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ABSTRACT

Through simulation of summer and winter precipitation cases in China, the cloud precipitation schemes
of model were examined. Results indicate that it is discrepant between convective precipitation simulated
by the Kain-Fritsch (KF) scheme and Betts-Miller (BM) scheme in summer, the former scheme is better
than the latter in this case. The ambient atmosphere may be varied by different convective schemes. The
air is wetter and the updraft is stronger in the KF scheme than in the BM scheme, which can induce the
more grid scale precipitation in the KF scheme, i.e., the different cumulus schemes may have the different
and important effect on the grid scale precipitation. However, there is almost no convective rain in winter
in northern China, so the effect of cumulus precipitation on the grid scale precipitation can be disregarded.
Therefore, the gird scale precipitation is primary in the winter of northern China.
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1. Introduction

Moist physical process in the numerical model has
a great influence on the accuracy of numerical predic-
tion. The process of cloud precipitation is one of the
most important diabatic heating physical processes in
the numerical model, which makes an impact on the
large-scale circulation by the feedback of sensible heat,
latent heat, and momentum transport, and plays a
crucial role in determining the vertical structure of at-
mospheric temperature and humidity fields. It is also
the key factor given most concern for the precipitation
prediction.

There are mainly two kinds of cloud precipitation
schemes, namely, subgrid cumulus convective parame-
terization and grid scale explicit precipitation schemes.
The former dates back to the middle of 1950s, and now
many kinds of schemes are proposed, mainly includ-
ing shallow convection parameterization and deep con-
vection parameterization schemes. The shallow con-
vection process is also called non-precipitable convec-

tion process and the deep convection is called pre-

cipitable convection process which can cause not only
the change of vertical structure of moisture-heat field
but also the net-release of latent heat as well as con-
vective rainfall. The deep convective parameteriza-
tion scheme mainly includes pumping scheme (Char-
ney and Eliassen, 1964), moist convection adjust-
ment scheme (Manabe et al., 1965; Betts, 1986; Betts
and Miller, 1986), large-scale water vapor conver-
gence scheme (Kuo, 1965, 1974), convection mass flux
scheme (Arakawa and Schubert, 1974; Grell, 1993),
and release of convective available potential energy
(CAPE) scheme (Kreitzberg and Perkey, 1976; Fritsch
and Chappell, 1980; Kain and Fritsch, 1990), etc. Ac-
tually, there are similarities between these schemes in
some ways, not absolutely different. Generally, the
explicit precipitation scheme can be divided into two
kinds, i.e., warm cloud scheme and mixed phase cloud
scheme according to whether it contains ice phase pro-
cess. The scheme has a clear physical basis, however,
as mesoscale model grid spacing still has a far way to
be able to show the whole process of explicitly calcu-

lating cloud, cumulus convective parameterization

*Supported by Foundation from the Institute of Tropical & Marine Meteorology in 2004 and the National Basic Research

Program of China (2004CB418306).



NO.1

scheme has been attempted to be used in calculating
subgrid scale precipitation and the explicit precipita-
tion scheme used in grid scale precipitation. The com-
bination of the two schemes is called whole physical
process scheme or mixed scheme. A very important
problem of the two schemes in practical application
is what relations exist between them in different time
and weather processes and which one is dominant, so
as to offer further and more careful reference for the
practical prediction. In the moist physical process, it
is a very important scientific subject for the develop-
ment, selection, and application of cloud precipitation
scheme, and it is also a focus studied in the current
numerical prediction.

This paper firstly made a brief description of the
basic principles of two cumulus convective parameter-
ization schemes commonly used and a mixed phase
cloud precipitation scheme, using the latest mesoscale
numerical prediction model WRF (weather research
and forecasting) developed in USA. Through the sim-
ulation of winter precipitation in northern China and
summer precipitation in the Yangtze and Huaihe River
Basin, we examined the selection of cloud precipitation
scheme in different seasons and areas, made a thorough
discussion on the characters of the cloud precipitation
scheme applied, and studied preliminarily the effect
of different cumulus convection schemes on grid scale

precipitation prediction.

