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“* Appearence/significance of upper-level divergence

**Interpretation scheme and usefulness of MPEF
DIV product
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Upper tropospheric divergence in tropical convective systems from
Meteosat-8

Johannes Schmetz, Régis Borde, Kenneth Holmlund, and Marianne Konig
EUMETSAT, Darmstadt, Germany

Divergence field at the The red contours represent wind field
top of a tropical derived from atmospheric motion tracking
convective cloud system in the Meteosat-8 WV channel at 6.2 um.
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level divergence
is generated
through ascent,
related with a
strong tropical
convection.
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Inferring the divergence field at the tropical convective clouds by MSG

6.2 um WV channel data offers a useful diagnostic tool for testing
convective parameterisations in NWP models (Schmetz et al., 2005).



Upper-level forcing of convection

At the mid-latitudes
Upperdevel divergence of the flow can be an ingredient of a

pre-convective environment related to the upper-level
dynamics:

strong convective development can be forced by
upper-level divergent (diffluent) flow near the jet

Upper-level Divergence => forcing of deep moist convection

Upper-level Convergence = depressing deep moist convection



DIAGNOSIS OF CONVECTION ENVIRONMENT

It is important for operational purposes to diagnose the
upper-level divergence/convergence of the flow by WV
images and/or

SATELLITE DIV PRODUCT

« EUMETSAT started to operationally disseminate the MPEF DIV
product in 2008 via EUMETCast.

* There is no much experience in the operational use of the DIV
product .

The input to the product algorithm is all upper-level AMVs,
derived by tracking cloud and humidity features in the 6.2 um
WV channel in the layer 100-400 hPa.

Generally, the MPEF DIV values represent an atmospheric
layer between 100-400 hPa, rather than an atmospheric level.



MPEF DIV PRODUCT VISUALISATION TEMPLATE
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MPEF DIV PRODUCT INTERPRETATION SCHEME
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Convective cloud systems over mid-latitude Europe
NIMH 2010 Palette . .
Rarge ofdverenc Tropical convective clouds can produce very strong upper-level
¢ divergance, (about 450 * 105/s, Schmetz et al., 2005).

-40to -20

-20 to 0 [none]

0 to +20

At mid-latitudes, the divergance as

+20 to +40 MPEF DIV - .
IR 10.8 m (colored only BT <- 40 C) derived by MPEF DIV productis
MO0 300hPa wind (only > 30 k) much lower, usually in the range

+60 to +80 1.5 PVU surface height (only < 1000 hPa)

+20 = +60 * 105/s, ( Georgiev and
Santurette, 2009),
including the two possible
mechanisms, which act for
producing upper troposphic
divergence:
- Synoptic scale divergent flow,
=~ < related to ageostrophic wind
near the jet.

- Convective developments with

~. Strong upper troposphere

N ~updraft in low rate of the upper-
level dynamics.




MPEF DIV PRODUCT AS A TOOL FOR ASSESSING CONVECTIVE ENVIRONMENT
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A study of the relation between
the DIV field and deep moist

convection.

The convective cells are
classified in 8 cases according
to the location of their initiation
and development, regarding the
divergence or convergence in
the area as derived by the
MPEF DIV product.

CASE 1
CASE 2
CASE 3
CASE 4

CASE 5
CASE 6
CASE 7
CASE 8

Convective cells
at

Convective cells

at an area of strong Divergence > +20 10-°%s-

at
at

at
at
at
at

weak Divergence [+20 +0 10%s]
weak Convergence [0 +-20 10-6s1]
strong Convergence [<-2010%s]

strong Divergence >+20 10%s
weak Divergence [+20 :0 10%s]
weak Convergence [0 +-20 10¢s-]
strong Convergence [<-2010%¢s]



MPEF DIV PRODUCT AS A TOOL FOR ASSESSING CONVECTIVE ENVIRONMENT
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« 76 % of the deep convective cells

initiated at areas of divergence
seen by MPEF DIV product.

* 92 % of all deep convective cells
developed at areas of divergence.

In 15 % of the cases the upper-
level divergence can be a result of
a strong convective development:
(15 % more convective cells in Case 3
than the cells in Case 7).

Only 24 % of the deep convective
cells initiate at areas of upper-level
convergence seen by DIV product.

