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Assessment of AMVs from COMi& the ECMWF system ECMWF

Abstract

This study evaluate Atmospheric Motion Vectors (AMVs) from the Koreangeostationary
Communication, Ocean and Metetwgical Satellit COMS)in the European Centre for Mediam
Range Weatherdtecasts (ECMWF) system for anonth periodThe monitoring statistics of the
COMS AMVs have been compared to those of the operational Multifunction Transport Satellite
(MTSAT) AMVs becauséoth satBites cover a similar region arourtthst Asia.

TheFirst Guess (FG) departure statistics for the MTSAT and COMS AMVs have consistent features
geographicallyalthough thequality characteristics for both satellites are slightly difetr Height
assignment errors of COMS AMVs have also bestimatedbased on model be8t pressure
statistics, suggesting height assignment errors that are broadly in line with those of other AMV
products.

Assimilation experiments have been performeddsess the impact of COMS AMVSs in a system
that uses all operationally assimilated conventional and satellite observations. New quality control
criteria for COMS AMVs are investigated, designed to improve the impact on ECMWF model
analyses and forecas#ss a result, the use of COMS AMVs in the ECMWF system shows a positive
impact on the forecast quality the absence of AMVs from MTSA™When COMS AMVs are
added in the presence of MTSAT AMVs the forecast impact is more neutral.

1 Motivation and background

The Meteorological Satellite Center of the Korean Meteorological Agency (KN&)started to
produce hourly ANs fromimagery obtained fror@OMS on 1st April 2011. COMS is a geostationary
satellite, positioned at 1ZBE overthe equator. It provides cekage similar to the Japanese MTSAT

2, positioned al45°E above the equatoCOMS AMVs have been disseminated in real tinmee

22 January 2015 via the Global Telecommunication System (GTS). It is therefore of interest to start
nearreal time processingf COMS AMVs at ECMWF-.

The assimilation of high spatial and temporal resolution AMVs in numerical weather prediction (NWP)
models has provided benefits to operational forecasts (Bormann et al., 2012). Wind is a primary variable
for describing the atmosptie state.An accurate wind field in areas with no conventional data is
essential for initialization of NWP models. Wind products from geostationary satellites including COMS
can provide near continuous data where conventional observations are lacKiog|apigr over the

ocean.

In the present study, we have evaluated the COMS AMVs in the ECMWF assimilation system in terms
of comparisons against the ECMWF FG and in terms of forecast impact. In the first step, the COMS
AMVs are passively monitored in t#EBCMWF assimilation scheme, which allows to derive statistics
against the model FG without these vectors impacting the analyses. After the characteristics of COMS
AMVs have been evaluated, data assimilation experiments are performed to investigate therimpac
model analyses and forecasts.
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Characteristics of COMS AMVs

COMS AMVs are derived frorthe infrared (IR; 10.8 um), water vapo(6.7 pm), visible (0.67 um),
and shorwave IR (SWIR; 3.7 um) channét.g., Sohn et al. 2012rOMS produces full disk images
every 3 hours and extended Northern Hemisphere isfam&0°S)every 15 minutesAMVs are derived
by tracking cloud and water vapeatures in subsequent images. Tifaeking algorithm is based on
crosscorrelation Thetargetselection to estimate COMS AMVses24 x 24 pixels (i.e., 96 x 96 kat
the subsatellite poin}, which will be changed to 16 x 16 pixels (i.e., 64 x 64 knthe near futureThe
dynamicsearch area is 80 x 80 pixéil®., 320 x 320 knat the suksatelite poinf) centered othetarget
box. Heightassignment is performed using t&quivalent Black Body Temperature (EBBT) anglH
intercept methods (Nieman et al., 1993; Szejwach, 198 .latter step includes the use of a short
range forecast, obtained from the operational global NWP syst&klaf (i.e., the Unified Model of

The Met Officg.

