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ABSTRACT 

A heavy rain process of t.he Changjiang-· lIuaihe Meiyu front (MYF) is diagnosed by the agency of 
the traditional Q vcctor partitioning (QVP) met.hod to decompo8e the wet Q vector (Q) in a natural 
coordinate system that follows the isoentrope;; and by using the lIumerical simulation results of the revised 
MM4 meso-scale model. The technique shows that the partitioned wet Q vectors can lead to a significant 
scale separation of vcrtical motion related to the torrential rain. The results not only verify the existing 
conclusion that diffcrent scales interact throughout the rainstorm but also indicate the largely different 
roles of these scales during differing phases of the heavy rainfall on a quantitative basis. Specifically, during 
the developinp; stage, the largo-scale plays 11 predominant role in forcing vertical motion, while frontal-scale 
forcing is secondary; during the intense stage, the frontal-scale evolves into the primary factor of forcing 
vertical motion, whereas the largo-scale forcing is rnilwr and plays a diminishing role and can even be 
i!\lIored; and during the decaying stap;e, th() largo-scale once again serves 3S the main forcing of verticI11 
l1lol.ion in ~uch a way that the forcing of the frontal-scale deca)'b quickly and is of secondary importance. 
Furthermore, the partitioned wet Q vectors are suggested to ue more suitable than the total wet Q vector 
for evaluating the potential physical mechanism of rainstorm genesis. The first. step is that the forcing 
of large-scale 2'i7 . Q; gives rise to th" genesis of meso-scale 2'i7 . Q~ forcing; and then, accordinp;ly as 
2'\7 . Q;, forcing increases, whereby the secondary circulation is reinforced, the inten$ity of the rainfall is 
st.rengthened; and at last, the secondary circulation caused by 2'i7 . Q;. forcing is directly responsible for 
generation of the MYF heavy rainfall. 

Key words: wetQ vector partitioning, wet Q vector, Meiyu front hE'.avy rainfall, interaction of different 
scales, diagnosis 
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1. Introduction 

The Q vector has been used widely in operational 
jobs and studied theoretically since it was depicted by 
HOBkill~ et aI . (1978). In particular, in entering the 
1990s, the fact that the concepts of semi-geostrophic 
Q vector, C vector, ageostrophic Q vector, and wet Q 
vector are pl'OpoHcd in turn shows that the theoretical 
study of t.he Q vector has been consider~bly perfect 
(Vuc, 1999). In scientific documents, the Q vector 
approach is granted as an advanced method to eval
uate vertical motion 011 an operational basis (Dunn, 
1991), and appears to provide onc of the best means 
of calculating vertical motions numerically (Durran 
and Snellman, 1987). Actually, Q vector partitioning 
(QVP) has more application value to diagnosis. Stud
ies from outside China have delineated that QVP iH 
a useful tool to investigate physical process of fronto
genesis and vertical Illation, insomuch as partitioning 

