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Radar and lidar monitoring CECMWF

ABSTRACT

The feasibility of detecting possible problems with CloudSat and CALIPSO data has been investigated by
monitoring statistics over a three-month period. Radar and lidar instrument anomalies increasing in time have
been simulated in the measurements. A basic alert system based on threshold levels has been devised to test
if these anomalies could be then identified thorough monitoring. Time series of CloudSat reflectivity and
CALIPSO cloud backscatter have been generated using the original and degraded observations. The temporal
evolution of their corresponding first-guess departures has been also evaluated to investigate if the problems
would be identified earlier in the time series.

Results show that the drift in CloudSat and CALIOP observations can be revealed by their time-monitoring.
However, performing the monitoring of the first-guess departures resulted in an earlier detection only for Cloud-
Sat, while the current discrepancies between CALIOP observation and simulated cloud backscatter are prevent-
ing a similar gain.
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1 Introduction

At the European Centre for Medium Range Weather Forecasts (ECMWF), every new observation before being
actively assimilated in the operational analysis system is first monitored for a period of time. In order to check
that the requirements for assimilation are met, model-vs-observation statistics are evaluated in time using the
Numerical Weather Prediction (NWP) model as a reference point. This process also constitutes a unique tool
to routinely check the data quality by comparison with the corresponding model first-guess (FG). Not only
operational satellites, but also the research ones can benefit from the monitoring activity. The European Space
Agency (ESA) is preparing the Earth, Clouds, Aerosols and Radiation Explorer (EarthCARE) research satellite,
planned for launch in 2016, which will use a combination of a lidar (ATLID) and a cloud radar (CPR) to provide
the vertical structure and the horizontal distribution of cloud and aerosol over all climate zones. Currently
available space-borne lidar and radar observations from the CloudSat (Stephens et al., 2002) and CALIPSO
(Winker et al., 2009) provide a source of data to be used for feasibility studies in preparation for the future
EarthCARE mission. A number of studies (Janiskovd, 2004; Lopez et al., 2006; Janiskov4 et al., 2012) have
shown that, when assimilated into NWP models, these observations have the potential to improve their initial
atmospheric state.

This report summarizes the results of the work done under Work Package 3100 of the ESA-funded Support-
to-Science Element (STSE) study on EarthCARE assimilation. Closely resembling the approach followed
in Di Michele et al. (2014b,a), monitoring experiments are performed using data from the CloudSat radar
and the CALIOP (Cloud-Aerosol Lidar with Orthogonal Polarization) lidar on board CALIPSO. In particular,
monitoring tests have been performed in order to understand the skill that the monitoring system has in detecting
a potential degradation in the quality of observations. First, Section 2 considers the monitoring of CloudSat
data, both in terms of reflectivities and cloud-top height derived from reflectivity observations. Then, in a
similar way, the results of lidar monitoring experiments are described in Section 3. Conclusions from the
monitoring experiments on both instruments are finally provided in Section 4.

2 CloudSat radar monitoring

Monitoring of CloudSat data together with the ECMWF model equivalents have been performed, first concen-
trating on temporal evolution of the radar reflectivity from CloudSat observations (Subsection 2.1) and then
taking into account cloud top height as derived from the reflectivity (Subsection 2.2).

2.1 Monitoring of radar reflectivity

Time series of CloudSat stand-alone observations and FG departures are considered for monitoring, similarly
to Di Michele et al. (2014b). Reflectivity FG departures have been evaluated running the ZmVar radar operator
(Di Michele et al., 2012) on the atmospheric profiles extracted from the ECMWF short-term forecasts. The
performed studies in Di Michele et al. (2014d) and Di Michele et al. (2014b) clearly showed that the forecast
model is able to realistically reproduce the cloud structures, capturing all main features. Larger discrepancies
were observed in the tropical regions since these tropical cloud regimes are the most difficult to represent given
their small scale and short temporal duration that can lead to errors in intensity and/or location (see Fig. 2.1
and Fig. 2.2 for illustration). Given a good agreement between observations and the model equivalent, the
experiments have been done to investigate whether data quality monitoring can benefit from using the FG
departures compared to the monitoring of observations alone.

2.1.1 Time series of reflectivity

The radar reflectivity factor Z (or simply reflectivity) at a given wavelength (1) is defined as:
7L4
K2

2.1
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Figure 2.1: Top panel: CloudSat observations (averaged to model resolution) along granule 3609 on I January 2007.
Bottom panel: the corresponding simulated reflectivities using ZmVar on the ECMWF model short-term forecasts.
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Figure 2.2: Top panel: Cloud backscatter (averaged to model resolution) observed by CALIOP on 1 January 2007.
Bottom panel: corresponding values simulated by ZmVar using the ECMWF model short-term forecasts.
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where 1) is the volumetric backscatter cross section due to the target and K,, is the dielectric factor of liquid
water at 10°C (and wavelength A). 7 is related to the received power P, through the radar equation:
P, 5
n = CFtr 2.2)
where r is the target distance to the radar, P; is the power radiated by the radar and C is the radar constant,
which takes into account the instrument design characteristics (e.g. the antenna gain and radar pulse integral).
The correct definition of the radar constant (i.e. a good calibration) is crucial for the quality of measurements.

