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Parameterisation of regions of deep convection

JMA requires three parameters as information relating to areas of

deep convection and desires all CGMS Members to exchange them through GTS
for the achievement of global coverage.

(1) Total cloud amount,

(2) Mean brightness temperature for cloud covered area, and

(3) Standard deviation of brightness temperature for cloud covered area,

in a grid box whose size is I#xl°or 0.5°x0.5° latitude/longitude.
JVA developed a procedure to estimate three-dimensional
of water vapor using these parameters derived from GMS images.

conception is shown in Fig.T. The procedure has been used in operational
data assimilation schemes of the JMA"s numerical prediction model.

An impact study for the procedure shows that these parameters are
effective to analyze moisture field in convective areas and to improve an
accuracy of the prediction model, especially in the tropics.(see Attachment)

distribution
Its general



Fig.l Using GMS Cloud data and SYHOP observations, cloud condition can be determined.
Moisture data are estimated using the typical vertical moisture profile data set
which have been established by a statistical technique.
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W ater vapor is one of the most important atmospheric parameters for nume-
rical weather prediction (NWP) models. In order to obtain results by NWP
models, especially for rainfall forecasts, it is essential to use accurate
initial moisture fields. Therefore, analyses of moisture field should be
performed with special attention.

In this respect, use of observations with high accuracy is quite impor-
tant. At present situation, radiosonde observations are only reliable for the
upper level moisture analysis. However, radiosonde observation network is too
sparse, especially over the ocean, to perform accurate moisture analyses with
considerable resolutions in horizontal and vertical.

To provide more information of upper level moisture, retrieval methods of
water vapor profiles from satellite sounding have been attempted(e.g. Smith
and Howell, 1971; Hayden et al., 1981; Lipton et al., 1986; etc.). The
retrieved water vapour fields showed a substantial accuracy under cloud-free
condition, but fine vertical structure could not be retrieved; the retrieval
methods cannot determine the moisture field in cloud regions.

Estimations from other types of observations have also been attempted.

For example, Chisholm et al.(1968) investigated the relationship between

surface synoptic observations and the colocated TEMP data and developed a
diagnostic approach to estimate humidity at standard pressure levels (850mb, 700mb,
500mb, 400mb) from surface observations. Jonas (1976) demonstrated that the

upper moisture data estimated from surface observations have considerable
availability for the upper level humidity analysis.

The cloud images observed by meteorological satellites have also been used
to estimate water vapor fields ( Thompson and West(1967), Smigielski and
Mace(1970), Walcott and Warner(1981), Mills(1983) etc.). Wolcott and Warner
(1981) applied satellite cloud data to moisture analysis with the additional
information of the present weather observations as follows ; if precipitaion
is observed, relative humidity is assumed to be 100% from the surface to the
cloud top level. If not, it is assumed to be 100% only at the cloud top level.
They showed that these data allowed a NWP model to improve the forecast of
rainfall rates.

At Japan Meteorological Agency(JMA), using cloud data obtained by GMS (GMS

cloud data), vertical moisture profiles have been estimated and used in the
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to be overestimated by the method of MSC in Judgement of cloud tops from the
GMS cloud data. As mentioned before, whether the observed Tgg is at cloud top
or at land surface is judged by comparing the TBB with climatological I000mb
temperature of GMSSA. |f the surface temperature in the land area is lower
than the 1000Omb temperature of GMSSA, it is judged that the observed Tgg is at
cloud top but not at land surface. This error happens frequently over the
land in winter season. The same error is also found in the Tibetan platean
due to its high elevation. Therefore, to obtain satellite moisture data, we
must take a care of the accuracy of the cloud amounts from the GMS cloud data
calculated by MSC, especialy over the land area.

We use 3 parameters of the GMS cloud data to classify the cloud condi-
tions: the total cloud amount in a grid box, the mean TQB at cloud top, and
the standard deviation of the TQB. The total cloud amount is used to specify
the integrated moisture condition in the grid box; If it is 0%, the moisture
condition is thought to be dry, or if it is 100%, it should be moist. The
mean Tm:s at cloud top is used as a parameter to give vertical structure of the
moisture in the grid box. From mean Tgg at cloud top, we compared the mean
level of cloud top using TEMP data and/or guess temperature field. We do not
use GMSSA. The standard deviation of the Tgg has an information about cloud
type in the grid box; If it is large, we regard that the main cloud type is
cumulus and that the transition layer from moist (cloud) to dry areas is
thick. If it is small, the cloud type is regarded as stratus; the transition

layer is thin.

In the conventional estimation method of satellite cloud moisture data, on
these 3 parameters have been used in the classification of the cloud
conditions. The new method uses the Synop obervations as well as GMS cloud

data, which w ill be discussed below.