2.1 Quiality indicators

For COMS AMVs, quality information for each AMV is available in the formadDuality Indicator
(Q1), similar to what is provided by other AMV producers. The QI is based on temporal and spatial
consistency checks of the derived wind field (Holmlund, 1998), and has values between 0% and 100%

with 100% indicating the best qualitywd QI values are supplied: orerecast independent one
(referred toas QIl_nofc), and one which includes in addition a comparieam shorterm forecast
(referred taas QI_fc).Thisforecast test is based on the vediffierencebetween the hour foreast of
the current KMA operational modelnd the derived AMY
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Figure 1:Maps of mean vector difference fugh-level COMS AMVs from thER channel in different

QIl_nofc (upper) and QI_fc (lower) for January to March 2013.
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In NWP systemghe QI is used to select a sample of winds with appropriate error characteristics. Figure
1 shows the mean vector difference forhtigh-level (100400 hPa)COMS AMVs from theR channel

for different QI thresholds for the two types of QI provided. Both types of QIl, the mean vector
difference is larger over the region of the Northern Hemisphere, but the magnittice vefctor
difference is different for Ql_nofc and QI_fc. Interestingly, the monitoring statistics for the COMS
AMVs are quite similard each other for different thresholds of the QI_nofc, suggesting that this type
of QI is not suitable for identifying higher quality AMVs. However, it is possible to improve the
monitoring statistics such as the mean vector difference of AMVs when inbte& fc threshold is
applied (see the lower maps in Figure 1).

The choice of QI threshold is a trad# between AMV quality (and forecadependence in the case of
the QIl_fc) on the one hand, and the number of winds on the other. Figure 2 preskatsitimeof the
number of data fdnigh-level IR AMVs as a function ofI. The rate of reduction in the available number

of AMVs above QI80 is faster for the QI_fc than the QI_nofc. In Figure 1, the vector difference for
COMS AMVs dramatically decreasavith increasing QI_fc, but Figure 2 shows that the number of
available COMS AMVs becomes extremely small.
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Figure 2: Percenfraction of the number of data fbigh-level IR AMVs from COMS®s a function of
different Qls for January to March 2013.

In this study, we use a QI_fc threshold of 80% for passive monitoring of COMS AMVs for all channels,
and this will be used in any subsequent analysis. While all channels show benefits in terms of departure
statistics for a higher QI threshold (Figure 3), tisisat the expense of limiting the data sample and
increasing the dependence on the forecast used in the AMV processing. Using the QI_fc for the data
selection is in contrast to the preferred approach of selecting the data without the aid of the f@dcast u

in the AMV processing. This has been chosen, as the characteristics of the COMS AMVs do not improve
with a QI_nofc.
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Figure 3: RMS vector difference (solid line), wind speed bias (dashed line), and number of data (bar
graph) for highlevel cloudywater vaporAMVs (left) hightlevel IR(middle) and lowlevel visibleAMVs

(right) from COMSafter applyingdifferentthresholds forQls_fc for January to March 201Rlack

shows results for thidorthern Hemisphere, red results for the tropical region.

2.2 Comparison of MTSAT and COMS AMVs

In the following, we will compare the monitoring statistics for COMS AMVs with those obtained from
MTSAT. MTSAT AMVs are normally assimilated in the operational assimilation system at ECMWF,
but for the present comparisgrihe departure statistics are obtained from an experiment in which
MTSAT winds are excluded from the analysis. This is to make the comparison more equal for both
datasets.
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Figure 4: Maps of number of observations, mean vector difference, RMS vector difference, and wind
speed bias fohigh-level IR AMVs fronMTSAT (upperow) and COMS (lowerow). AMVs fromboth
satellites have QI_fc > 80 for January to March 2013.
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Figure 4 shows the global maps of monitoring statistics of the MTSAT and COM$ehiglhpAMVs

derived from the IR channehlthough the regional coverage of MTSAT is larger than that of COMS,
the monitoring statistics of both satellites present similar results in the overlapping region. In the tropical
region (20°N ~ 20°S), the number of observations is relatively high, anohéfan vector difference,
rootmeansquare RMS) vector difference, and wind speed bias are relatively low, compared to the
extratropical region. For the Northern extr@pics, the speed biases are relatively large for both
satellites for this winter sean. Note that for this reason, IR winds from MTSAT are blacklisted north

of 20°N in the operational ECMWF system. Such geographical blacklisting for COMS AMVs from the
IR channel mayeed to be considered as well.