In order to understand if monitoring FG departures has some advantages compared to reflectivity alone in iden-
tifying glitches in the instrument, an experiment with degraded quality of CloudSat data has been performed.
Considering the period from 1 December 2006 to 28 February 2007 for the study, an instrument degradation
has been mimicked by drifting away a radar constant starting from the beginning of January 2007 until the end
of February (i.e. the end of three month period). If the value Cp, specified for the calibration constant is different
from the real one C by a factor K}, this gives rise to a bias in reflectivities expressed in dBZ (Z;p):

Co=K,C =7y =K;,-Z =78 = 7% + 10-l0og10(K) (2.3)
In this experiment, we assume a 1% decrease in C,, every day, leading to a bias of 3 dBZ after two months (i.e.
the end of three month period).

Monitoring of stand-alone observations

Figures 2.3 and 2.4 show, for Southern mid-latitudes (30°5-60°S) and tropics (30°S-30°N) respectively, the
temporal evolution of the (daily) mean CloudSat reflectivity Zcg over the selected three-month period. Radar
reflectivity is monitored at five reference heights ranging from 2 km to 10 km, every 2 km. In each plot,
dashed lines refer to the monitoring of the untouched observations (reference), while solid lines indicate the
experiment where a bias has been added. In addition, blue dots indicates statistical significance of the daily
statistics: values of mean and standard deviation are supposed to be robust when at least 100 samples are used
for their evaluation. The horizontal dashed lines define the limits for the ordinary range of variation of Zcg: red
lines indicates 110% of the maximum and minimum values, while black lines are for the 90%. The use of two
sets of limits allows the definition of two grades of warning, reducing the risk of false alarm. For convenience,
in this study the range of variation is evaluated based on the reference run of the monitoring (over the same
three months), considering only the occurrences flagged as statistical significant. However, the best values to
be used in a real-time monitoring system should be subject of a specific investigation.

The alert messages, that a warning system applied to the time series of the biased Zcs would issue, are also
indicated in the plots. Black and red circles indicate when the upper and higher limits are exceeded, which
would trigger a warning message. Occurrences when the high-warning (red) occurs consecutively in more
than one instance are marked with a star symbol. A more severe message (alarm) should correspond to these
situations, since the higher limit is exceeded more than once.

In our experiment, when considering mid-latitudes (Fig. 2.3), we note that no alarm messages are issued, but
only few sparse warnings. On the contrary, in the tropics (Fig. 2.4), the first alarm (red asterisk) occurs for Z¢g
at 2 km on 8 February 2007, repeating in the following days. This better skill in identifying the problem is due
to the lower range of variation of Zcg in the tropics compared to the same quantity at mid-latitudes.

The standard deviation of observations is the second quantity usually employed in a monitoring system beside
the mean. Figures 2.5 and 2.6 show the standard deviation of CloudSat reflectivity oz... Interestingly, in
all plots we notice that the negative bias results in a negative trend also for the standard deviation. This is a
consequence of the presence of a cut-off value for observations (the minimum detectable signal) due to which
the negative bias in observations leads to a reduction of the dispersion. For the same reason as for the mean,
we notice that the effect of the bias trend is more pronounced at the levels with larger signal, i.e. 2 km and
4 km. For oz, at mid-latitudes (Fig. 2.5), both the first high-warning and the first alarm occur at 2 km, on
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21 January 2007 and on 7 February 2007, respectively. Therefore, comparing o, with Z¢g at mid-latitudes, we
notice that the former is more efficient in detecting the bias. The same result is found in the tropics. Figure 2.6
shows that the first alarm is triggered by oy, (at 4 km) on 27 January 2007, ten days earlier than by Zcg
monitoring.

Monitoring of FG departures

The monitoring of CloudSat FG departures follows the same approach used for stand-alone observations, but
using only the data satisfying the screening conditions described in Di Michele et al. (2014d) (Subsection
4.1). Figures 2.7 and 2.8 show the time series of the daily mean reflectivity departures 8Z separately for mid-
latitudes and tropics. In both cases, as seen for Zcg, we notice that the negative trend of the biased 8Z becomes
more and more evident moving toward lower altitudes. At mid-latitudes (top panel in Fig. 2.7), the results at
10 km should not be considered because of the lack of meaningful statistics (since only one day has at least
100 cases). Therefore no warning or alarm are issued though the defined limits are clearly exceeded there.
When considering the altitudes below, the first warning and alarm messages occur at 2 km, respectively on
19 January 2007 and 3 February 2007. We can notice that the effect of the bias on the §Z temporal evolution
is most evident at this level: alarms are continuously repeated from the first occurrence. When comparing
with the performance of Zcg at mid-latitudes, where no alarm was triggered, we clearly see the advantage of
using FG departures. Evaluation of the results in the tropics (Fig. 2.8) is not possible because of the poor
number of observations retained after screening. However, we notice that the first alarm appears at 8 km on
28 January 2007and the second one at 2 km on 8 February 2007, corresponding (by date and level) to the first
alarm occurred by monitoring of Z¢g.

The temporal evolution of standard deviations of CloudSat FG departures o5, at mid- latitudes and tropics is
shown in Fig. 2.9 and Fig. 2.10, respectively. At mid-latitudes (Fig. 2.9), after disregarding the results at
10 km for the same reasons as mentioned above, we note that the first high-warning, appears (at 2 km) already
on 7 January 2007, but the second (again at 2 km) occurs only on 25 January 2007 and an alarm is triggered on
15 February 2007. Overall, the picture shows that at mid-latitudes there is not a clear advantage of o5, over
07z.. The analysis of 05 in the tropics (Fig. 2.10) is as before hampered by availibility of only few days when
the number of cases over one day, ncs, is larger than 100. Despite of this, the plots shows that the alarm is
triggered few times. The comparison with 6z in 2.6 shows a similar timing of alarms.