Convective cells initiating at area of

Divergence, 106s-1 Convergence, 10-6s-" Total
> +20 +20 +0 0+-20 <-20
2010 Case 1 Case 2 Case 3 Case 4
29/06/ 1 40 9 1
16/06 — 14 781 266 13 1166
22/07 _———— T e
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/
’

Convective cells developing at area of

Divergence, 106s-1 Convergence, 10-6s-" Total
> +20 +20 + 0 0=+-20 <-20
Case 5 Case 6 Case 7 Case 8
7 43 1
251 827 82 6 1166
———————— -1 ’ _——
| 21.5% | 71.0% 1 { 7.0% 0.5%
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DIV product & IR 10.8 um (only < -40°C)
MPEF DIV PRODUCT ARPEGE NWP CAPE (only > 800 J/kg
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L iftEd I ndex DIV product & IR 10.8 um (only < -40°C)
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S LIRS Convection initiation at two areas of
Lifted Index: instability seen by
LI = Tobs - Tlifted from surface at 500 hPa  NWP model Cape
where Tobs 1s the observed temperature. and

MPEF Gll indexes
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Strong convection further « Maximum development phase of convection
develops in the area of pre- at the divergence area over the Balkans
existing Divergence seen by the * No deep convective development over
satellite product Turkey at the area of upper tropospheric

convergence



Convection initiation as seen in WV imagery
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- As favoured areas for
initiation of deep moist

- convection over Europe

~ the transition zone of dark
(dry) and light (moist)
regions on Meteosat WV
images have been
identified Krennert & Zwatz-
Meise, 2003); Ghosh et al., 2008).

The upper-level dry
boundaries seen in the
imagery should be

= considered with respect to
the dynamic rate at which

N they are maintained
| (Georgiev and Kozinarova, 2009).

The DIV product is useful to recognise which of the moisture boundaries on
the WV image are not favourable for deep convective development.



Operational use of MPEF DIV product
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The DIV product is useful to recognise which of the moisture boundaries on
the WV image are not favourable for deep convective development.




Operational use of MPEF DIV product

Sever convection over the Northern Balkans 16 June 2010
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Two areas of tropospheric instability (as forcasted by NWP model),
Cape range: 1000 + 1500 J/kg,
at which of the two locations deep moist convection is most likely to develop?



Operational use of MPEF DIV product

Areas of instability (by NWP model Cape) and divergence/convergence (by the MPEF DIV)
at which of the two locations, deep moist convection is most likely to develop?
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MPEF DIV PRODUCT INTERPRETATION SCHEME
DIV PRODUCT AS A FORECASTING TOOL

, 300 hPa wind (> 55 k), 1.5 PVU
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For short-range forecasting of convection it is useful to consider

in conjunction with other relevant inform

ation, e.qg.:

At high rate of the upper-
level dynamics, the
DIVERGENCE significantly
contributes to formation of an
environment of deep moist
convection.

In the mid-latitudes high
impact convective events
often occur in areas
where, in addition to the
instability and low-level
forcing mechanisms,
there are upper-level
forcing trough a divergent
synoptic-scale flow.

MPEF DIV product

 upper-level dynamical fields » parameters of tropospheric instablity (NWP, GlI)



CONCLUSION
use of the MPEF DIV product in the operational context

The DIV product is useful to identify which of the moisture boundaries on
the WV image and areas of tropospheric instability are not favourable for
deep moist convection. Only 24 % of the convective cells initiate at areas
of upper-level convergence seen by MPEF DIV product.

A good practice for diagnosing upper-level environment is by using the
satellite DIV product in addition to the other relevant information :

« Air mass instability from NWP models, from hyperspectral sounding
indexes (as MPEF GllI , RIl) or from upper-air sounding data.

 NWRP upper-level dynamical fields.