call separate processes and structure of meteorological 
interest which are difficult to display only by a "to
tal" Q vector. The traditional decompositioll of the 
Q vector in a natura.! coordinate systelIl that follows 
isentrope was reported by Hoskins et 0.1. (1978) and 
Keyser et 81. (1988). Davies- Jones (1991) obta.ined a 
Q vector partitioning that has the notable property of 
being "intrinsic" - that is, independent of any refer
ence system -- thereby examining the frontogenetical 
forCing of secondary circulations. Keyser et al. (1992) 
not only arrived at a similar conclusion but also found 
that the decomposition of the Q vector into along
and cross-isentrope components leads to an interest
ing Beale scparation of the vertical motion pattern as
sociated with a baroclinic disturbance, suggesting an 
interpretation of the characteristic comma structure 
of vertical Illotion in middle latitude baroclinic distur
bances when he diagnosed the output from an idealized 
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synoptic model. QVP is widely lI~ed in the synoptic 
literature, e.g., Kur~ (1992) allaly~ed the frontogenesis 
and cyclogenesis processes. Barnes and Colman (1993) 
diagnosed A. "torm occurring in northeast Colorado on 
Christmas in 1987 and gave a clear account of the ap
pearance of the largest secondary vorticity developing 
a main vortex in the synoptic process. In addition , 
Sehar and Wernli (1993) utilized a partitioning that is 
essentially the same a~ that of Davies~Jones. 'v1a.rtin 
(1999) also adopted a decomposition of the Q vector 
along iscl1tropcs, which is different from that employed 
by Keyser et a!. (1992), to diagnose the upward mo
tion in all occluded cyclone. Morgan (1999) applied 
QVP to diagnose surface frontogenesis and vertical 
motion. Generally, the Q vector is decomposed into a 
natural coordinate ~ystem that follows iscntropes , bUl 
Jusem and Atlas (1998) proposed a new partitioning 
that consists of splitting the Q vector into along- and 
cross-isohypse components. In particular, the Q vec
tor is partitioned in the natural coordinate system that 
follows the geostrophic wind, and an important con
elusion can be drawn by applying the Ilew QVP to a 
gl'iddiug analysis of It real weather situation. The pre
vious analyses show that studies from outside China 
on QVP are abundant concerning its application to 
diagnose different synoptic processes and reveal their 
potent.ial physical mechanisms, which are difficult to 
p.xhibit by "total" Q. In brief, the works primarily 
point to quasi-geostrophic QVP and its application. 
Till now, the partitioning of the wet Q vector and its 
applications at home and abroad have not been ex
plored in such a manner. which is the point of this 
paper. 

In previolls studics, QVP is only adopted to deal 
with a qllasi-geostrophic Q vector so that it only dis
plays the forcing mechanism of vertical motioll related 
to large-scale ami quasi-geostrophic synoptic processes 
as usual. However, it~ limited application is due to its 
partitioning. The latest re~ults portray that the quasi
geostrophic Q vcctor has far less diagnostic abi lities 
in comparison to the wet Q vector in the context of 
the study of rainstorm generation from the meso-scale 
Mciyu front (MYF) ill the Changjiang- Huaihe basins 
(Yue and Shou, 2002). Additionally, Tao (1980) sug
gested that a rainstorm is a result of the intcractions 
of different scale synoptic systems, even though it is a 

2.2 Methods 

meso-scale phenomenon, and a meso-scale system di
rectly produces heavy rainfall genesis and plays a key 
rolp. in the interaction~ of differing scales. The study by 
Yang ct al. (1987a, b) was devotcd to the mcso-o sr.alc 
rninband from MYF with its characteristics and gene
sis mechanism and gave a. dynamical analysiti. Si et al. 
(1995) addressed the relation of thc change of large
scale circulation to the change of the frontal feature~ 
and frontal rainfall environment. Although mult.i-scale 
interactions in hard rainfall process havc been exam
ined greatly and depicted and discussed in detail (Tao, 
1980; Xue and Liu , 1996). no one has dOIle ~o with the 
aid of wet Q vector partitioning (WQVP) on a quanti
tative basis in China or ahroad till now. What roles do 
the large- and meso-scales play in the MYF torrential 
rain process respectively'? This question will be inves
tigated in the following discussion. The approach of 
splitting the quasi-geostrophic Q vector is used to de
compose the wet Q vector, which , in turu, is utilized to 
diagno,<;e vertical motion in relation to the MYf rain
storm process, thereby disclosing how vert.ical motion 
is excited and forced by different scales throughout the 
heavy rainfall process. 

2. Data and methods 

2.1 Data 

Owing to rare observations (there are only 2000 
Beijing Time (13T) 5 JlIly, 0800 BT and 2000 13'1' fi 
July 1991) , making diagnosis inconvenient, and the re
vised MM4 mood employing strong ::;imulation (Dong 
et aI., 20QIa., b), we take 2000 13T 5 .luly anct 0800 BT 
6 July 1991 as original fields and integrate 12 hours re
spectively with synchronous real data to examine each 
corresponding counterpart of the simulat.ion . In conse
quence, we find that the observations and simulations 
are roughly in agreement on a high field ba.~is. which 
shows that the f'imulatiolls are so reliabh~ that they 
can he used as diagnostic data. In order to improve 
the true effect of the analysis, we still make use of the 
observations and interpose three times simulations he
tween each two obscrvations, so there are nine times 
used oata. Evidently, the diagnostic data arc remark
ably intensive, whereby it is favorable to study it in 
full with related precipitation. 