2. A brief description of model cloud precipi-

tation scheme and experiment design

2.1 Description of cloud precipitation scheme

2.1.1

Betts and Miller convective parameterization
scheme (BM scheme for short)
The selection of reference profile of convection ad-
justment moisture-heat field is an important part in
convection adjustment scheme. Manabe et al. (1965)
took “mean moist static energy line” as the reference
profile, while Betts and Miller (1986) took “observa-
tional quasi-equilibrium state line” or “modified moist
adiabat” as the reference profile of deep convection ad-
justment, and “mixed line” as the reference profile of
shallow convection adjustment.
The problem needed to be solved in new convec-
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tion adjustment scheme is to confirm whether the con-
vection adjustment characteristic time 7 makes con-
vection adjustment as well as convection adjustment
moisture-heat field’s reference profile T, qq-

(1) Process of deep convection adjustment

The control condition for deep convection adjust-
ment is the conservation of the air column’s moist

static energy before and after adjustment, i.e.,

Pp _
/ (h—h)dp =0,
Py
where h = gz + ¢, T+ Lq is moist static energy.
After the first guess of convection adjustment is
determined, it will be revised according to the con-
trol condition of moist static energy conservation. The
rainfall amount is estimated when moisture-heat field’s
reference profile of convection adjustment is deter-
mined.
(2) Process of shallow convective adjustment
The control condition for shallow convection ad-
justment is that there is no convective precipitation

occurring in the entire column, i.e.,

Py Py _
/QQ_adpicp/Ta_poio

T g L T g
Pr P

In the process of shallow convection adjustment,
saturated pressure deficit is assumed to be invariable
from cloud base to cloud top, and the reference ther-
mal profile is paralleled to mixed line.

Although BM

scheme cannot give a detailed description of the inter-

convective  parameterization
action between cumulus convective parameterization
and ambient force field, this scheme has two charac-
teristics: firstly, the influential effects of both deep
convection adjustment and shallow convection adjust-
ment processes are simultaneously taken into consid-
eration; secondly, virtual moist adiabatic (modified
moist adiabat) is taken as convection adjustment ref-
erence profile.
2.1.2  Kain-Fritsch parameterization
scheme (KF scheme for short)

KF scheme (Kain and Fritsch, 1990) is developed
on the basis of Fritsch-Chappell scheme (Fritsch and
Chappell, 1980). Fritsch-Chappell scheme holds that

convective
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CAPE in the air can directly be utilized in control-
ling and adjusting the cumulus convective process and
describing the feedback of cumulus process on ambi-
ent field. In KF scheme, entrainment, detrainment,
updraft, downdraft, etc. are taken into consideration;
one-dimensional entrainment/detrainment plume cur-
rent model is introduced; the drag effect of condensate
in vertical motion is taken into account, and the cri-
teria for parcel’s upward and downward drift in the
lifting condensation level are revised. Precipitation ef-
ficiency is determined by both cloud base height and
wind vertical shear, and convection adjustment char-
acteristic time 7 is calculated by the mean wind be-
tween cloud base and 500 hPa, namely the middle tro-
posphere. This scheme avoids following single small
cloud’s route, with an assumption of mass distribu-
tion of accumulated mixed air parcel and integration
produces net-entrainment/detrainment rate. The new
model improved sensitivity of convective parameteri-
zation scheme to cloud scale ambient, which mainly
due to introducing into the physical actual estimate of
cloud lateral detrainment rate, and allowing upward
current mass flux to vary with the environment condi-
tion in the cloud layer.
2.1.3 NCEP simple ice phase cloud scheme

This scheme is proposed by Hong et al. (1998).
They made some modification and increased the ef-
fect of ice deposition process. It is a cloud scheme
that contains the ice phase process and concretely in-
cludes three water substances, namely vapor, cloud
water/ice, and rain/snow. Cloud water/ice is a kind
of water substance, which is differentiated by temper-
ature, and when the temperature is below or equal to
freezing temperature, i.e., below 0°C, it is considered
to be cloud ice, and otherwise it is considered to be
cloud water. Similarly, rain/snow is taken as water
substance differentiated to be rain or snow based on

whether the temperature is above or below 0°C.
2.2 Design of numerical experiment scheme

The model used in this paper is the latest
mesoscale numerical prediction WRF model devel-
oped in USA, which adopted the Arakawa-C leap-frog
scheme and fully compressed non-hydrostatic dynamic

frame, whose coordinate can select the mass terrain-
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following coordinate or altitude terrain-following coor-
dinate. Physical processes include cloud microphysical
explicit precipitation, sub-grid cumulus convective pa-
rameterization, long-wave radiation, short-wave radi-
ation, land process, boundary layer process, sub-grid
diffusion, etc.