Monitoring number of observations passing the screening

The number of observations passing the screening also constitutes an important piece of information for moni-
toring. It complements the departures since a drop in their number would indicate a decrease in agreement (be-
cause of less cases passing through the screening). Figures 2.11 and 2.12 show the temporal series over three
months (December 2006 to February 2007) of the number of CloudSat observations (averaged to the model
grid box) at Southern mid-latitudes (30°5-60°S) and in the tropics (30°S-30°N), respectively. For selected alti-
tudes, each plot contains (in different colors) the number of observations before and after the screening falling
into either a 12-hour or 24-hour window. Both at mid-latitudes and tropics, roughly one third of the data are
retained. However, at mid-latitudes above 10 km, most of the data are rejected by the screening because of
the poor correlation between observations and simulations. In absolute terms, after screening at mid-latitudes
there are about 200 observations per day, while in the tropics they are about 100. The 12-hour observations are
(as expected) roughly half of the daily ones, and therefore after screening their sample is too small to compute
reliable statistics. For this reason, the monitoring analysis is done considering quantities computed as daily
mean. With this window length, the sample size after screening is large enough to be able to evaluate time
series. Note that the lack of data on the 16 February 2007 is due to problems in the forecast processing. For
all other days, these series are quite stable in time, thus indicating that a problem in model (as in the above
mentioned case) or in observations could be detected by monitoring the time series of number of observations
over 24-hour window.

4 ESA contract 4000102816/11/NL/CT WP-3100



Radar and lidar monitoring CECMWF

H=10km Inf:— 188S|_1'p -3.7dBZ

LI e L e )
““““““““““““““““““““““““““““““ —_0.32?\
. : —10.10 3
v - o "'. _-0,03 S
S0 AT R A A A A A AP A AT R A AN AP A W AP S MO AT T T MO A AT A ST B e ini,00r =
2 4 6 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 10121416182022242628
H=8km Inf: 106Sup —1.1 dBZ
(0] e g e s g et s g s ) e s S [ R A e L L e (5 L L e L g S e g ) L U ) L R DR

|
2 46 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
H=6km _Inf: —335up34 dBZ

AETEF EFI O EFI ST FI s P ES S E S ST I S F LTI I-J'I‘l--l'i'J-—I I—‘J-—I'l—i'i'l—-l'l'l"-Z.Sl
~ - ~
[Q\Q] 2 XN —_1.587E
i T
v 7
” SEC SR 100 &
N = S == 4

_4I.II.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.II.I.I.I.I.I.I.I.I.I.I..I.I..-OAO\

2 4 6 81012141618202224262830 2 4 6 8 101214 16 18202224262830 2 4 6 8 10 12 14 16 18 20 22 24 26 28
H=4km_Inf:0.4 Sup:5.9 dBZ
ETd - BT I'L_l__'—l:'_.l._l' [ L) LU L (LI L L L L L L S I—i'l ETIEZT21 70398
N et ik A et e St b Rl bl ekl i A Sl St 127% o~
N H2.51
s 158 e
o —41.00 =
| ~
ot b dibv bbb bbbt bbb bbb b bbb bbb bbb ds b v b @i b e 11 190.63
24 6 81012141618202224262830 2 4 6 8 10121416 18202224262830 2 4 6 8 10 12 14 16 18 20 22 24 26 28
H=2km_Inf:0.3 Sup:5.6 dBZ

6T ETT LIS SRR U0 LY [N T O AN L UL L I--I'I' L1 - [ O P N e I N e L B KIS
- E ,

g 4 2 -
< .
N g

NP I TS A A O S N A S I o I N O Ay S i oy I o A A M e |
2 4 6 81012141618202224262830 2 4 6 1012 1416 18 202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28

djf_mlS_mod_fmask1_bias_02_v5d_Rec_base Day =1
— — — Original Biased (O Waming-Low (O Warning-High Y¢ Alarm e n>100

Figure 2.3: Time series of daily mean CloudSat reflectivity for the period from 1 December 2006 to 28 February 2007,
considering observations at mid-latitudes South (30°S-60°S). Different panels contains data at the altitude level (H)
shown in the title. Blue dashed line is for original observations, while blue solid line with artificial bias added. Horizontal
lines define the limits used for warning system. See text for more explanation.