2.2.1 Wet Q vector and ageostrophic omega equation (Zhang, /998) 
The expression of the wet Q vector in the P-coordinate systcm is 

Q* = (Q;, Q* ) ={~ IJ(Ov au _ D1L ?1I) _ h av. \10 _ ~(LHw.. aqs )], 
y 2 l Dp ax op ax ax ax cp ' p ap . 

! [f(~'Jv av. _ au Ov) _ ha v . \79 _ !!.... (LRw Oq,)]} , 
2 opay Dp{)y ay ay cp·pop 

( I) 
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where, h. = (H/p)(p/JOOO)R/Cp , subscripts;c am.! y de
not.e zonal and latitudinal components respectively, 
and the other symbols are usual in meteorological 
phYilicli. Recently, Yao and Yu (2000; 2()(1l) derived 
a formula similar to Eq. (1) by another way. 

The ageostrophic omega equation whose forcing 
term is the wet Q vector divergence in the P
coordinate system is 

2 2 {)2w • ( ) 
V (ow) + J ()p2 = -2V . Q . 2 

When t.he omega field employs a wave feature, Eq. (2) 
gives: 

\7 . Q* :x "" , (3) 
and &}.(3) Clin be Ilscd to diagnose vertical motion. 
Thus, if \7 . rr < 0 (V· Q* > 0), t.hen w < 0 (w > OJ, 
namely, upward (downward) motion. 

2.2.2 The partitioning oj the wet Q vector 

The' specific partitioning is illustrated with the aid 
of Fig. I. 

Rased OIl the traditional QVP. we decompose the 
wet Q vector in a natural coordinate system that fol
lows the isenlropes (Fig. 1). where fi iR the unit vector 

. I I' . f riO I' h' . b - VO III t Ie ( Irer-tlon 0 v ,w lie IS gIven y n = Ivel' s 

is {lOa connt.erclockwise from n, i.c., s = k x n. For 
cOllvenience, the "total" wet Q vector is referred to as 
Q;"lai (which is equal to Q*), so the CQmponent of Q* 
ill the direction of ii will be denoted as 'in and is equal 
LO 

Of 

* ( Q* . VO) V6 
Qn == !WI Ivel 
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Fig. 1. Schematic descrihing the natural coor
ciilllile partitioning of the wet Q vector used in 
this study. Dashed lines are iscntropes on an iso
baric ~1Jrface . Herc Q;' (Q;) is the component of 
Q4(Q:nlal) in the n(S') direction. 

The componcnt of Q" in the direction of g will be 
denoted as Q; and is equal to 

q* = Q* . (k x Ve) ((k x ve)]. 
s 1\791 IVOI 

Obviollsly, Q* = Q~ + Q;. The component Q~ iM in 
the cross-isentrope dircction with a quasi-geostrophic 
deviation featurc, related to frontogenesis and frontol
ogy and reflccting the meso-scale information. The 
component Q: is in the along-isentrope direction 
(namely. the thermal wind direction) with a qna.<;i
gcoslrophic feature and reflecting the large-scale in
formation. Both Q~ and Q: have the !lame diagnos
tic characteristics as Q", and what is more, Q~ and 
Q; are associated with meso· and large-scale forcing 
respectively (Keyser et at, 1988; Davies-Jones, 1991; 
Keyser ct aI. , 1992; Kurz, 1992; Barnes and Colman, 
1993; Schar and Wernli , 1993; Martin, 1999; Morgan. 
1999) . As the w field has a wave feature, there is 
V . Q~(V . Q;) ex w, which can be utilized to diag
nose vertical motion. If V . Q~ < 0 (V· Q: < 0), then 
w < 0, which is ascent motion forced by meso- (large-) 
scale convergence, and vice versa. 