Overall, the monitoring statistisiggest that the general quality of COMS AMVs is similar to that of
MTSAT AMVs. This is, for instance, highliged in Figure 5, which comparése mean vector
differences of COMS and MTSAT AMVs at different vertical levélete thatCOMS AMVs show
relatively poor departure statistics for ldevel AMVs over land, and these AMVs should be excluded
from the assimilationFor MTSAT, such AMVs are not available.

MTSAT: Cloudy WV (high) MTSAT: IR (middle) MTSAT: Visible (low)
Mean vector difference {mf;w) 100 - 400 hPa, 0 Mean vector difference (ms’1} 400 - 700 hPa, 1 Mean vector difference (ms'1} 700 - 1100 hPa, 2
-] it -]
80°N 201 60°N 1 60°N o0 ]
u u
30°N °) °)
., 30°N s 30°N S
7 7 7
0°® 8 0° [ 0° 6
5 5 5
. om; . om, .omy,
30°s - 3 30°8 3 30°8 3
? ", "
- 1 . 1 = 1
60°S ° °
0 60°S LN 50°S n
-
80°E 120°E 160°E 160°W 120°W 80°E 120°E 160°E 160°W 120°W 80°E 120°E 180°E 160°W 120°W
COMS: Cloudy WV (high) COMS: IR (middle) COMS: Visible (low)
" -1 - -
Mean vector difference (ms ') 100 - 400 hPa, 0 Mean vector difference {ms 1) 400 - 700 hPa, 1 Mean vector difference {ms 1}700 -1100 hPa, 2
-] ~F P =7 >
60°N 60°N 1 60°N ]
. oA
R gl
30°N e 9 soon] o : 30°N
o g e - 8 W=, = - 8 :
R & i 7 [ B | 7 .
0° Ot . & o A s 6 0 6
- F N - 3 b o . 5 5
N . n 4 ‘A - . n 4 ‘. . [ "
30°s - 3 30°S 3 30°s 3
5 . 2 % . "2 . Iy
. n . ) L ) ",
60°S | ° &
L o 60°S | o 80°S | o
e e
80°E 120°E 160°E 160"W 120°W 80°E 120°E 160°E 160°W 120°W 80°E 120°E 160°E 160°W 120°W

Figure 5:Maps of mean vector difference fogh-level (108400 hPa) cloudy water vap&MVs (left),
middlelevel (400700 hPa) IR, and lovievel (7001100 hPa) visibléAMVs fromMTSAT (upperow)
and COMS (lowerow). AMVs fromboth satellites have QI_fc > 80 for January to March 2013.
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2.3 Shortwave infrared AMVs

In addition to longwave IR, water vapor andsible winds, COMS also provides AMVs derived from

the 3.7 um SWIR channel at nighttime, which are not available from MTSAT. Theevesid SWIR
channels providgoodcontrast betweealouds and ocearwhich is very helpful to track the lolevel
cumulws form clouds motions (Ottenbacher et al., 1997). These AMVs supplement the available data
from the other channels, in particular the visible AMVs which are only available at daytime.

In Figure 6, the monitoring statistics of COMS AMVs from the SWIR chbinae been compared to
those of other channels for leevel AMVs. Fortunately, the number of observations, mean vector
difference, RMS vector difference, and wind speed bias of SWIR channel are very similar to those of
thelR and visible channels. AMVsdm all three channels show relatively large RMS vector diffesence
over land and landhasking is likely to be needed for the assimilation of the data.
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Figure 6: Maps of number of observations, mean vector difference, RMS vector difference, and wind
speed bias fdow-level COMS AMVs from thiR (upperrow), visble (middlerow), and SWIRhannes
(lower row). COMSAMVs have QI_fc > 80 for January to March 2013.
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Zonal means of the monitoring statistics for COMS AMVs further show consistent features for the
AMVs from the four channels (Figure 7), suggesting that the quality of the SWIR AMVs is comparable
to that of the AMVs from the other channels. Interestinglg, $"WIR AMVs cover a similar vertical
range as the IR AMVs, which was not expected. The plots provide further input for blacklisting decisions
for COMS, which will be discussed later.

