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1. Introduction

DWD introduced a new global nonhydrostatic Assimilation of radiances: ICON (ICOsahedral Nonhydrostatic
model on 20 January 2015. During the ®* AMSU-A: channels 9-14 everywhere, modelling framework):
adaptation of the operational data 5-8 sea only | ® Nonhydrostatic model, mass-conserving
assimilation system to the new model several  ° ATMS:as AMSU-A, but 3x3 superobbing ® Icosahedral grid, C-grid stag., 13km resolution
o . . - -

problems occurred, that were traced back to = f\l/? ﬁlhi””\fvsﬁse? O':j'{j ot ® Convection: Bechtold, radiation: RRTM
feedback processes between radlances and CNally-vvalls ciou etecton = Terl‘aln-fO”OWIng hybl‘ld o0-z coord.: 90 Levels up - A,
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model physics/dynamics. Three feedback B . iy - - Fioure 1
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processes are presented and discussed here. e onjine bias correction (ECMWF predictors)

2. Convection scheme feedback
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The model stratification in the Tropics Is too stable: it is too cold in the . _ . ¥ i o
boundary layer and too warm in the middle and upper troposphere. As a 2 ; . £ 2 g ] | . g
conseguence obs-fg for tropospheric channels is negative on average. 200 g - 5 g o L 5,
The assimilation of these channels results in the following feedback: > 5 Far TS 50 | 21 T
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sensitivity with a peak slightly below the temperature peak. (See 500 B | | min = ~0.786769 [ DEEEERY . eyt
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' . ) 600 Figure 5: zonal mean time averaged temperature analysis increments for two different periods. Left: fall 2014 (preop.), right: September 2015 (op.)
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5) Heating in the middle and high troposphere 1000 oo o J b L _ _ ,
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6) Even more negative obs-fg — 1) qure 2 Jacobian;l;fAMSU_A U 6q temperature analysis increments. In both examples there is a 1774
| prominent checkerboard pattern in the tropical stratosphere. S i :8887
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Problem: In first data assimilation tests with ICON this feedback was so strong, that the model behaved They occur only, if radiances are assimilated. Fig. 6 illustrates a pl=— —.3547
istic | ics: i ' ' ias | ' ) ’ . : N : o —.4434
completely unrealistic in the tropics: the excesswe_con\{ectlon cau_sed an excessive warm.model blgs |n.the_ middle strong increase of noise in the tropical stratosphere, if radiances fp——————— = e
and upper troposphere. As a consequence the online bias correction tried to correct for this excessive bias in the are added to the assimilation system. This result supports the T a0 30 0 a0 6o mox = 0532063
tropics and got out of control. This caused catastrophic results on the whole globe. above statement, that the checkerboard pattern is metorologically I ) atitude ” d tmeo;: 4;02062:-
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Solution: By decreasing the humidity background error variances by 30% 250 v L not reasonable. deviation of obs-fg for radiooccultations, when radiances are
the humidity background got more weight in the assimilation, and o - ' 4 . ° w . _ 2?:158 lilc; the assimilation system (based on an earlier version
consequently observations had less influence onto the humidity analyses. 5« - < Sketch of mechanism: |
Therefore, the humidification and destabilization mentioned above became & _ _ 3
weaker. With the new setting the catastrophic feedback outlined above did oo o //
not occur any more. 1000 - A §, // @® ©)
T T - O3S < Heating (by assim. Cooling (by assim. Meridional wind
- - -0.144472 -0.0525414 0.0393895  0.13132 meon = 0.0130242 latitude Cold model bias Warm model bias of radiances) of radiances)
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Fig. 3a displays the zonal mean temperature analysis increments with f'rStg”_e__SS fields from ,no radiances e)_‘pe”me”t Ew // W | N N |
caused by radiances with first guess fields taken from a 1-month i§§ — Lo - g ch //W Cold model bias at the equator and a positive meridional wind
assimilation cycle without radiances. Fig. 3b displays the zonal mean 300 » ¥ £ Z
change of temperature caused by assimilating radiances. In Fig. 3a we 2 £ o
see in which way the radiances want to change the system. In Fig. 3b g - 2 %_///, Observations (e.g. radiances) are working against the cold
we see, in which way the radiances change the system if they are _ %7/// model bias, i.e. the cold bias region is heated.
assimilated. If nonlinear feedbacks were unimportant, the figures would | Ay W 7
look very similar. The obvious differences demonstrate that nonlinear o5 s ws o an N N )
feedback processes play a major role. In particular, the differences in SR [ 1] | || IEH— 0l //7 7, Several assimilation steps later a warm model bias occurs
the Tropics are due to the above mentioned feedback with the Figure 3b: Mean difference between analyses by %/ / north of the equator, since the additional heat is transported
convection scheme. assimilating radiances /,z// northwards by the meridional wind.
“ @ In the warm bias region observations (e.g. radiances) are
3 B | aS C O r. r eCtl O n feed b aC k 7 working against the warm model bias, i.e. the system is cooled
. %I— 72, ©) there. Due to the negative vertical temperature correlation in
%////// the B matrix the system is heated/cooled above and below the
- T3 - - preop: 17.09.-21.09. ‘ warm/cold bias regions.
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At each assimilation step the new coefficients for the bias correction are %
calculated. The statistics required to calculate the coefficients are g%
updated at each assimilation step in the following way: : o ©) @
At o S e
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Snew = € T Sgig + s(t) (I) % -3 / 7 The thermal forcing produces additional meridional wind.
where At = 3h is the assimilation time step, T = 30d, and s(t) is the | o %I-///A ©) As a consequence the outlined process is enforced, since the
contribution to the statistics at the actual time step. s,,4 is the "memory* . T /,/// meridional wind is a driving factor of the process.
of the bias correction scheme. - o = 0376780 i
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1) When ICON was put into the DWD preoperational suite, the bias % Possible solutions:
correction was accidentally initialized with the bias correction _ _ -
statistics (s,;4) from the old GME model. Since the higher H % 1) Remove the source of the problem: the pattern should not occur, if the model was bias free. This Is
stratosphere was not well represented in the old GME model, the < i supported by experiments with a tuned ozone climatology, which considerably reduced the model bias.
bias correction of the high peaking channels is not adequate for % However, the tuned ozone climatology is too far from observed ozone values to be used operationally.
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;ngggl?arsn;Crhzettrt)egig?gterlﬁgs?rr\aetroesgcg\?éﬁswiﬁ;%n\,svzgur?:ﬁi % 2) Reduce the response of the model: during the investigation of this problem, we found that the minimal