o

H=10km Inf:-7.5 Sl_u_) :0.7 dBZ

LJ'I'L'_I'I'J._I‘L‘I:"J-__ 'I'l-J'I'l--l'I—J- LA L O P P L
L S Sl e e 0 it it et bt R i e AT 4100 5>
Q -2 N =063 s
= -4 J0.40
O -6 - =025 =
oo ¥ oo oo o s N s o e e N o s et - S
B ol ol i I o i i Tk e it Ml e 0o e 8 i Sl et ol e o A el ko bl it il i B imi1.70.16
2 4 6 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
H—Skm Inf 09Sgp :4.5 dBZ
o) T & I Ly .y e L L LA L Ly L ) P W Ly B R
I T S G . i e R L R S S RS N R A I'\;-‘ 251«
g 2 WA : ‘ _'l'sgi
NG O::::::::::::_:::::::::::: - - - IZT-ZZ-ZZZ -z _-IOOE
B2 vl AR B -0.63
2 4 6 81012141618202224262830 2 4 6 8 10121416 18202224262830 2 4
H=6km Inf:2.3 Sup:7.4 dBZ
8 EJC TEICITETSIZE
~
g 6
S 4
NGZ
OF i i i
2 46 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
H=4km Inf:2.9 Sup:7.6 dBZ
8 e e o e B e P e P e A e e o P e e ‘.:':'_'_'i'_'L':'i STIETIETTETIIT T R631
~ ]
N . S 2 AT L o
2 6 \./'.,/\./ (2% v \/’\ o~ _3.98 IS
N P A g S g UGS g e R —W- 1
N I S S T S Rl B S el s Breths i ¢ = St ) B el el o s s =] g
L P R A AP AT AP PO LA SPOE OO AN P 0 Y A I P S IR PO O AON I OE ARG L0 2 P A Y R
2 46 81012141618202224262830 2 4 6 8 101214161820 22 24 262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
H=2km Inf:- lSSllpl
) LIS . e . g L L L L L 'I'I-'J'—L—'l--l e e s gy s g gy e g e s B
N AR ST T, i E
Q \4\‘ — !
g X _1.00©§
©“ = =z .. 4
& 2F v & 1063 §
7 OO P PO PR PO SO PR PO DU PO PO PR PO DU VAN AU SN PO O VO PO DU PO PO IO PO P B PO P VO PO PR PO PO PO PO IO PR PO IO A o A

1
2 4 6 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
djf_trop_mod_fmask1_bias_02_v5d_Rec_base Dtly [ _]
Biased (O Wamning-Low (O Warning-High ¢ Alarm ¢ n>100

— — — Original

Figure 2.4: Same as 2.3, but considering observations in the tropics (30°S-30°N).

ESA contract 4000102816/11/NL/CT WP-3100 5



CECMWF Radar and lidar monitoring

H =10km Inf: 173Su :2.2dBZ

P P g g e g gy g s [ g e g g e g
s ol s ST Rl S B il e B Frts a8t Mrel v s ol el e Rt s e Euth e Tl it i Rl s
2 46 810121416182022242628302 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
H=8km Inf: —79Sup47dBZ
P g o e e g g g g g e i e e DS
N < E
g 100 s
~ o
W 032 %
S SEECIEEE N
SO i e e T e e b e T i T e e i T o T i b i L i i e 1.y i, 5010
2 4 6 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
H=6km Inf:—1.1 Sup:6.2 dBZ
GEEE I T I T I LT I O DI O D T T T D T ST P T D T T T P D T g0
4 '\f‘. —12.51 's
2 ¢ 158
o ¥ N Joo £
LHEL CSEATET AT AT AT EIOSEA NS EATE T OT BT oS R E TErATEAASEISSEPEEI L0
2 4 6 81012141618202224262830 2 4 6 810121416 182022242628 30 2 4 8 10 12 14 16 18 20 22 24 26 28
H=4km _Inf:3.1 Sup:7.5 dBZ
g ‘EEETTEEYIE T I T E YT ENIE b e L O L O EY T P T LTI E T EY T BT I T 6
8§ 6 ey 3
S E
waz ______________________________________ ]
RN N PR PR AN AU PR PO AN A PR PO AR AU PO PR A AU PO PO AN O PO PO A A PO PO O et PO PO PO IO AP h
2 4 6 81012141618202224262830 2 4 6 8 1012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
H—ka Inf 3.2 Sup:7.4 dBZ
. SEMEEITCIILIIITLL '-'i'.'.":i'.'."::".'.' _______
N 6
Q
SO N Y T NN /R 7 Y
N
© B ®
Y SO PO TN O 0N U UV A PO PO PO N AU N UV 1O POUN PO PO IO O O PO IUOL PO SO0 PON PR A0 O DPO 00 DO S PO PO
2 4 6 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
djf_mlS_mod_fmask1_bias_02_v5d_Rec_base Day [-]
— — — Original Biased O Waming-Low (O Warning-High (O  Alarm X n>100

Figure 2.5: Same as 2.3, but for time series of CloudSat reflectivity standard deviation considering observations at mid-
latitudes South (30°S-60°S).