627 0+(8 (2'#$3%,.(+'

The GMS cloud data gives the information surveyed above clouds, so that it
has essentially no clue to estimate the moisture conditions in the layers
below the top of the cloud. On the other hand, Synop observations offer cloud
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from PA-50mb to P"+50mb, and the mean humidity at this level Is obtained.
The mean humidity is regarded as the smoothed value.

(3) The vertical prfile of relative humidity is reconstructed with the smooth-
ed values.

(4) The profile of relative humidity is converted to that of the T-TD.

67 #H#$1.4%,.(+ (- "# ,08./%*  8$(-*# -($ #%/" *()& I(+&.,.(+

Using the smoothed TEMP data, typical vertical profiles of T-TD are deter-
mined statistically for each cloud conditions. In this process, we have to
take care of the following points; (1) The accuracy of the GMS cloud data is
not satisfactory over the land. As mentioned in section 2-(a), the cloud
amount over the land is tend to be overestimated. Therefore, satellite cloud
moisture data is performed only over the ocean area and the TEMP data observed
at stations on islands or ships over the ocean are only used. (2) If there is
an inversion layer, the mean TgB at cloud top has sometimes two or more
corresponding levels; in such a case, the highest one is selected as the level
of the cloud top.

TEMP data used for the statistics were accumulated from February 1984 to
June 1986. The accumulated TEMP data were sorted according to the cloud
conditions. Using the sorted data the most approprate estimate of T-TD verti-
cal profiles for esch cloud condition was determined.

Figure 5 shows one of examples of the histgram of the smoothed TEMP T-TD
values at 850mb level for the cloud condition No.56 (total cloud amount is
80%-99%, mean cloud top level from 450mb to 660mb, present weather Free, and
the location in tropics). In the conventional satellite cloud moisture data,
the mean value of the histgram of the sorted TEMP data was used as the value
of the typical T-TD profile of a cloud condition. However, in the new satel-
lite moisture data, not only the mean value but also the mode are used to
specify the typical T-TD value at refernce levels. This is because that the
mean value does not necessarily mean the representative moisture value for the
cloud condition. In the example shown in figure 5, the mean of the data is
3.2K, but is not appropreate for the representive value of data. We should
select the mode 1.5K.

After specifying the typical value at every 50mb level using the smoothed
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is based on a two-dimentional optimum interpolation method whose background
field is provided by the 12 hour forecast of L12-T42 global spectral forecast
model (Kanamit8u et al. 1983).

The map time 1200UTC 24 June 1986 was investigated. The infrared satel-
lite photograph by GMS 3 was already shown in Figure 2. Figure 10 shows the
surface weather chart around Japan. A stationary front (Bai-u front) extended
from the north-western Pacific Ocean to China through the Japan islands see
cloud band in Figure 2. A Tropical Storm (NANCY-TS8605) was at 30°N,123°E in
the East China Sea. The intertropical convergence zone (ITCZ) was between
15°N and the equater. A clear region of the subtropical high was between the
stationary frontal zone (Bai-u front) and the ITCZ. The trade-wind cumulus
clouds spreaded over the eastern Indian Ocean and the shallow cumulus clouds
whose tops were lower than 3000m also spreaded near the eastern coast of the
Australia. (They were not clear in the IR satellite photograph of Figure 2.)

Because the resolution of the analysis is 2.5° latitude-longitude, if the
satellite cloud moisture data are estimated at all IsxI® grid boxs over the
ocean, there are too many data to perform the analysis. Therefore, we basica-
Ily estimate satellite moisture data at every 2°x2° latitude-longitude inter-
val. In addition to them, the satellite cloud moisture data were also esti-
mated at a grid box even if the grid box is not the 2°x2e interval, when any
SYNOP or SHIP observations were reported at the grid box. This was because
that T-TD profiles determined with the SYNOP observations have much re lia b ili-
ty than those determined only with the GMS cloud data.

Figure Il shows the distribution of the satellite cloud moisture data used
in the analyses. The numbers of the estimated satellite cloud moisture data
for each cloud condition are shown in table 6. The total number were 1054 in
the tropical region and 987 in the subtropical region. The numbers of those
used SYNOP observations are 113 and 122, respectively.

The moisture analyses Including the new satellite cloud moisture data are
shown in figure 12. We w ill call the new analyses the Test analyses. Because
the observation errors of satellite cloud moisture data are greater than those
of TEMP data, the effects of the TEMP data dominate on the analysed field near
the stations. However, the moisture analyses are usually performed under the
effects of the satellite moisture data over the ocean, because the TEMP data
are very sparce there. The Bai-u front and the ITCZ were well expressed at

all analyses levels. The areas of the Trade-wind cumulus clouds in the eas-
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analyses of the Test and Control runs with the IR Image of satellite (figure
16), it is found that the analyses of the Test run is better than those of the
Control run. It is too dry in the cloud areas in the Control run.