Primarily studying selection and application of
cloud precipitation scheme in China, we take 20 km as
model grid spacing and use the mass terrain-following
coordinate and other physical process consistently, so
as to study the effects of different cloud precipitation
schemes on precipitation prediction.

This paper designed two numerical experiment
schemes. Through the simulation analysis of winter
precipitation in northern China and summer precipi-
tation in mid-lower reaches of the Yangtze River Basin
in 2002, respectively, we studied the application fea-
tures of different cloud precipitation schemes in dif-
ferent areas and seasons in China, and made a thor-
ough discussion. AVN analysis data are adopted in
the model.

Experiment 1: BM subgrid cumulus parameter-
ization scheme and grid scale explicit precipitation
scheme (NCEPCLOUD3 Scheme) are selected and the
schemes are abbreviated to BM-S in summer, BM-W
in winter.

Experiment 2: KF subgrid cumulus parameter-
ization scheme and grid scale explicit precipitation
scheme (NCEPCLOUD3 Scheme) are selected and
they are abbreviated to KF-S in summer, KF-W in

winter.

3. Application and analysis of summer preci-

pitation scheme over China
3.1 Weather situation

Persistent rainfall occurred from 19 to 25 June
2002 in central and eastern China. Figure 1 illus-
trates the daily precipitation distribution from 08 BT
22 June to 08 BT 25 June (Beijing Time, the same
hereafter). As is shown, from 08 BT 22 June to 08
BT 23 June (Fig.1a), there are large rainfall areas in-
cluding the Yangtze-Huaihe River Basin, central and
eastern parts of North China, and southern North-

east China, and strong rainfall areas were of zonal
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Fig.1. Observational daily precipitation from 00Z, 22 to 00Z, 25 June 2002 in China. (a) 00Z, 22—00Z, 23;

(b) 00Z, 23—00Z, 24; and (c) 00Z, 24—00Z, 25.

distribution. The strongest rainfall occurred in north
of the Yangtze River and south of the Huaihe River.
In southern Henan, northern Hubei, northern Anhui,
and northern Jiangsu Provinces, their rainfall amounts
all exceeded 50 mm in 24 h, reaching the level of
heavy rainfall, even in some areas of southern Henan
Province and western Anhui Province, their amount
was over 100 mm in 24 h, reaching the level of great
From 08 BT 23 to 08 BT 24 June
(Fig.1b), the rainfall areas diminished and the strong

heavy rainfall.

rainfall belt went downward south slowly between the
Yangtze and Huaihe Rivers, and there was still rain-
storm in areas of Hefei, Nanjing, and Shanghai, and
strong rainstorm in west of Hefei. From 08 BT 24 to
08 BT 25 June (Fig.1c), with the cold air from the
north invading, the rainfall area was further shrunk,
dividing into northern and southern parts; the rain-
fall weakened or even disappeared in areas of north
of the Yangtze River; stronger rainfall belt weakened
and moved to the south of the Yangtze River, and

rainstorm only occurred in the central of Zhejiang

Province, but almost no strong rainfall in other areas.

3.2 Influential analysis of different cumulus
convection scheme on subgrid cumulus

convective precipitation prediction

Figure 2 depicts the convective precipitation from
08 BT 22 to 08 BT 25 June simulated with BM-S
scheme. Figure 3 depicts the counterpart but with
KF-S scheme. Comparison of Fig.2a with Fig.3a in-
dicates that in the precipitation 24h prediction from
08 BT 22 to 08 BT 25 June, the range of rainfall pre-
dicted in KF scheme is basically consistent with that
in BM scheme, i.e., there are obvious rainfalls both in
the Huaihe River Basin and of zonal distribution; and
there is almost no rainfall in south of the Yangtze River
and north of 36°N. The main difference between the
two figures is that the intensity of convective precipi-
tation in KF scheme is stronger than in BM scheme.
Also, there is discrepancy in the position of strong
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Fig.2. Daily convective precipitation predicted with BM-S from 00Z, 22 to 00Z,25 June 2002. (a) 00Z,
22—00Z, 23; (b) 00Z, 23—00Z, 24; and (c) 00Z, 24—00Z, 25.

rainfall area, i.e., the area predicted in KF scheme is
slightly to the further south than that in BM scheme.