3. Precipitation overview 
There is a typical Changjiang-Huaihe lvlYF heavy 

rainfall event beginning at 2000 BT 5 July 1991, last
ing for 21 h. The MYF cyclone developing stage is 
at about 2000 BT 5 July 1991 when the precipitation 
just occurs. Subsequent to 200ll BT 5 July and prior 
to 0800 BT 6 July 1991 the rainfall becomes strong 
by degrees. An apparent turnabout shows up at 0800 
BT 6 July when a noticeable cyclone appears in the 
Changjiang-Huaihe basins with the rainfall growing 
greatly. After 0800 D1' and before 2000 HT 6 July the 
precipitation is the strongest with intcnsive distribu
tion on a spatial and temporal basis associated with 
the strongest cyclone having typical meso-scale char
acteristics. At about 2000 DT 6 July 1991, the cyclone 
moves eastward to the sea, relating to the end of the 
precipitation. Seeing that the real rain area extends 
from 29.25°N to 38.80oN and 109.717°E to 126.33°E, 
the range is the predominant diagnostic region while 
other belts are not considered in this paper. 

4. Specific application of WQVP 
Studies have shown that the 700 hPa convergence 

field of the wet Q vector divergence is in good rela
tion to the fallout band and intensity of the ra.instorms 
from MYF (Yue and Shou, 2002). As a consequence, 
the problem can be solved by the analysis of the 700 
hPa wet Q vector divergence pattern. The specific 
diagnosis will be given in the following text. 

4.1 From 1WOO BT 5 July to 0800 BT 6 July 

Hased on the distribution of the 700 hPa Q vector 
divergence fields at 2000 BT, 2300 BT 5 July and 0200 
13'1',0500 BT 6 July (figures omitted), we can see that 
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the distribution characteristics of the convergence re
gion with its center of Q; vector divergence correspond 
well to the counterparts of Q;otal in comparison to Q~. 
Moreover, some convergence cores of Q;otal vector di
vergence can rarely he reflected by the counterparts of 
Q;' ill the corresponding location. This suggests that 
2\7· Q; (2\7· Q:J makes up the chief (secondary) com
ponent of 2'\7 . Q;otal, namely the large- (frontal-) scale 
plays a primary (minor) role in forcing vertical motion 
during this stage, particularly at 2300 BT 5 .July (Fig. 
2). 

In Fig. 2a. two Q;ota1 vector divergence con
vergcnce centers which are located at (111.3Q E. 
32.8°N) and (112°E, 33°N) with intem;ities of -3.62x 
10- 15 hPa- 1 s - 3 and - 4.75 x 10-15 hPa- 1 8-3, re
spectively, are reflected well by the corresponding 
counterparts of the Q; in Fig. 2c with intensities of 
-2.71 x 10- 15 hPa-18-~ and -3.31 x 10- 15 hPa- ls-:l 
in such a manner that are reflected poorly by the 
associated counterparts of the Q~ in Fig. 2b with 
an intensity of -2.31 x 10-15 hPa-1 ~-a Notably, 
the Q;ota1 vector divergence convergence core, which 
ih located at (113.1°E. 30.8°N) with an intensity of 
-4.3R x 10 · \5 hPa -I s-;\ in Fig. 211. is reflected very 
clearly by the counterpart of q; in Fig. 2c with an in
tensity of -3.14 x 10- 15 hPa -1 s-~ while it is reilected 
by the weak counterpart of Q~ in Fig. 2b only with 
. -1. 75.x 10-1., ~Pa -I 5-3. In a~diti()~l t~~ c~nvergence 
mtensltyof Q. (-5.26 x 10- b hPa f\ 3) IS stronger 
than its counterpart of Q~ (-4.84 X lO- 15 hPa · 1 5- 3) 

within the context of tho reilecting countcrpart of 
Q~otal whose center i:; located at (111.1°1£, 29.8°N). 
All of these indicate that Fig. 2c is better than Fig. 2b 
to reflect Fig. 211., and 2\7 . Q: is the main component 
of 2\7· Q~ota1 in such a fashion that 2\7 . Q;. constitutes 
little proportion . 

The synchronous high pattern (figures owitted) 
shows that the Changjiang ·IIuaihe MYF cyelone de
velops gradually from 2000 I3T 5 .July to 0800 I3T 6 
July 1991, ad interim, hourly precipitation (figures 
not shown) becomes strong little by little only with 
a small range of increase during this stage. Ry means 
of WQVP and comparison of 700 hPa wet Q vcctor 
divergence distribution, we can see that on this stage, 
the large- (meso-) scale plays the chief (secondary) role 
in fordn~ vertical motion , which, with the aid o( the 
wet Q vector partition, reveals that different scales 
play different roles in the developing stage of MYF 
cyclones whereas it is difficult for the "total" wet Q 
vector to show this. 

