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Motivation

* Forsythe and Saunders (2008) proposed a situation dependent
observation error estimation in which the tracking and the
contribution of the height assignment errors are combined. This
approach has been successfully implemented at the UK Met Office
and ECMWF and will soon be operational at the Meteorological
Service of Canada (see poster by Laroche et al. in this workshop).

* The height assignment error is used to increase the total
observation error in present of vertical wind variation (shear). Thus
the impact of the AMV in the analysis is reduced when the
observation is located in strong vertical wind shear without
modifying the vertical position of the AMV.

Page 2 — 3 mai 2018
Ll

Environnement et Environment and C d
I *l Changement climatique Canada Climate Change Canada ana a,




Motivation

* The impact of the systematic (bias) error of the assigned height as
well as interpreting the AMV as a layer-averaged motion on NWP
forecast have recently been examined using background best-fit
pressure and lidar measurements (e.g. Salonen et al. 2016, Folger
and Weissmann, 2016).

* Salonen and Bormann (2014, IWW12) showed that taking into
account the systematic height errors clearly improves forecasts
where as the impact of using a layer-averaging observation operator
IS mixed. These results suggest that the accuracy of the assigned
height plays an important role in NWP forecast skill and reassign the
height is beneficial.
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Objectives of the present study

* Show how a variation of the AMV assigned height can be included in
an incremental variational data assimilation scheme like 4D-EnVar.

* Discuss the difficulties and limitations of this approach.

* Examine a two-stage approach in which a reassigned height and
observation error for each AMV are first calculated prior to
assimilation.

* Assess the impact of the two-stage approach on short to medium
range forecasts from two data assimilation experiments (two-month
winter and summer periods).




Incremental variational data
assimilation scheme

X=Xy, +AX X:analysis (u,v, T q, ps)
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Note that the position of the observations is assumed free of error.



J, term with situation dependent observation
error for one AMV wind component
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Situation dependent observation error estimation for
AMVs prior to the assimilation
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J, terms for one AMV wind component

J, with adjustable AMV position (p,+Ap) plus a penalty function:
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Impact of the different observation errors and
pressure variation Ap on the analysis increment
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Limitations and Difficulties

* The reassigned height is only sensitive to the vertical wind variation (shear).

* As a result, the approach proposed here can be seen as an alternative way
to mitigate the misrepresentation of AMVs in presence of vertical wind sheatr.

* The approach is valid only for small Ap in a 4D incremental variational data
assimilation context.

* The vertical interpolation operator is performed between levels above and
below the observation level and these levels remain the same during the
minimization of J(AX). A more general vertical linear interpolation operator
over multiple model levels should therefore be developed.

* A nonlinear term ApAS appears in J,, making J(AX) none quadratic.

* Given these difficulties and limitations, we first developed a two-stage
approach in which the height variation of each AMV is estimated first using a
1D-Var scheme. AMVs are then assimilated with reassigned height in 4D-
EnVar along with all the other types of observations.
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First stage: 1D-Var scheme for estimating
the reassigned height and its error

1D-Var formulation for one wind component:

2
0.5Au2 0.5(Au(p0+Ap)—(uo—ub(po+Ap))) + 0.5Ap?

J(Au, Ap) = ) + 2 2
oy Ot °p Analysis Background
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In a linear approximation and for one observation, it
can be shown that the optimal Ap can also be
found by minimizing the following cost function:

0.5(ug—up(po+Ap)))? . 0.5Ap?
I(Ap) = 2o tp@ot ), 054D

Gt +O'b Gp
2 :
Opr Error variance
estimation of the = ap
, o, 24 o, 2 reassigned height
= Op > 2



‘1D-Var + 4D-EnVar’ approach
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Summer and Winter Experiments

* Experiments carried out with the operational Global Deterministic
Prediction System (GDPS)

* Summer period : 15 June to 31 August 2016

* Winter period : 15 December to 28 February 2017

Height error Height

Control G2 G2 D,
2
0]
o2 = F(QD) x
2 2
2 Ot + Oy
= 0 ,
Page 13-B mai 018 5 2 2 2
nvironnement e nvironment an o) + o + S 0] Pl
I*I Ehangement ctlirri[latique Canada (E3Iimate Ch;ngedCanada t b b nad




Histograms of Ap from 1D-Var and model
best-fit approaches for Meteosat-10

Winter period: 15 Dec — 28 Feb 2017
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Verification scores for the first experiment

(tracking error and reassigned pressure level)

Summer period: 15 Jun — 31 Aug 2016 Winter period: 15 Dec — 28 Feb 2017
SRy g - 9 iy - g o : . Toseets _
e ot e OTD Forecast Error Difference (%) Wi — et wee OT1D Forecast Error Difference (%) s —