H=10km _Inf:-2.2 Sup:5.3 dBZ

6T Ed S LT T LT =17 'I'L‘J'I'L'_I'I_'L-ITE'_—I—I—‘J-'I'I-'J'I‘L-I'I'J-'—l IO I E I ST E T ST T 43,98
N 4 B s
-4 < 1
T 2 NS 1ss =
s Op —1.00 °g
NT 2 - oz --—0.63 £
© —4-r|.I.I.I.I.I.I.I.I.I.I.I.I.I.IIIII.I.I.I.I.I.I.I.I.I.i.l.I.I.I.I.I.I.I.I.I.l. I-rO.40\
2 4 6 81012141618202224262830 2 4 6 8]012]416182022242628302 4 6 8101214]6182022242628
:8km Inf25Su 6 Z
] o SIS ) O L LR P I (LA I T LU L L P LI R P L B e e L I e e e L L R L T A e e O]
————————————————————————— T R )
6 Tewge iy —13.98 [
4 =251 <
—1.58§
-4 ~
Lo doobw b by b dew by b by by b by b oo by b 4oy b dow by b by bow by 4oy 1.00
2 46 81012141618202224262830 2 4 6 810121416182022242628302 4 6 81012 14 16 18 20 22 24 26 28
H=6km Inf44Sup98dBZ
E) 5= L [y 1= 10.00 —
~ ]
a —_631s
I —3.98¢
NC - 251
° [N a158=
2 46 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
H=4km Inf:4.8 Sup:8.2 dBZ
TEJCOI T EJI P J-'I'I-J'I'l--l J A L
—16.31 .~
4 I
398 %
—2.51§
-4 ~
| | L
2 46 81012141618202224262830 2 4 6 810121416182()22242628302 4 6 810121416182022242628
H=2km Inf: —00Sgp 4.0 d
4__|:-_l__L-:l'_l_'£'=|_|=i=|_'l:'£'_|_'l::'-'.’L-'_—"_l_i____:__ "J2.51
N {3
1
E‘\g 2 —_158 13
N:3 0 = oo s ZT =Yoo oEno =2tz TS DT =T —_1_005
(oI} . —10.63 —
2 4 6 81012141618202224262830 2 4 6 81012141618202224262830 2 4 6 8 1012 14 16 18 20 22 24 26 28
djf_trop_mod_fmask1_bias_02_v5d_Rec_base Day [ _]

— — — Original Biased (O Waming-Low (O Warning-High (O Alarm X n>100

Figure 2.6: Same as 2.5, but considering observations in the tropics (30°S-30°N).
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Figure 2.7: Same as 2.3, but for time series of CloudSat mean reflectivity first-guess departures considering observations
at mid-latitudes South (30°S-60°S).
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Figure 2.8: Same as 2.7, but considering observations in the tropics (30°S-30°N).
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Figure 2.9: Same as 2.3, but for time series of CloudSat reflectivity first-guess departure standard deviation considering
observations at mid-latitudes South (30°S-60°S).
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Figure 2.10: Same as 2.9, but considering observations in the tropics (30°S-30°N).
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Figure 2.12: Same as 2.11, but considering observations in the tropics (30°S-30°N).
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2.2 Monitoring of cloud-top height from radar

In this section, the monitoring of cloud-top height (CTH) derived from CloudSat reflectivity measurements is
considrered. The investigation in Di Michele et al. (2014b) demonstrated that this quantity has the potentials to
be used for monitoring.

Similarly to the monitoring of reflectivity in Section 2.1, the impact of the same bias drift on the monitoring
will be investigated in Subsection 2.2.1, where Cloudsat CTH will be taken into account both as stand-alone
variable and as FG departure evaluated from the IFS forecasts. The detection of bias through CTH departures
monitoring has been performed considering independently the two screening conditions (clouds below 5 km
and clouds above 5 km). In the following, only the monitoring of high clouds will be reported since it is the
one that gives the best results, and therefore better representing the CTH monitoring possibilities.

2.2.1 Time series of cloud-top height

Stand-alone CTH

The temporal evolution over the three-month study-period of the daily mean CTH from CloudSat htcoé’ is shown
in Fig. 2.13 separately for Southern mid-latitudes (30°S-60°S) and tropics (30°S-30°N). In each plot, lines and
symbols have the same meaning used in the reflectivity monitoring. In principle, given the bi-modal distribution
of CTH, the analysis for situations below or above 5 km should be done separately. Here, for consistency for

the used screening, only CTH values above 5 km are considered. For this reason, htcof is between 9 and 10 km
at mid-latitudes (top panel) and between 11 and 12 km in the tropics (bottom panel).

The main feature of these plots is that the negative bias induced into CloudSat observations translates into a
decreasing trend for the CTH that is not large enough to trigger an alarm. Figure 2.14 shows that the same
behaviour can be observed for the monitoring of the standard deviation (Ghzcasp).

CTH departures

The results from the experiments considering CTH departures, SA/°P, as monitoring quantity are shown in
Fig. 2.15. At mid-latitudes (top panel), the first alarm (red asterisk) occurs only on 27 February 2007, while the
first warning (red circle) happens one month before, repeating for three times. In the tropics (bottom panel),
only warnings are issued, the first one on 6 February 2007. The comparison with Fig. 2.13 shows that the
monitoring of 8//°P is able to provide better indications about the drifting, mainly because of its smaller range
of variation. However, due to the day-by-day oscillations of the time series, the warnings translate into an alarm
only very late. As shown in Fig. 2.16, the standard deviation of CTH departures 0575, does not show any clear
trend that would point to a drift in the observations.

Number of CTH cases

Figure 2.17 shows the time series of the number of CTH cases, nj.», over three months (December 2006 to
February 2007) at Southern mid-latitudes (30°S-60°S) and in the tropics (30°S-30°N). In order to display the
amount of data retained, each plot contains the number of CTH cases before and after the screening. We notice
that, both at mid-latitudes and tropics, roughly half of the data pass through the screening. The plots shows
(in different colors) njep over 12-hour and a 24-hour. However, similarly as for the reflectivity monitoring, the
daily statistics should only be considrered since they provide a more reliable sample.
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Figure 2.13: Time series of mean CloudSat-derived CTH for the period from 1 December 2006 to 28 February 2007. Blue
dashed line is for original observations, while blue solid line with artificial bias added. Top panel is for observations at
mid-latitudes South (30°5-60°S), and bottom panel uses observations in the tropics (30°S-30°N).
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Figure 2.14: Same as 2.13, but for standard deviation time series of CloudSat-derived cloud-top height.
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Figure 2.15: Same as 2.13, but for time series of mean differences between CloudSat-derived cloud-top height and ZmVar-
IFS equivalents.
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Figure 2.16: Same as 2.13, but for time series of standard deviation of differences between CloudSat-derived cloud-top
height and ZmVar-IFS equivalents.
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3 CALIPSO lidar monitoring

Monitoring cloud-related data obtained from the CALIOP lidar onboard CALIPSO has been also investigated.
Monitoring experiments have been performed with the purpose of understanding if there are any advantages in
the use of a forecast model for the purpose of data quality analysis. As done for CloudSat in Section 2, two
distinct quantities are used as monitoring variables. In Subsection 3.1 the lidar backscatter due to clouds is
considered, while the derived height of cloud top is taken into account in Subsection 3.2.