Cloudy WV: No. Obs Cloudy WV: Mean VD Cloudy WV: RMS VD Cloudy WV: Wind bias

Na. of abservations, channal; 0 WMean vectar difarance ms '), channal: 0 RMSVD fms"), channot: @ Mean OmB (ms '), channel: 0
. " " ]
20) u 200 T s 200 u
ooy u u u
15 15 3
u ] ] u
5 ! = 0] & 10 & 2
7 400] 5 s 5
z o] & o a1 2 N g 400 :
@ 500 1 -y -y
: =3l g wls w3 ‘o
g 600] i 6 2 6 2 bt 08,
§ ] § ool ] § ool ]  soof n
& 1] 2 s | & 5 & b
] 50 .l .‘ & 2
800} n® 800) u 800) n 800} n?
5 g
" CH L nt
-
1000, o0, 1008, 1000,
19080 70-60-50 40302010 0 10 20 30 40 50 60 70 £0 80 160807060 5040302010 D 10 20 30 40 50 60 70 80 00 0080 70 60-50-40-30-20 10 0 10 0 30 40 50 60 70 80 00 190-80.70-60-50 40 302010 0 10 20 30 40 50 60 70 80 00
Laiitudo Latinato Latiude Latitute:
No. of abservatons, channel, 1 Mean vector dfference (ms '), channl: 1 AMSVD (ms ), channet: 1 Mean OmB (ms '), channei: 1
s . - -
25 25 8
i u u
" 15 i u?
F 400 Py wl o5 wl & 2
H g o s 18 . g o :
H
2 7| e 7 e 08
H H s | 2 LH H 05
§ ey § soo & 00 [ ] & 600 [
& & 5 | & 5 & n'
4 a 2
n
800 800/ 3 800) n 800 nl
2 2 5
. u
1 1 nt
1000, A “00m, 1000, ! : 1000, i
-60-80-70-60-50 40302010 0 10 20 30 40 50 60 70 £0 80 160-60-70-60-50-40-30-20-10 0 10,20 30 40 50 60 70 80 80 -60-80-70-60-50 40302010 D 10 20 30 40 50 60 70 80 80 1608070605040 302010 0 10 20 30 40 50 60 70 80 80
Latitude Latitude Latitude Latitude
Ho. ot abservaons, channe: 2 Moan veetor difference (ms '}, chamnal: 2 AMSVD (ms ), channet 2 Moan OmB (ms '), shannei: 2
. [ [ [
200 u 200 o u’ 200 n
u i i u;
M u's ' u®
7 a00] ! & 0] o5 10 & 2
H 0] & 0o MR R N g o :
H 50| @ 5 3
2 7| e 7 2 05
H Moo F L u E 05
& £00) ] 600 | & 600] n B 600 [ ]
& wo| 2 5 | & 5 & '
) T 50 4 a 2
. X = n, n, 5 f 'y i
800} ™1 800 o n 800} 2 ] 800, ! M
iy i n €y 2y R . nt
' 1 Ay 53 ' l‘ nt
1000] 000, - 1000] LIRS 1090, =
-60-80-70-60-50 40302010 0 10 20 30 40 50 60 70 £0 80 160-60-70-60-50-40-30-20-10 0 10,20 30 40 50 60 70 80 80 -60-80-70-60-5040-30-2010 0 10 20 30 40 50 60 70 80 90 -60-80.70-60-50. 40302010 0 10 20 30 40 50 60 70 80 80
Latitude Latitude Latinsde Latitude
No. of obsservations, channel. 8 Mean vector dfference (ms '), channl: 8 RMSVD (ms 1, channal: & Mean OmB (ms '), channel: &
. " [
200} u 200, s 200} s 200} n!
M 20 Hd H
2004 15 15 3
u ] n
. i
5 400! Py wl o5 0wl & 2
g ] & o0 MR . g 400 .
A 50| @ 7 e 7 e 05
g n 2 B M B
a 2 2 2
g 0o B § el € 1§ eon) nt § soo ns
& | F s | & 5 £ u
] 50 4 n a4 2z
800} n® 800) 3 £00} n’ 800} n?
s
Lh i u =
Loy -
1000, o0, 1000, 1000, s