3!_ Southern Hemisphere Tropics Northern Hemisphere 3!_ Southern Hemisphere Tropics Northern Hemisphere
2] 2]

Positive Impact --=
Positive Impact --=

<-- Negative Impact

<-- Negative Impact

Against Against
Radiosondes Radiosondes
12345123451234512345123451234565 12345123451234512345123451234565
Forecast Lead Time (day) Forecast Lead Time (day)
E:’w"ﬂls.lhfz\;i.‘i?&ku -Q%fgﬂwm STO F . o Trapoeﬁ{\ae;c ] mw%lsm%z%n%sﬁ:-%ﬁﬂmm . 0 Troposg&e&c —
i .31 g orecast Error Difference (%) Wi — e D o 28 Pt STD Forecast Error Difference (%) Wi —
3!_ Southern Hemisphere Tropics Northern Hemisphere 3!_ Southern Hemisphere Tropics Northern Hemisphere

1

| |
2 :
1

1

1

Positive Impact --=
Positive Impact --=

<-- Negative Impact
<-- Negative Impact

Against Against
Own-Analysis Own-Analysis
[ | - L. i H [ | S . i i
123451234512345123451234512345 123451234512345123451234512345

Forecast Lead Time (day) Forecast Lead Time (day)




Verification scores for the second experiment

(tracking + updated height errors and reassigned pressure level)

Summer period: 15 Jun — 31 Aug 2016 Winter period: 15 Dec — 28 Feb 2017
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Zonal mean analysis wind speed difference

Winter period: 15 Dec — 28 Feb 2017
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Mean analysis wind speed difference

Winter period: 15 Dec — 28 Feb 2017
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Concluding Remarks

* Although many difficulties remain to explicitly include a pressure
variation for AMVs in a 4D incremental variational scheme,
preliminary results with the ‘1D-Var + 4D-EnVar’ approach explored in
this study are encouraging (neutral or slightly positive against
radiosondes).

* Better results are obtained when the tracking error is combined with
the contribution of the reassigned height error, especially for the
summer period.

* The proper estimation of the tracking and height error statistics remain
an important issue.

- * Reassigning the height of AMVs via a variational approach has been
first proposed by Velden et al. (1998) and used as a post-processing
step of AMV products. The main novelty of our work is to use explicitly
the height error estimates in the variational data assimilation
formulation.
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Ap from 1D-Var and model best-fit
pressure approches

0.5(Uup—up)? , 0.5(Vo—Vvp)? , 0.5Ap? |
J(Ap) = (;1" ub)z + (2V° Vb)z . 200 200
Out tOyup Oyt tOyp Op -
In case of multiple minima, the Prin A """""""""""""" -
minimum closest to the originally 2P |

assigned pressure (p,) is chosen. Po
pnﬂn

Model best-fit pressure approach = g 600,
Salonen et al. (2015) 8

VD = [ (uo - ub)2 + (Vo - Vb)2 ]1/2

800 800

1. VDpi,<4mls

2. VD,,< (VD -2 m/s) for [p, — Pminl > 100 hPa

In case of multiple minima, the 1000
minimum closest to the originally |

assigned pressure (p,) is chosen. 0 2 4 6 8 0 10 20 90
Vector difference (m/s) J(Ap)

40




Ap biases from the model best-fit
and 1D-Var (Meteosat-10)
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— — {hPa] [~ ] {hPa]
150 |
540 540
2 250 20
80 30
a0 350 | 304
240 240
i35 450 120
i ao
Llaag 550 Claga
am 0.0
1% 650 st
S4r 241
aag 750 -a0L
@
“42¢ |
E &
950 |
60S 208 0 30N 60N 90N 90S B0S 308 0 30N BON G0N
METSAT10 IR 1D-Var (2016061500-2016083018) METSAT10 IR 1D-Var (2016121500-2017022718)
T T T T T 1 {hPa — T T T T T 1 {hPa]
-5 -3 s 150 -3 -6 o
-10 0 0 -4 21 250 6 0 0 7 20
%0 %0
2 = %o 350 2 3 9 = a0
0 10 120 450 9 6 10 1 128
am am
4 1 Hse 550 | -8 2 2 Haae
3 1 13 e50] 9 1 3 Jat
24L 24L
-6 -4 [ 750 -11 -4 -6 au
-3 -1 i 850 -1 -2 -1 bt
H4L H4L
2 0 0 0 950 | 3 0 0 0

ROS ans 4] 30N ARON =] ans ANS ans n 30N RON annN




Ap standard deviations from model best-
fit and 1D-Var (Meteosat-10)

Summer period: 15 Jun — 31 Aug 2016 Winter period: 15 Dec — 28 Feb 2017
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Zonal mean analysis wind speed difference

Summer period: 15 Jun — 31 Aug 2016
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Mean analysis wind speed difference

Summer period: 15 Jun — 31 Aug 2016
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