We compared the two forecasts in terms of accumulated precipitation(RR)
during 12 hour forecast period and sea level pressure(PS). Figure 19 shows
the forecast results. The test run predicted more amount and wider areas of
precipitations than the Control run. For example, during first 12 hour fore-
cast, precipitations were predicted in the South China Sea(19°N,112°E) and the
western Sea of Japan(38°N,131°E) in the Test run, but not in the Control run.
With respect to. the precipitation accompanied by TS8613, the precipitation
area in the Test run was broader than that in the Control run. The maximum
value of the precipitation area in the Test run was also greater than that in
the Control run. The formar was 14mm/6hour and the latter was 6mm/6hour.

To verify the predicted precipitations, we estimated the real precipita-
tons using SYNOP and SHIP observations(Figure 19). Comparing Figure 18 with
Figure 19, we can recognize that the predicted precipitations In the Test run
were much closer to the observations than those in the Control run. For the
first 12 hours, there observed precipitations in the South China Sea and
weastern Sea of Japan(Flgure 19(top)), which were predicted by the Test run
but not by the Control run. A severe rainfall was observed in the middle
Korean Peninsula for both the second and third 12 hour periods. For the
second 12 hour period, its maximum was 61lmm/6hour. The Test run predicted
this rainfall with stronger intensity than the Control run. The maximum
precipitation was 16mm/6hour in the Test run during the second 12 hour period.
Although the maximum value was smaller than that of the observations, its
position was well predicted. In the control run, the maximum was 6ram/6hour,
which was smaller than that of the test run and the position was on the Yellow
Sea.

A precipitation continued through the whole forecasting periods around at
25°N,158°E in the Te3t run. However, because no SYNOP or SHIP observations
were obtained in the area, one could not recognize it in Figure 19. To
estimate the precipitations over the ocean we use the cloud data obtained by
meteorological satellite. Figure 20 shows the cloud distributions represented
by the observed TE-)’(‘) at cloud top, during 0000UTC 26 August and 1200UTC 26.
The lower the cloud top temperature is, the greater the probability of preci-
pitations is expected under the cloud area. Figure 20 indicates clealy the

14
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Figure 13 Comparison between the Test analysis and the Control analysis at
500mb in the southern hemisphere. (Top) Test analysis with not only the
TEMP data but also satellite cloud moisture data. (Bottom) Control analy-
sis with only the TEMP data. Contour interval is 3K and the area where

T-TD is lower than 3K is shaded.

Figure 14-a Comparison between the Test analysis and the Control analysis at
850mb in the northern hemisphere. (Top) Test analysis with the new satel-
lite cloud moisture data. (Bottom) Control analysis with the conventional
T-TD bogus data. Contour interval is 3K and the region where T-TD is

lower than 3K is shaded.
Figure 14-b The same as Figure 14-a but for 500mb level.

Figure 15 Infrared satellite photograph by GMS-3 at OOOOUTC 26 August 1986.
Figure 16-a Surface weather chart at OOOOUTC 26 August 1986.
Figure 16-b Surface weather chart at 1200UTC 27 August 1986.

Figure 17 T-TD analyses at OOOOUTC 26 August 1986. Relatively humid regions
where T-TD-3K are shaded. (Left) the analyses of Test run and (Right)
those of Control run. (Top) at 850mb and (Bottom) at 700mb.

Figure 18 Comparison of the forecasted sea level pressure and precipitation
by Test run (Left column) and Control run(Right column). The contour
interval of PS is 4mb. Precipitation areas are shaded and the contour
interval of the accumulated precipitaions is 5mm/6hour. (Top) Initial Ps
and precipitation during 0 to 12 forecast hours, (Middle) Ps at 24 hour
forecast and precipitation during 12 to 24 forecast hours, and (Bottom) Ps

at 36 hour forecast and precipitation during 24 to 36 forecast hours.
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Table 2 Elements used to classify the cloud condition.
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Figure 2 GMS-3 infrared satellite photograph at 1200UTC 24,June 1986.
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Figure 6 Histograms of the smoothed TEMP T-TD data at every 50mb level from
I0O0OOmb up to 600mb and at 500mb and 400mb for the cloud condition No0.56.

In some areas, when the relative humidity is less than 20%, the dew point

depression is

fixed

to 30K.

Therefore,

the frequency at 30K is large at
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Figure 9-d The same as Figure 9-a but cloud conditions No0.67-N0.88 and
present weather is Wet and location is subtropics.

13



&%

2

& & &

&%
?4

2

1

/2

& &t

"'432

"4

-E









40°N 50°N bO°N SEN

&% E #° o, - _5EE; + 56 = ( .239



%ll

6/

*5



&!

B)O

BAA
!

8CA 0
BH% Q&

.6

R &!

44

#

B)

78E

0&

&

9AA O

#



> > AN $ ) ’

&X' SEE-1 *U
&% .5 -1 &%
r-TQ BOGUS 1966 S ) 12 1 *IOOMB K I- 0
&% 5 -1 &0 5 1 #" 6EE-1 *4

68


































































