude longitude longitude
CAM level 22 (Y88 hPa), average |G circulation in July 2007
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Conclusions

@ Large-scale flow in CAM/DART analyses compares well to other existing analysis datasets.

@ Tropics are areas with largest uncertainties in existing analysis datasets. Tropics are also the area with largest
biases in three studies data assimilation systems.

@ Normal mode expansion allows to quantify energy in various motions and to modify traditional view of inertio-
gravity motions as junk. With normal modes it is possible to quantify variance in various tropical divergent
motions and its relevance for data assimilation.

@ Application of normal modes offers a physically attractive approach to quantification of uncertainties in
analyses and forecasts. Uncertainties vary in time and space, thus an argument for a flow-dependent estimates
of the forecast errors, i.e. the ensemble data assimilation. The normal mode application may also help to address
modeling aspects such as model-error covariances and initialization.