3.1 Monitoring of cloud backscatter

As done for CloudSat observations, an strategy for monitoring cloud backscatter in the context of an assimi-
lation system will be investigated. In principle, if observations are accurately simulated by the NWP forecast
model, a continuous monitoring of their differences would provide a better identification of problems in the
data than it would be produced using observations only.

3.1.1 Time series of cloud backscatter

In order to understand if the monitoring of backscatter FG departures has some advantages in identifying
glitches in the instrument, experiments have been performed where the quality of CALIOP data has been
degraded. The lidar backscatter  can be written as function of the instrument variable as:

2
r

B =

(3.1

where r is the distance to the lidar, S is the measured signal after subtraction of solar background and digitizer
offset voltages, Ey is the laser energy, G4 is the amplifier gain, and C is the lidar calibration coefficient. As
done for CloudSat, using the period from 1 December 2006 to 28 February 2007 for the monitoring, a drift in
the value of the lidar calibration coefficient C has been imposed, decreasing 1% every day from 1 January 2007.

Monitoring of stand-alone observations

Using the same symbol convention used in Section 2, Fig. 3.1 and Fig. 3.2 show the monitoring of the mean
CALIOP cloud backscatter By over the considered period under consideration, for Southern mid-latitudes
(30°8-60°8) and tropics (30°5-30°N) respectively. Cloud backscatter is monitored at five different heights,
from 4 km to 12 km, every 2 km. When considering the mid-latitude case (Fig. 3.1), a more pronounced
drift can be noticed at higher altitudes, where the backscatter usually reaches larger values. The first alarm (on
11 February 2007) occurs at 8 km because at this altitude the backscatter exhibits a range of variation smaller
than at other levels.

In the tropics (Fig. 3.2), a clear effect of the drift in C can be seen above 10 km. In particular, the backscatter
monitoring is the most capable of identifying the drift at 12 km. In fact, at this altitude time fluctuations are
small and backscatter values quite high, allowing the first alarm to be triggered already on 21 January 2007.
On the contrary, the same figure shows that a reliable monitoring is not possible at altitudes below 8 km mainly
because of the lack of samples.

The corresponding time series of (daily) CALIOP backscatter standard deviations op,, are shown in Fig. 3.3
and Fig. 3.4, for Southern mid-latitudes and tropics respectively. As seen for reflectivity and for the same
reason, the continuous decrease of the lidar calibration coefficient also causes a decrease in op,,. In the lidar
case, the molecular backscatter derived by the model is used as cut-off value for observations, i.e. only the
values of (observed or simulated) cloud backscatter above this threshold are taken into account. At mid-latitudes
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(Fig. 3.3), the negative trend gives rise to the first alarm at 2 km on 10 February 2007. Consistently with the
monitoring of Bcy, the drift is well detected also at 8 km, where few warnings are issued at around the same day
and the alarm is occurring only 2 days later. In the tropics (Fig. 3.4), again as for Bc4, the better detectability is
seen at 12 km, where the alarm is triggered on 6 February 2007.

Monitoring of FG departures

Time series of the mean cloud backscatter departures 8 8 are shown in Fig. 3.5 and Fig. 3.6, separately for mid-
latitudes and tropics. Statistics are built considering only those cases passing the screening criteria mentioned
in Di Michele et al. (2014¢) (Section 4.1).

At mid-latitudes (Fig. 3.5), the effect of the 'bias’ in the CALIOP backscatter is most evident at 8 km and 10
km. Below and above this altitude range, the analysis is compromised by the low number of samples. The
comparison with the corresponding time series of daily mean observations of cloud backscatter Bcs (Fig. 3.1)
shows that there is not an advantage in the FG monitoring despite 8 having a smaller range of variation.
Similar conclusions can be drawn for the monitoring of FG departures of CALIOP backscatter in the tropics
(Fig. 3.6).

The temporal evolution of standard deviations of CALIOP cloud backscatter FG departures ogg is shown in
Fig. 3.7 and Fig. 3.8, for mid-latitudes and tropics respectively.