00 80 70 60504030 20 10 0 10 20 30 40 50 €0 70 80 B0 00 80 7060 50 40-30-20 10 0 10 20 30 40 50 €0 70 80 00 00 80 70 60504030 20 10 O 10 20 30 40 50 €0 70 80 B0 0080 70-60-50-40-30-20-10 0 10 20 30 40 50 60 70 80 00
Latinide Latinide Latitude Latitude

Figure 7: Zonal plots of number of observations, mean vector difference, RMS vector difference, and
wind speed bias for the COMS AMVs in cloudy wagor (F'panel), IR (2¢ panel), visible (% panel),
and SWIR channels'{g¢anel). COMS AMVs have QI_fc > 80 for January to March 2013.

2.4 Temporal consistency

Figure 8 shows the daily tirreeries of monitoring statistic for MTSAT and COMS AMVs during th
winter and spring seasons. Both satellites with different number of data show a relatively strong negative
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bias of wind speed over the Northern Hemisphere (latitude > 25°N) in winter. This is linked to the
strength of the jestream during these montland in spring, the negative biases of both satellites are
improved. In the MTSAT AMVSs, slightly positive and negative biases are consistently remaining in the
tropics (25AS O latitude O 25AN) and Soutithern He
should be noted that the MTSAT AMVs over the Northern Hemisphere are not used operationally at
ECMWEF due to these biases, and similar blacklisting of these areas with the winter bias may need to be
included in the ECMWF system for COMS AMVs.

MTSAT (IR high): Wind speed bias
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Figure 8: Daily timeseries of the number of data (bar graph) and wind sjpéesi(solid line) fohigh-
level IR AMVs froMTSAT(top) and COMSbottorm). AMVs frombath satellites have QI_fc > 80 for
January to June 2013Black shows results for tHdorthern Hemisphere, red results for the tropical
region, and blue results for the Southern Hemisphere

COMS AMVs appear to have different characteristics for certain times of the day. Figure 9 shows
monitoring statistics as a function of the hour ofdag, with clear dhourly spikes for the COMS data.
A similar feature can be seen for MTSAT AMVs, albeti@urly. The phenomenon is similar for AMVs
from other channels (not shown). It is clearly a characteristic of the AMVs, rather than thesbert
forecast. For MTSAT AMVSs, the pattern has been linked to the scanning schedule of the satellite, which
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means that the-Bourly data uses a different imaging interval. It is likely that a similar explanation holds
for COMS AMVs, as @hourly data (e.g., 020@500, 0800, 1100, 1400, 1700, 2000, an8@3s
derived from aglobal scan with a longeimaginginterval Such inconsistent data characteristics are
undesirable, and their origin should be further investigated. In the ECMWF system, the MTSAT AMVs
showingthe &hourly spikes are blacklisted, to improve the homogeneity of the data characteristics. A
similar approach may be needed for COMS AMVs. For COMS, the data frorhthe g spikes show
relatively better statistics for the wind speed bias over théhiior Hemisphere compared to the data
from the other times. The relatively strong negative wind speed bias of COMS AMVs over the Northern
Hemisphere for the other tinwots is related to the seasonal bias discussed earlier (see Figure 8).
Additional invesigations would be beneficial to resolve the winter bias ahdBly spikes for COMS

AMVs.

MTSAT (IR high): Wind speed bias
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0 4 8 12 16 20 24
Hour (Jan - Jun 2013)

COMS (IR high): Wind speed bias

Wind bias (m/s)
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Figure 9:Wind speed bias (observation minus FG) as a function ofdfrday for highlevel IR AMVs
from MTSAT (top) and COMS (bottorAMVsfrom both satellites have QI_fc > 80 for January to June
2013.Black shows results for thidorthern Hemisphere, red results for the tropical regiand blue
results for the Southern Hemisphere

3 Impact assessment of COMS AMVs

Given the encouraging resultsindghe investigation of monitoring statistics for COMS AMVs, we will
now investigate their impact in the ECMWF assimilation system. To do so, we wilidiggtto assign
anobservation erraio represent the uncertainties involved in the use of the AM\&stleen conduct a
range of assimilation experiments.
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3.1 Observation errors

AMV errors originate mainly from two sources: height assignment and wind vector tracking. The impact

of errors in height assignment is highly situation dependent, and it is verficsighin areas where

wind shear is strong (Forsythe and Saunders, 2008). In the ECMWF system, the height assignment errors
of COMS AMVs have been estimated based on modeHigatessure statistics separately for all
channels and height assignment mdt&h@as described in Salonen and Bormann, 2013). The tracking
errors have been estimated from FG departure statistics from cases where the wind error due to error in
height assignment is small.