Comparison of Figs.2b and 3b indicates that in
the 24-48 h precipitation prediction from 08 BT 23
to 08 BT 24 June, the range of convective precipi-
tation predicted in KF scheme is basically consistent
with that in BM scheme; there are obvious rainfalls
both in the Yangtze-Huaihe River Basin and of zonal
distribution; it moves towards south slowly compared
with the precedent 24 h precipitation prediction. The
main difference between the two figures is that there
is still discrepancy in the position of strong rainfall
area, i.e., the area predicted in KF Scheme is slightly
to the further south than in BM scheme, which is uni-
form with the precedent 24 h prediction. However,
the intensity of convective precipitation in KF scheme
is weaker than that in BM scheme, which is contrary
to the precedent 24 h prediction. Similarly compari-
son of Fig.2c with Fig.3c indicates that in the 48-72 h

precipitation prediction from 08 BT 24 to 08 BT 25
June, the strong rainfall belt originally located in the
Yangtze-Huaihe River Basin obviously moves south to
the Yangtze River Basin; the range of rainfall areas
predicted is much the same. However, with respect
to the position of strong rainfall area, the area pre-
dicted in KF scheme is slightly to the further south
than in BM scheme, and the rainfall belt predicted in
KF scheme is a bit narrower than in BM scheme; the
intensity of precipitation predicted is basically similar
in the two schemes.

Comparison of simulations (Figs.2 and 3) with
weather situation indicates that the convective pre-
cipitations predicted in the two schemes are of zonal
structure, which is consistent with the actual situa-
tion. But the strong rainfall areas predicted in the
two schemes are in the further north and the rainfall
intensity is weaker than that of the actual situation.
The position of strong rainfall predicted in KF scheme
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Fig.3. Daily convective precipitation predicted with KF-S from 00Z, 22 to 00Z, 25 June 2002. (a) 00Z,
22—00Z, 23; (b) 00Z, 23—00Z, 24; and (c) 00Z, 24—00Z, 25.

On the
whole, the precipitation case this time predicted by KF
scheme is better than that predicted by BM scheme.

is more conform to the actual situation.

3.3 Influential analysis of different cumulus
convection scheme on grid scale precipit-

ation prediction

The interaction between the large-scale circula-
tion and ambient air is a very complicated nonlinear
process, which is still one of the most challenging prob-
The

vertical distribution of atmosphere heating and drying

lems that the meteorologists are facing today.

effect after convection triggers and starts still needs to
be studied deeply. Moreover, the large-scale system
and the feedback effect of ambient atmosphere need
to be learned more. This paper puts stress on study-
ing different cumulus convective scheme’s influence on

grid scale precipitation prediction. The cumulus con-

vection has influenced the distribution of ambient at-
mospheric field, i.e., the distribution of atmospheric
temperature and humidity changes, which certainly in-
duces the change of grid scale cloud physical process.
Firstly, the influential result of grid scale precipitation
is given. Figure 4 represents precipitation prediction
field of 0-24 h and 24-48 h grid scales in BM-S and KF-
S schems, respectively. As the figures shown, in the
0-24 h grid scale precipitation prediction, the range
of grid scale precipitation in BM-S scheme (Fig.4a)
is quite similar to that in KF-S scheme (Fig.4b), but
the precipitation intensity in KF-S scheme is stronger
than in BM-S scheme. In Fig.4b, the rainfall centers
are in the middle of Henan Province, south of Shan-
dong Province, and north of Hubei Province, besides,
there is a rainfall center in west of Hetao, reaching 50
mm; In BM-S, there is only one rainfall center, only 20

mm. In Figs.4c and 4d, the differences and similarities
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Fig.4. Daily grid-scale precipitation forecast with BM-S scheme (a, ¢) and KF-S scheme (b, d). (a) and (b)
are for 0-24 h forecast, (c) and (d) are for 24-48 h forecast.

are analogous with those between Figs.4a and 4b, i.e.,
the range of rainfall areas is much the same, and
grid scale explicit precipitation occurred in most areas
north of the Yangtze River; there are 4 rainfall cen-
ters in this rainfall range; however, the rainfall center
areas in KF-S are larger than those in BM-S, and its
intensity in KF-S is stronger than in BM-S.

From the above analysis we can see that as cumu-
lus convective parameterization schemes are different,
the ambient atmosphere changes, which leads to the
difference of grid scale precipitation. To examine the
cause of the difference thoroughly, this paper studied
the changes of vertical velocity, humidity, and temper-
ature fields, as well as the possible causes in different
cumulus convective schemes on the basis of meteoro-
logical elements field which has an important impact
on precipitation.