Monitoring number of observations passing the screening

Based on the results presented in Di Michele et al. (2014c) (Section 4.1), a simple screening has been set up to
retain only the cases with a sufficient good agreement between the modelled and observed backscatter, exclud-
ing the cases when differences are larger than 2- 10~ 3km~'sr~! if above 8 km and larger than 3- 103 kmsr~!
below 8 km and only considering observations at levels above 4 km. The effect of this screening on the number
of monitored observations is shown in Fig. 3.9 and Fig. 3.10, for Southern mid-latitudes (30°S-60°S) and tro-
pics (30°S-30°N) separately. Each plot contains, over a three month period (December 2006 to February 2007),
the temporal series of the number of CALIOP observations ncs at selected altitudes (after averaging to the
model grid box). The values that nc4 assumes before and after the screening are given as dashed and solid
lines, considering both a 12-hour window and a 24-hour one (single day). In December, we note a long pe-
riod when data are missing. Reason for this is in CALIOP being down until 19 December 2006 because of
a solar proton event started on 5 December 2006. The second period of data outage appears between 15 and
17 January 2007 and when the payload was down because the CALIPSO satellite performed a drag make-up
maneuver. The data drops on 27 January 2007 and 3 February 2007 are due to glitches in our processing
chain. At mid-latitudes (Fig. 3.9), the largest amount of data is between 10 km and 8 km, while in the tropics
(Fig. 3.10) the largest portion of observations is above 10 km. Both at mid-latitudes and in the tropics, between
one third and one half of the data are retained (depending on the altitude). After screening, the 12-hour ob-
servations (being half of the daily ones) would often lead to a sample too small in number to compute reliable
statistics. For this reason, as done for CloudSat, the monitoring study will only consider daily mean statistics.
However once should note that this issue could be circumvented by increasing the length of the time window
used to evaluate the monitoring statistics. In addition, the continuous improvements to the forecast model and
the forward operator will contribute to a reduction in the number of discarded observations. Monitoring the
number of observations passing the screening can be used as a complimentary information to the FG departures
since a drop in number would indicate a decreased agreement between the model and the observations thus
indicating a problem either with observations or model.
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Figure 3.1: Time series of daily mean CALIOP cloud backscatter at 532 nm for the period from 1 December 2006 to
28 February 2007, considering observations at mid-latitudes South (30°S-60°S). Different panels contains data at the
altitude level (H) shown in the title. Blue dashed line is for original observations, while blue solid line with artificial bias
added. Horizontal lines define the limits used as warning system. See text for more explanation.
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Figure 3.2: Same as 3.1, but considering observations in the tropics (30°S-30°N).
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Figure 3.3: Same as 3.1, but for time series of CALIOP cloud backscatter standard deviation considering observations at
mid-latitudes South (30°S-60°S)
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Figure 3.4: Same as 3.3, but considering observations in the tropics (30°S-30°N).

ESA contract 4000102816/11/NL/CT WP-3100 17



CCECMWF

Radar and lidar monitoring

-1

s 12km Infi— de-03 Sup:1.Oe-03 ke fer

\: 0.0020F LU PR S0 A UL LS RN LN NS BN DL D BN BUR
IS 0.0000
=
5 —0.0020
\’\
5 0.0000
1
é—0.00]O
<2 -0.0020
o) ==
T 0.00101
~2 N
|S 0.0000
= -0.0010
(<=}
“© —0.0020 bl d
2 4 192123252729 1 3 5 7 911131517192123252172? 1 35 7 911131517 1921232527
H=6km Inf:-3.6e—04 Sup:8.9¢—04 km__sr_
~ R B e I I s B o L B e IR B B e e e B e R
.. 0.0010 R R Y ) = Ao a F
= L VX ]
s 0.0000f _:\ ______________ o
= == =—================== = 4
3 —00010 ) T e e T e e Y e e T e T T P i
2 4 192123252729 1 3 5 7 911 13151719212325%72? 1 35 7 911131517 1921232527
H=4km Inf:-1.4e-04 Sup:8.8¢—04 km_ sr_
~ T ——— T T T T T T s i B
T 0.0010 == .
\.M B
s 0.0000 ]
vi 4
& 00000 g T T e L T e T T i T T B IR NP B
2 4 192123252729 1 3 5 7 911131517192123252729 1 3 5 7 91113151719 21232527
djf_mlS_mod_fmask3a_nobc_bias_02_v5d_Lyang55b Day [-]
— — — Original Biased (O Warning-Low (O Warning-High ¢ Alarm e n>100

Figure 3.5: Same as 3.1, but for time series of CALIOP cloud backscatter mean first-guess departures considering obser-
vations at mid-latitudes South (30°S5-60°S).
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Figure 3.6: Same as 3.5, but considering observations in the tropics (30°S-30°N).
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Figure 3.7: Same as 3.1, but for time series of CALIOP cloud backscatter first-guess departure standard deviation con-
sidering observations at mid-latitudes South (30°S-60°S)
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Figure 3.8: Same as 3.7, but considering observations in the tropics (30°S-30°N).
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before and after screening. Red and blue lines refer to 12- and 24- hour time window stepping. Different panels contains
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Figure 3.10: Same as 3.9, but considering observations in the tropics (30°S-30°N).
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3.2 Monitoring of cloud-top height from lidar

Similarly to monitoring of cloud-top height derived from CloudSat reflectivity (Section 2.2), experiments have
been done to investigate a potential of monitoring CTH derived from the lidar backscatter measurements.
Therefore the impact of the same bias drift as defined in Section 3.1.1 on monitoring has been studied for
both stand-alone CTH (i.e. CALIOP derived values) and CTH departures.

3.2.1 Time series of cloud-top height
Given the bi-modal distribution of CTH as shown in Di Michele et al. (2014a), the analyses for situations below

and above 5 km are done separately. As for the CloudSat CTH monitoring (Section 2.2), the results from the
monitoring of high clouds are only presented.