4.2 0800 BT 6 JUly 

I3y cumparing the 700 hPa Q;otal vector divergence 
convergence field with the counterparts of Q~ and Q; 
at OROOHT 6 July 1991 respectively (figures omitted), 
we find that in the vicinity of 32.5°N there is a west
cast convergence belt of Q;otl\l vector divergence with 
three cores at (32.5°N, 114.5"E), (32.5~N, 116.5C E), 

and (32.5°N, 119°E), which are reflected well by the 
counterpart of Q~ but only partly by the counterpart 
of Q;. Additionally, the distribution features of the 
convergence of the Q" vector divergence near 30° N is 
similar to the related counterpart of Q;otal' All of this 
8how~ that the meso- (Iarge-) scale explains the main 
(miuor) component of 2'\7· Q;otal and plays a primary 
(secondary) forcing role in this stage. 

In the meanwhile, a mature cyclone turn,; up in the 
Changjiang-Huaihe basins and precipitation increases 
greatly with its intensity stronger than before (figures 
omitted). In such a ca,~e, by virtue of WQVP and 
the 700 hPa wet Q vector divergence field compari
son, we conclllde that the forcing of the large- and 
frontal-~cales heing respon8ible for vertical motion has 
radically changed in this stage in comparison to the 
previolls stage, namely, the frontal-scale forcing in the 
context of vertical motioll associated with MYF heavy 
rain is predominant and t.he counterpart of the huge
scalc is secondary. The gTcat change can be revealed 
clearly by WQVP whereas it is difficult to find the 
mechanism of its inner variation in terms of the "to
tal" wet Q vector. 

4.3 Between 0800 BT and 2000 BT 6 July 

The features of divergence and convergence of t.hc 
Q vector divergence OIl the east of 114QE are very 
similar on the basis of comparing Fig. 3a to fig . 
3b. Specifically, the Q;otal vector divcrgrnce conver
gence band, which is composed of t.he two collver
gence cores located at (1l6°E. 33"N) and (117.5°E, 
.'32.5°"1) with intensities of -.1.02 x 10- 15 iJPa -) Ii - .J 

and -2.98 x 10- 15 hra - 1 S-3 n~spectively (Fig. :la), 
can be reflected well by the cOllnterpart of Q;' whosf' 
center is located at (116.5°C, ;{'2.8°N) with an intpn
sity of - 4.66 x 10 15 hPa- 1 s-:l (Fig.3b). ApPilr
enLly. the intcnsity of the latter is sLrollger (lS com
pared to that of the former, and to ~()U1C extcnt the 
feat.nres of the distribution of the Q; vcctor divergellce 
(Fig. 3c) a.re poorly rdated to the counterpart of Q;otal 
(Fig. 3a), and even contrary. Hcsides, the Q;otal vec
tor divergence convergence band , which is lIladc up of 
the ceuters 10cllt.cd at (1l4.2°E, 3J.7°N) aIld (116.1 °E-
3l.i:i°N) with intensities of -3.53 x 10- 15 hPa- 1 s 3 

and -4.1R x 10 - 15 hPa - 1 :.;-:1 respectively, can be 
reHected by the counterpart or Q;, which consists 
of eore~ located at (1l3.E\oE, 32.5°N) and (115.9cE. 
32.5" N) with intensities of - 4.5 x 10- 15 hPIl - I S3 and 
-,1.17 x 10- 15 hPa.- 1 8-:1, while it call ha.rrlly be re
flected by the counlerpart of Q;. All of this shows 
that 2\7 Q;otal includes a larger compommt. of 2V Q;, 
than of 2V Q:, namely the forcing of the frontal-scale 
is much larger as opposed to the large-scale, and the 
latter plfl.Ys a background role ill snch a fashion that 
the former plays the major role in forcing vertical mo
tiol1. In addition, analyses of t.he 700 hPa wet Q 
vector divergence distribution at 1400 BT and 1700 
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113E 1141: 115E 110E 117E lleE 

Fig. 3. As in Fig. 2 hut lor 1100 BT G July 1991. 