As the range of precipitation this time is very
large, the change of meteorological elements in a cer-

tain area may be not representative, here we mainly

study the causes for changes in grid scale precipita-
tion. We select the obvious grid scale precipitation
regions in the two schemes, and do area average on
the regional elements to study the cause for precip-
itation change with the average change of elements.
Analyzing Fig.4, we take 33°-35°N, 112°-120°E; 32°-
34°N, 112°-120°E respectively BM-S, KF-S, respec-
tively then do regional average on the vertical velocity,
potential temperature, and humidity fields in the two
regions, and subsequently conduct the corresponding
subtraction of both averages (KF-S minus BM-S), thus
Fig.5 is yielded.

In the vertical velocity difference figure (Fig.5), it
is basically zero area in the lower troposphere (below
600 hPa), but it is positive area above 600 hPa, and
only by the period of 06 BT 23 June, there exists a
weak and narrow negative area. This shows that in
the area of obvious rainfall produced by model 48 h
integration, the updraft in KF-S is stronger than in
BM-S in most of time, i.e., the updraft height in KF-S
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Fig.5. Temporal-height cross-section of regional average differences of vertical wind (a), potential temper-
ature (b), and humidity (c¢) by KF-S minus BM-S scheme.

is higher than in BM-S. Particularly, during 13 BT 23
to 00 BT 24, the updraft in KF-S above 500 hPa is
higher than in BM-S by 0.02-0.08 m s~!, which shows
that the updraft in KF-S is of more obvious strong
features than that in BM-S. To make further under-
standing the cause of this phenomenon, it is proper to
study the change of vertical movement which contains
convective weather process from the change of atmo-
spheric stability. From the potential temperature dif-
ference figure (Fig.5b) we can see that, all areas in the
middle and lower troposphere (below 600 hPa) are pos-
itive, while those in the middle and high troposphere
are basically negative, especially after 12 h integration,
below 400 hPa is obvious positive area, and above 300
hPa is obviously negative . This shows that the poten-
tial temperature in the middle and low troposphere in
KF-S is higher than in BM-S, and the potential tem-
perature in the middle and high troposphere in KF-S is

lower than in BM-S. The temperature difference figure
(omitted) is similar to the potential temperature dif-
ference figure. This reveals that there is higher energy
in the middle and lower troposphere, and lower energy
in the middle and high troposphere in KF-S than in
BM-S experiment, i.e., make KF-S more unstable than
BM-S, so as to produce stronger updraft in KF-S. The
interaction between cumulus convection and ambient
air has been taken into consideration carefully by KF
scheme and the stronger instability may cause ambient
air to produce stronger upward movement, which will
be studied thoroughly from the aspect of difference of
physical process by the two schemes themselves.

In the relative humidity difference figure (Fig.
5¢), from 00 BT 22 to 12 BT 23 June, most of the
relative humidity in the whole atmosphere in KF-S is
greater than that in BM-S by 0—8%, and only dur-
ing 14 BT 23 to 00 BT 24 June, at 650-280 hPa, the
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relative humidity is greater than in BM-S. From the
analysis of Fig.5, we can obtain that in the rainstorm
this time, the atmospheric stratification in KF-S is
more unstable most of time than in BM-S; the up-
draft and humidity are stronger or greater than that
in BM-S, i.e., the ambient field in KF-S is more favor-
able to produce precipitation compared with BM-S.
This proves that KF and BM cumulus parameteriza-
tion schemes can cause the ambient air different, and
KF scheme can make ambient air wetter and updraft
stronger, which can induce more precipitation. This
also reveals that different cumulus convective schemes
have different and important effects on grid scale pre-

cipitation.

4. Application and analysis of winter precipit-

ation in North China

4.1 Weather situation

During 18-23 December 2002, a 6 d persistent
snowfall occurred in Beijing. This snow process lasted
for a long time, which was mainly due to the combined
action of the easterly airflow in the lower atmosphere
and warm-wet air from the sea; besides, there was no
cold air action during this period, so snowfall system
maintained stably. The amount of accumulated snow-
fall reached over 10 mm generally, and especially it
was the most in Shijingshan District of Beijing, reach-
ing 14.1 mm. The snowfall amount in 6 days went be-
yond that in a normal year, which broke the persistent
snowfall record of the corresponding period during the

period of 128 yr in Beijing, rather rarely in history.