0 w0 0 o o = 043005 diffusion of the model was too small. Increasing the minimal diffusion significantly reduces the

agreement with the expectations from previous experiments as min ~ ~0.88685 L. ) .
visible in radiooccultation obs-fg statistics (see Fig.4a and 4c). Reference (experiment) checkerboard pattern. However, it s still apparent (see Fig. 5 right).
2) After a reset of the memory of the bias correction (s,;; = 0 in ﬁ% —————————— lfz
equation 1), it was expected that the bias disappears, but nothing o 54 .
happened (see Fig. 4b), i.e. the bias did not disappear. % = ?6? 5 . CO NC I usion S/OU tl 0J0 k
3) Finally, only a model coldstart (based on |IFS analyses) helped to 3 = !? == 0 : : : : : : :
) oring }t/he myodel oce colsiar e(xpectations. yses) help e %%:_'L#T*E-# —.18 ® Panel 2: radiances are interacting with the convection scheme in a strongly nonlinear way.
% ey We suppose, that this feedback is a reason for the currently only small positive impact of
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1) Due to the inadequate initialization of the bias correction, the model | I:ti;_Ju::jc R FRIED St found’.that i aS.SImIIatlon.SyStem _has multlpl_e Stable.C“.mate S.tates' e :
was trapped in a different stable climate state, i.e. the full system A el e SR suppose, that the bias correction is crucial for this result. With a variational bias correction
(including ,online* bias corrected radiances) has multiple stable 0 Ao scheme the system might be less prone to be trapped in a secondary climate state.
climate states °

%) Since the bi S ] [ W e o " ol , Panel 4: the checkerboard pattern in zonal mean temperature increments in the tropical
ince the bias correction is constructed to minimize a kind of ,distance” between the model first guess an : : L
the corrected radiances, the corrected radiances are not able to move the system towards the "natural” stratosphere IS caused by a complex feedback betweer_l radlance, §lSSImI!atIO!’1 and model _
climate state. Moreover, the bias corrected radiances might help to trap the system in a (secondary) stable dynam'CS-_ The feedback was much reduced by increasing the minimal diffusion. As yet, this
climate state that is far from reality. feedback is not fully understood.
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