BT G July 1991 (figures omitted) can both draw a sim
ilar conclusion. 

A synchronous high field (figures not shown) re
veals that the period from 0800 BT to 201M) BT 6 
July 1991 is a strong stage of a MYF cyclone, ad in
terim , precipitation intensity (figures omit.ted) greatly 
increases ill the fallout region of concern. By the use 
of the WQVP analysis , we find clearly that 2\7 . Q~ 
explains the prinCipal component of the "total" wet Q 
vector divergence field dlle to the fact that 2'\7 · Q~ and 
2\7 . Q;otal have Ii good correspondence within the con
text of convergence center location and convergence 
pattern distribution whereas there is great difference 
bet weell 2\7 . Q; and 2\7 . Q;otal' Furthermore, we 
also kllow t.hat in the middle of the MYF strong stage 
2\7 · Q~ can ahnost take t.he place of 2\7 · Q;otal in such 
a way that 2\7 . Q: can almost be ignored. From the 

foregoing, we see that dllTing the strOllg ~tag!' of MYF, 
the frontal-scale is leading, whereby vertical motioll is 
forced dominantly, and the large-scale is secondary and 
only plays a background role. 

4.4 2000 BT 6 July 

The convergence intensity of Q;, vector divergence 
is stronger compared to that of Q: over the rain area at 
2000 BT 6 July 1991 (figum; omitted), which indicates 
that 2\7· Q: increases wh ile 2\7· Q~ decreases gradually 
on the ba..~is of the proportion in 2\7· Q:ota" in contrast 
to the previous stage. In other words, large-scale forc
ing becomes strong and frontal-scale forciug becomes 
weak by degrees 011 the basis of vertical motion. 

The analysis of the synchronous synoptic chart (fig
ure not shown) shows that a tUl'lling point in the life 
of the cyclone occurs at 2000 BT 6 July 1991 when it. 
ha..<; moved eastward to the sea and weakened . Based 
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on the inter-comparison of the partitioned wet Q vec
tor divergences, we find t.hat in the context of verti
cal motion, both large- and frontal-ocale forcing havr 
smart ~hangefi, which are basically the same as their 
respectiw counterparts during the developing stage of 
the l\-1YF cyclour, which, in turn, portrays that the 
largc- (frontal-) scale iH getting strong (weak) with the 
decline of t,he cyclone. 

5. Analysis and discussion 

Through the usc of WQVP ltnd anflJysis of a typical 
Changjiang-Huaihe MY!' rainstorm process beginning 
at 2000 DT 5 July 1991, lasting for 24 h, we nol only 
verify the known result that MYF heavy rainfall is at
tributed to thc multi-scale interactions but obtain new 
int.erest ing findings as well. Through the developing, 
rnaturiug, and declining stages of the MYF cyclone, 
ba.oed OJ! the quantification uf WQVP, we Hot only 
show that the fronLal- and syuoptic-scales play differ
('nt role:;; in differing phases of the heavy rainfall, but 
WP. also find clearly that the forcing of' the frontal-scale 
within the (;(lutex!. of vertka.l motion goes from weak 
to strung and then to weak, and vice versa for the 
large-scale forcing. Furthermore, WQVP helps us un
derstand further the genesis mechanism of the MYF 
rain~tonll. To be specific, at the begiuning stage of 
the TvIYF heavy raiIlfall, the forcing of 2\7 . Q; em
ploying a large-scale feature OIl the ba.~i8 of vertical 
motion is vcry important, which can excite large range 
weak a.,cent. motion which causes lower waler vapor 
to rioe. llmi ll..' a eOllst>qllCnCc, produces the release of 
vnpor ('ollllensalioll latent heat, which, in tum, can 
make the vertical motion stronger. This O"ClJrS under 
an interactive' feedback situation, which leads to sub
synoptic scale secondary circnlation genesis. In the 
strong ,.;t.age of \1YF heavy rainfall, the meso-scale hc
cornet; the primary fllctor forcing the vertical IIlotion, 
and thl' meridional ~econdary circulation excited by 
2\7 . Q;, with frontal-scale characteristic reaches a vjg
orOllS st.age, which makes the iulen"itv of rainfall reach 
its maxinlllm, blIt the large-scale pl~ys a background 
role at !llO;;t. Thprefore, we suggest that primarily it 
is the forCing of large-scale 2\7 . Q: that allows the 
generation of lIleso-~ca.le 2\7 . Q~ forcing. Theu, a~ 
the 2\7 . Q;' forcing gets strong, whereby the gener
nted secondary circulation reinforces, the intensity of 
the rainfall increases and, at last, the secondary circu
lat.ion cam;ed by 2\7 . Q;, forcing engenders the genesis 
of MYF hard rainfall. 