Figure 10 shows the zonal plots of the mean difference of assigned height minus mefitgdfessure

for COMS AMVs in each channel for different Qls. The statistics present a similar pattern for QI80_nofc
and QI80_fc with good agreement between thegassi and the befit pressure above about 300 hPa
height. Below 300 hPa there is a strong positive bias in the tropics for IR and SWIR channels with more
significant bias for QI80_nofc.
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Figure 10:Zonal plots of the mean difference (hPa) of assigned observation height minus madel best
fit pressure for the COMS AMVs of cloudy water vapor, IR, visible, and SWIR channels. COMS AMVs
have QI_nofc > 80 (upper) and QI_fc > 80 (lower) for January to March320

Figure 11 shows the pressure error estimated frordfib@sessure statistics for COMS AMVs in each
channel. The used height assignment methods for COMS AMVs are Equivalent Black Body
Temperature (EBBTand HO intercept(Nieman et al., 1993; Szeagh, 1982)Overall, the pressure

errors of COMS AMVs are lower when the QI_fc is used for quality control ceedp@ when the
QI_nofc is usedThe difference is up to 90 hPa for léewvel (8081000 hPa) IR AMVs using EBBT.

For lowlevel IR AMVs, the presure error of COMS AMVs is relatively high, even when a Ql_fc
threshold is applied, about 200 hPa. In the ECMWEF system, the pressure errors for operational MTSAT
AMVs are in the range of 40 to 135 hPa for different channels at each level (not showhé, typécal
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pressure errors of operational satellites AMVs are of the order of 70 to 110 hPa (Salonen and Bormann,
2013).

COMS: WV COMS: IR COMS: Visible COMS: SWIR
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Figure 11: Pressure error estimated from bésipressure statistics for COMS AMVs by QI80_nofc
(black) and QI80_fc (red) in cloudy water vapor, IR, visible, and SWIR chamtiledsng EBBT (solid
line) and HO intercept height assignment methods (dadime)l.

3.2 Experiments with COMS AMVs

A set of assimilation experiments has been conducted to evaluate different blacklisting choices for
COMS AMVs. We use the ECMWF Integrated Forecasting System (IFS) cycle 41rl at a T511
resolution, 137 levels, and 4dur4D-Var over the period 1st January to 30th June 2013. In the control
experiment (CTL), all operationally assimilated conventional and satellite observations except MTSAT
AMVs are used. To compare the assimilation of COMS AMVs with that of MTSAT AMVs,Isee a

run an experiment similar to the CTL, but with MTSAT AMVs added as used in operations.

Table 1 lists the experiments to investigate the quality control criteria for COMS AMVSs. In all these
experiments, MTSAT AMVs are not used. All COMS experimentsgted here include geographical
blacklisting of COMS AMVSs, that is, IR and SWIR AMVs are excluded between 400 and 800 hPa south
of 35°N. This is because monitoring shows large poshligses irwind speed and pressure in these
regions (e.g., Figure§ armd 10. Additional assimilation experiments without this geographical
blacklisting show a degradation of forecast scores as shown in Figure 12. In addition, all experiments
apply furthemgeographical blacklisting similar to that applied to othelVs, thatis, water vapoAMVs

are used abov00 hPa only andisible AMVs are assimilated below 700 hPa oy AMVs are used

over land over the Northern Hemisphere extopics, whereas elsewhere they are usety above
500hPa over land
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Table 1. Experiments to investigate the quality control criteria for COMS AMVs.