4.2 Influence and analysis of different cumu-
lus convection scheme on subgrid cumu-

lus convective precipitation prediction

According to the same numerical experiment
scheme, the persistent snowfall during 18-23 Decem-
ber is given by model integration. In order to make
the simulation more close to the actual situation, every
initial field integrates only 48 h, and in this way the 6
d persistent snowfall process was achieved by 3 times,
i.e., the initial times were at 00 BT 18, 00 BT 20,
and 00 BT 22 December, respectively. There was no
subgrid cumulus convective precipitation (figure omit-
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ted) for 6 days in Beijing in both BM-S and KF-S. In
the two experiments, there was very weak convective
precipitation in south of 35°N and their distribution
are quite similar. Based on the analysis, we can obtain
that there is little cumulus convective precipitation oc-
curring during the winter snowfall process in northern
China, i.e., different cumulus convection scheme has
little influence on subgrid cumulus convective precipi-
tation prediction. In other words, it is consistent with
the actual situation that cumulus precipitation can be

disregarded for winter precipitation in northern China.

4.3 Influence and analysis of different cumu-
lus convection scheme to grid scale preci-

pitation prediction

Comparing the grid scale precipitation prediction
in the two experiments, we can see that the range and
intensity of the rainfall are quite similar. Figure 6 il-
lustrate the most obvious rainfall actual situation from
00 BT 22 to 00 BT 23 December and the grid scale
precipitation prediction fields in BM-W and KF-W ex-
periments. As shown in Fig.6a, there are widespread
rainfall areas from North China to the Yangtze River
Basin, the snowfall amount around Beijing is generally
about 10 mm, and the rainfall amount around Taiyuan
and Shijiazhuang exceeds 10 mm. On the whole, the
rainfall intensity is uniform, which is consistent with
the feature of stratiform cloud precipitation, i.e., per-
sistent and uniform. In Figs.6b and 6¢ of grid scale
precipitation prediction in BM-W and KF-W schemes,
the range and intensity of rainfall in mainland of China
in the two experiment are almost the same, as well as
the fine structure in the rainfall areas; the main differ-
ence existing in the ocean south of Korea Peninsula is
that the intensity of grid scale precipitation in BM-W
is weaker than in KF-W scheme. However, the range
and the position of rainfall are basically the same. The
features of the convective precipitation distribution at
this day predicted by BM-W and KF-W schemes (fig-
ure omitted) are that there is almost no convective
precipitation in the mainland north of the Yangtze
River, and it only occurs in the ocean south of Ko-
rea Peninsula; the range of rainfall is much the same,
but the intensity of convective precipitation in BM-W
is stronger than in KF-W. According to the above



NO.1

e {s
| 100 |
1 P mmso-99.9 £ %
- _—10 4.9
.
1 ~ 0.1-9.9)

no
rainfall

XU Guogiang, WAN Qilin, HUANG Liping, XUE Jishan and CHEN Dechui 37

126 129°E

30
102 105 108 111

117 120 123 126 129°E

Fig.6. Precipitation distribution from 00Z 22 to 00Z 23 December 2002. (a) Observation, (b) grid-scale

forecast of BM-W, and (c) grid-scale forecast of KF-W.

analysis, it proves that there is almost no convective
precipitation in winter in North China, thus the effect
of different cumulus convective schemes on the grid
scale precipitation can be disregarded. Meantime, we
can infer that the gird scale precipitation is primary

in the winter precipitation of North China.
5. Conclusions

Through simulation and analysis of summer and
winter precipitation cases in China, the following con-
clusions can be drawn.

(1) The simulation of summer precipitation in
middle-lower reaches of the Yangtze River Basin in-
dicates that the strong rainfall areas predicted by KF
and BM schemes are both in further north and the
intensities are weaker compared with the actual situa-
tion. The position of strong rainfall areas predicted by
KF is more close to actual situation. On the whole,

the persistent precipitation process in this case pre-

dicted by KF scheme is better than that predicted by
BM scheme.

(2) In summer, KF and BM cumulus schemes can
cause different changes of ambient air; KF scheme
makes the ambient air wetter and the updraft air-
flow stronger, which can induce more precipitation and
leads to the difference of grid scale precipitation. This
reveals that the different cumulus schemes may have
different and important effect on the grid scale precip-
itation.

(3) There is almost no convective precipitation in
winter in North China , thus the effect of cumulus pre-
cipitation on the grid scale can be disregarded. Mean-
time, the conclusion can be drawn that the gird scale
precipitation is primary in the winter precipitation of
North China.
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