6. Summary and concluding remarks 

The present study investigates the roles played by 
large- and meso-scale forcings in a .'I1YF torrential 
rain process by ((sing the wet Q vedor pa.rtitioning 
(WQVP) method. The main conclusiolltl are: 

(1) WQVP does Ii very meaningful job which can 
disclose the potcntial m!'"hanisIIItl and physical 
process"s of MYF heavy rainfall genesis which 
i~ difficult for the "total" wet Q vector to dis
play. 

(2) Splitting the wet Q vector into along- and cross
iscntrope components is the cause of a interest
ing scale separation of vertical motion a.~soci
ated with MYF hard rainfall. 

(3) Through the agency of WQVP and comparison 
of the 700 hPa wet Q vector divergence distri
bution, we can see clearly that the rainstorm 
from M YF i~ generated by the iIlteractioIl~ of 
different scales, and these differcnt. scales play 
different role~ in the different ~tages of the MYF 
rvillstorm. More speciHcally, during the devel
oping' stage, the large-scale plays the predom
inant role in forcing vertical motion genesis ill 
such a way t.hat the forcing of t.he frontal-scale is 
secondary; during the strong Htage, the frontal
SCCl.\c evolves into the primary factor of forcing 
vertical motion whereas the forCing of the large 
~.fl.\e is minor and plays a decreasing role, whkh 
can even be ignored during the center of t.he 
stage; and during the decline stage, the large
scale once again serves as the main strength of 
forcing vertical motion whih~ t.lre forcing of till' 
frontal-scale decays quickly and is of secondary 
importance. 

Acknowledgment8. Thi8 work was snpported by the 
National Natural Science Founda.tion of China \lB'\'" Gntllt 
Nos. 40075009 a.nd 110205008, and by Project 37020 of the 
Social Public Special Research Grant of the Mini~try of 
Scicncc and Tec.hnology of China. 

REFERENCES 
Barnes, S. L., and B. It Colman, 1993: Quasigeostrophic 

diagnosis of cyclogenesis associated wi! II II cut off 
extratropical cyclone The Christmas 1987 storlll~ 
Mon. Wea. Rev., 121(6), lDI3 1634. 

Davies-Jones, R, 1991: The frontogenetical forcing of sec
ondary circulations. Part I: The duality dnd general
ization of tho Q vector. J. Atmos. Sci., 48(4), 497 
509. 

Dong M. Y., Yu W. P., a.nd ShOll S. W., 200 I a.: The im
provoment. and examination of MM4 model cumulus 
parametcrization scheme. Part I: The improvement of 
MM,l model cumulus parameterization scheme. Jour
nal of Nat/jing Institute of Meteorology, 24(1),66-73. 
(in Chinese) 

Dong M. Y., Yu W. P., and Shou S. W., 2001b: The im
provement and examination of MM4 model cumulus 
parameterizat.ion Hcheme. Part II: The examination of 
revised model. Journal of Nanjing Institute of Mete ~ 
orQtogy, 24(2), 228-235. (in Chinese) 

Dunn, L. B. , 1991: Evaluation of vertical motion: Past, 
pre~ent, and future. W~ather Forecasting, 6(1), 65-
75. 



11 ADVANCE!'; IN ATMOSPHERIC SCIENCES VOL. 20 

Durran, D. R., and L. W. Snellman, 1987: Tbe diagno
sis of synoptic scale vertical motion in an operational 
environment. Weather Forer:a,qting, 2(1) , 17-31. 