Stand-alone CTH

Time series of the daily mean CTH from CALIOP, htcof , over the period of three months are shown in Fig. 3.11
for mid-latitudes South and for tropics. Lines and symbols in each plot have the same meaning as in the
case of the backscatter monitoring. Surprisingly, the negative trend, imposed by introduction of an artificial
drift in the value of the lidar calibration coefficient, so evident in the monitoring of backscatter either stand-
alone observations or FG departures (Section 3.1.1), is hardly noticeable in time series of mean CTH. Similar
behaviour is observed for the monitoring of the standard deviation (o), top) in Fig. 3.12. There is no systematic
warning issued, and as in the case of CloudSat derived CTH, a decreasmg trend for the CTH is not large enough
to trigger an alarm.

CTH departures

The temporal evolutions of the CTH departures (i.e. differences between CALIOP-derived CTH and the model
equivalents) are displayed in Fig. 3.13 for mean and in Fig. 3.14 for standard deviation. Though for the mean
(Fig. 3.13) the negative trend is slightly more obvious than for the stand-alone CTH monitoring, it is still not
large enough to trigger an alarm. The standard deviation of CTH departures (Fig. 3.14) does not show any clear
trend that would indicate a drift in the observations.

Number of CTH cases

Time series of sample number of CTH derived from CALIOP for the period from 1 December 2006 until
28 February 2007 are shown for mid-latitudes South and the tropics in Fig. 3.15. The data drops in the different
periods (5-19 December 2006, 15-17 January 2007, 27 January 2007, 3 February 2007) have been already
explained in Section 3.1. Each plot displays the number of CTH cases over 12-hour and 24-hour period before
and after the screening. Because of the decreased sample number due to the applied screening, the daily
statistics should only be used for experimentation in order to deal with a more reliable sample. A drop in the
sample number could indicate a decreased agreement since less cases would be passing through the screening
and thus this information could be used for warning in the monitoring system.
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Figure 3.11: Time series of mean CTH derived from CALIOP for the period from 1 December 2006 to 28 February 2007.

Blue dashed line is for original observations, while blue solid line with artificial bias added. Top panel is for observations
at mid-latitudes South (30°S-60°S), and bottom panel uses observations in the tropics (30°S-30°N).
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Figure 3.12: Same as 3.11, but for standard deviation time series of CALIOP-derived cloud-top height.
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Figure 3.13: Same as 3.11, but for time series of mean differences between CALIOP-derived cloud-top height and ZmVar-
IF'S equivalents.
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Figure 3.14: Same as 3.11, but for time series of the standard deviation of differences between CALIOP-derived cloud-top
height and ZmVar-IFS equivalents.
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Figure 3.15: Time series of sample number of cloud-top height from CALIOP for the period from 1 December 2006 to
28 February 2007. Dashed and solid lines indicate data before and after screening. Red and blue lines refer to 12- and
24- hour time window stepping, respectively. Top panel is for observations at mid-latitudes South (30°S-60°S), and bottom
panel uses observations in the tropics (30°S-30°N).
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4 Conclusions

In this study, monitoring systems for observations from the CloudSat radar and the CALIPSO lidar have been
put in place. The feasibility of monitoring possible problems in the data has been investigated analyzing statis-
tics of stand-alone observations and FG departures over a three-month study period. First guesses of CloudSat
reflectivity and CALIPSO lidar cloud backscatter are determined using the ZmVar observation operator on
short-term forecasts of the ECMWF model.

In the radar case, the study has shown that statistics of CloudSat observations are stable so that their time-
monitoring can provide indications of possible drifts. After applying a quality control screening, there is a
certain degree of consistency between simulated reflectivity and observations. Therefore, the extra information
brought by the forecast model brings to an earlier identification of a simulated drift in CloudSat observations.
The results also indicate that monitoring of the reflectivity-derived CTH is less efficient than reflectivity in
identifying trends despite very high correlation between CloudSat-derived and ZmVar-derived CTH.

In the lidar case, monitoring experiments have shown that a systematic change in the lidar calibration coefficient
can be detected through analysis of the temporal evolution of lidar cloud backscatter. The study has also
indicated that the monitoring of the differences between observations and the equivalent quantities derived
from the ECMWF forecast model does not improve the detection skill. This result can be explained with
the discrepancies that the simulated cloud backscatter has compared to the CALIOP observations. Planned
improvements in the description of clouds in the model and refinements to the lidar forward operator should
reduce such discrepancies and therefore to lead to more important value of the monitoring of FG departures for
data quality in the future.
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List of Acronyms

4D-Var Four-Dimensional Variational Assimilation

ATLID ATmospheric LIDar

CALIOP Cloud-Aerosol Lidar with Orthogonal Polarization

CALIPSO Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation

CloudSat NASA’s cloud radar mission

CPR Cloud Profiling Radar

CTH Cloud Top Height

EarthCARE  Earth, Clouds, Aerosols and Radiation Explorer

ECMWF European Centre for Medium Range Weather Forecasts

ESA European Space Agency

FG First Guess

IFS Integrated Forecasting System of ECMWF

NASA National Aeronautics and Space Administration

NWP Numerical Weather Prediction

PDF Probability density function

PSD Particle Size Distribution

QuARL Quantitative Assessment of the operational value of space-borne Radar and Lidar
measurements of cloud and aerosol profiles

RMSE root mean square error

STSE Support-to-Science-Element

Z Radar reflectivity

ZmVar Z (reflectivity) Model for Variational assimilation of ECMWF
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