Soermen Used Ol Times.lo'F Used Seaso.na.ll Geogr.aphical
blacklisting SWIR | blacklisting | blacklisting
COMS_QI80_nofc QI80_nofc | 3-hourly (worse)| No No Yes
COMS_QI80 fc QI80_fc 3-hourly (worse)| No No Yes
COMS_SWIR nofc QI80_nofc | 3-hourly (worse)| Yes No Yes
COMS_SWIR fc QI80 fc 3-hourly (worse)| Yes No Yes
COMS_Seasonal QI80_fc 3-hourly (worse)| No Yes Yes
COMS_3ourly _nofc | QI80_nofc | 3-hourly (better)| Yes Yes Yes
COMS_3ourly _fc QI80_fc 3-hourly (better)| Yes Yes Yes
COMS_tourly fc QI80_fc 1-hourly Yes Yes Yes

In addition, the experimenggesented in Table donsider the following blacklisting options:

Choice of QI: COMS_QI80_nofc and COMS_QI80_fc are the experiments to compare the forecast
impact of using the forecastdependent or forecadependent QI, in both cases using a threshold of
80%. This affects the characteristics of the assimilatdd/'s (Figure 1), butalso the number alata

used, with fewer assimilated AMVs when the foreaiegtendent QI is used for data selection (see
Figures 2 and 3).

Time-slot blacklisting: This considers using the AMVs only for certain tislets with consistent
characteristics,dilowing the finding that certain slots show different departiv@racteristics (Fige

9). The experiment COMS-I®urly uses timeslots 0200, 0500, 0800, 1100, 1400, 1700, 2000, and
2300 which show the best -hdwhp(betetr roe i it altaibd tei cls)
COMS_thourly uses all other timslots. All other experiments use timkots 0145, 0445, 0745, 1045,
1345, 1645, 1945, and 2245, that is, they ubel8ly COMS AMVs, but from timeslots with poorer
departure characteristicBhis selection was done unintiemally, but the experiments are stifedhere

to evaluate the sensitivity to the other blacklisting choices.

Seasonal blacklistingCOMS_Seasa is the experiment to investigadtes forecast impact of seasonal
blacklisting, which is applied to IR and SWIR channels over the Northern Hemisphere north of 20°N in
January to March because large biases were found for IR winds during this time (see Figure 8).

Use of SWIR AMVs:.COMS_SWIR fc and COMS_SWIR_nofc arassimilation triad in which the
SWIR AMVs are used tturtherimprove the forecast impaaising an 80% threshold on the QI_fc and
the QI_nofc, respectivelyThe monitoring statistics of SWIR AMVs are similar to the IR ones (see
Figures 6 and 7), so tlsame data selection is applied.
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Figure 12: Zonal plots of theormalizeddifference (experiment minus CTL) of the RMS error for the
12-, 24, and 48hour wind forecastsl he top row shows results for an experimeitihoutgeographical
blacklisting, whereas the bottom row shows results the COMS_QI80_nofexperimentwith
geographical blacklisting experimenigerification is against thewn analysisand the statistics cover
January to June 2013. Blue shades indicatetpesimpact and green and red shades negative impact
from using the COMS AMVand crosshatching shows statistical significance at the 95% level.

3.3 Mean wind analysis

MTSAT and COMS AMVs have a significant impact on the tropical mean wind analysis, digpecia

over the western Pacific Ocean. Figure 13 shows the mean wind arety&)0 hPdor the CTL,

whereas Figure 14 shows the vector difference of the mean wind analysis between the experiments
(operational MTSAT and COMS_QI80_nofc) and CTL. The diffeesnfor other COMS experiments

are similar. The vector differences in the mean wind analysis at 200 hPa are seen mainly in areas where
the mean wind analysis of CTL is extremely small. Changes to the mean wind analysis over the tropics
are a common findipwhen AMVs are assimilated (e.g., Payan and Cof0h2), and they are thought

to primarily correct model biases resulting from weaker constraints for the tropical wind field.
Interestingly, while the adjustments of the mean wind analysis are consisténé fassimilation of

MTSAT AMVs and COMS AMVs in some regions (e.g., around the equator 4E)S0ere are also
differences, hence suggesting different bias characteristics in the assimilated data. The changes to the
mean wind analysis for the lower kg areweaker, typically less than Or/s (not shown).
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