There is a potential for generation of DIV product on 15 minutes of half an
hourly basis of Meteosat Rapid Scan Services. The quick repeat cycle of
Meteosat Rapid Scan would help assessing the rate of upper-level
dynamics at the onset of convective development.
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MPEF DIV PRODUCT INTERPRETATION SCHEME
DIV PRODUCT AS A FORECASTING TOOL

(< 1000 dam)

The deep convective cell
initiated at the left exit of a jet
and divergence seen by
MPEF DIV product: in the
range [+20.106s = 0].
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For short-range forecasting of convection it is useful to consider MPEF DIV product
in conjunction with other relevant information, e.g.:

 upper-level dynamical fields » parameters of tropospheric instablity (NWP, GlI)



MPEF DIV PRODUCT VALIDATION

Two possible factors affect quality of the MPEF DIV product
and might impose limitations :

- The Barnes interpolation (Barnes, 1964) used as an
intermediate procedure as a necessary step. This has the
effect of smoothing out information horizontally and the side
effect is that small-scale features are suppressed.

- The input to the algorithm is all upper-level AMVs, which
pass through specific quality control. They are derived by
tracking cloud and humidity features in the 6.2 um WV channel

In the layer 100-400 hPa. Generally, the MPEF DIV values

represent an atmospheric layer between 100-400 hPa, rather than an
atmospheric level.



MPEF (DIV) Product over tropical Africa

ECMW 150 hPa Divergence
4 4 f“ . & e ik 4

Schmetz et al. (2005) determined the mean altitude
of the observed divergence field, as defined by the
mean height of AMVs at the top of the convective
clouds: In this case it was around 130 hPa with a
standard deviation of 30—40 hPa.

Inferring the divergence field in tropical
convective clouds by MSG 6.2 um WV channel
data offers a useful diagnostic tool for testing
convective parameterisations in NWP models.

ECMWEF wind field divergence at 150 h Pa (upper panel (forecast valid for
1200 UTC ) and the corresponding satellite derived divergence field (lower
panel), background are the 10.8 um images Schmetz et al. (2005).




DIV Product validation at Mid latitudes

f 300 hPa wind (> 50 kt), UA S wind at 300 hPa

5y - B § B R B | .__J =

He1ght TE,ME,Sg,BU,BU,SH,SP 300HPA
,:51 9250 _| -

16 May 2011

_IWL%“L&K‘&“\‘J\K Q{Q{ﬁ 3010 #

OWind

%00 =
o+ —soﬁ 92390 ('\('\‘\l\ 22&(47 X ?% ﬁg 938 w(f%aoll
C O RS
(= AT Str?g‘e,g -53 )319&53 cnﬂo :—/ -3/ —%9 977
o s qz%on rgence, = 91@ g
0[] conflrmed by % -1360\0 390, J J
o[ radiosonding ta 2 'y 300 ~43 gi 48 Eo(
o -4 9350 30043 | sob. &
o 45 48 4 300 il g : o
O <~ 4z S a5t 97
o0 :
—46 -560 gsf%i \
-59° 3410 AR
r 5407 &
#7 5300 :
/A -81 8370 —46
47 fa T 300 )
-6+ 9380 TgzC 2l 2380 £
o U
D50 580 ],
+4
3
\\mﬁgga .‘mkl\

SRS A R R bl Ay 4
&&wmmmﬁlﬁﬁ%&z y

S otles, b il dte L
R S W N %‘tt%
&&meu_umu\ﬂk b m\ﬁf:
WWL\#L\_J@—SL Wt L g
V | SO R 3 Lk‘ “\
NN Y W L
& U,

Validation of MPEF DIV product by comparing with 300 hPa wind from
upper-air sounding observations and NWP model analysis



DIV Product validation at Mid latitudes
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Sensitivity of MPEF DIV
product to

upper-level divergence
resulting from ascent,
associated with strong
convective development
at mid latitudes.

This effect causes sudden

appearance of divergent
values at such areas of
striong convective
developments in
consecutive hourly
images.



Convective cloud systems over mid-latitude Europe
é‘;f;?}if;’;? While the upper-level divergance in the tropical
g convective clouds can be very strong, ( 450 * 106/s), it is
much lower in the mid-latitude convective clouds (as

seen in MPEF DIV ranging 20 — 60 * 10-6/s) due to

-20 to 0 [none]

0 to +20

T - weaker updraft compared with this at the tropical
— convective developments.
e - lower MSG resolution than this at the Central Africa

that smoothing out information horizontally.

PEF DIV MPEF DIV MPEF DIV
IR10.8 m, colored only BT<-40 C IR10.8 um only BT <-40°C
300 hPa wind (only > 30 kt)

1.5 PVU surface height (only < 1000 hPa)