Hookins, 13. J., I. Dagbici, and H. C. Daries, 1978: A new 
look at the ILl-equation. Quart. j. Roy. Meteor. Soc., 
104( I), 31 - 38. 

Jusern, J. C., and R. Atlas, 1998: Diagnostic evaluation of 
vertic-'ll TiJotion forcing mechanisms by usinf!; Qvector 
partitioning. Mon. Wea. Rev., 126(8), 2166-2184. 

Keyser, D., M. ,J. Reeder, and R. .1. Reed, 1988: A gener
alization ofPetterssen's fmntogenesis function a.nd its 
relation to tlte forcing of vertical motion, Mon. Wen. 
&v., 116(3- 4), 762· 780. 

Keyser, D., B. D . Schmidt, and D. G. Duffy, 1992: Quasi. 
geostrophic vertical motions diagnosed from along
and cross-iscntrope components of the Q vector. Mon. 
Wen. Rev., 20(5), 731 741. 

KIlrz, lvI., 1992: Synopt.ic diagnosis of frontogenetic and 
cyc10genctic processes. Meleor. Atmos. Phys., 48(1), 
77-91. 

Martin, J. E., 1999: Quasi-geostrophic forcing of ascent 
in the occluded sector of cyclones and the trowal 
airstream. Mon. Wea. Rev., 127(1), 70- 88. 

Morgan, M. C., 1999: Using piecewise potential vorticity 
inversion to diagnose frontogenesis. Part I: A parti
tioning of the Q vector applied to diagnosing surface 
frontogenesi~ and vertical motion. Mon. Woo. Rev., 
127(12),2796- 2821. 

Schar. c., and H. Wernli, 1993: Structllre and evolution of 
an isolated semi-geostrophic cyclonc. Quart. J. Roy. 
Meteor. Soc., 119(509), 57-90. 

Si, G.-W., K. Kuranoshin, and T. Takeda, ]995: The early 
Slimmer seasonal change of large-Bcale circulation over 
East. Asia and its relation to change of the frontal 

featur('s and frontal rainfall environment during 1991 
summer. Advances if! Atmospheric Sciences, 12(2), 
151 176. 

Tao S. Y. , 1980: Chinese Rainstorm. Science PreHH, Bei
jing, 25-32. (in Chinese) 

Xue Q. F., and Liu J. L., 1996: The interaction between 
synoptic scale and sub-synoptic scale in a rainfall pro
cess. The Study on Meso-scale Weather and Dynam
ir$, Ding Y. H., Ed., China Meteorological Press, 35 
41. {in Chinese} 

Yang G. X., Lu H. C .. and He Q. Q., 19871'.: A meso
n scale study of MeiYI! front heavy rain - Part I: 
Observational ~tlldies. Advancc.l in Atmospheric Sci
ences, 4(3), 264-277. 

Yang G. X. , Lu H. C., and He Q. Q., 1987b: II Illeso ~cale 
study of Meiyu front heavy raill Part II: The dy
namical ana/ysL~ of rain-band disturbance. Advances 
in Atrno8phe.ric Science.9, 4(1), 485-495. 

Yao X. P. , and y" Y. 8., 2000: :'-Ion-g-eostrophic wet Q
vector analysis and it~ application to typhoon torren· 
tial rain. Ada Meteorologim Si1lica, 58(4), 4:36 446. 
(in Chinese) 

Yao X. P., [Lnd y" Y. 8., 2001 : Perfect Q-vector and its di
ag-n08es. Plateau Mdeorology, 20(2), 208 213 (in Chi
nese) . 

Yue C. J., 1999: The advances on Q vector and its appli
cation to synoptie diagnosis. Meleor. Mon .. 25(11), 
:~-8. (ill Chinese) 

Vue C. J., and Shou S. W., 2002: Several Q-vectors' com
parison . .!oumal of Nanjing I1Istitute of Me.te.orology. 
25(4), 525-532. (in Chine;e) 

Zhang X. W .. 1998: An expression of the wet. Q \'eClor and 
application. Meteor. MOTl. , 24(8),3-7. (in Chine~e) 

)tim f~Q :kI1tMiilf1f~f:f:ill. f:f:i 
ffi*"* ~H.j){: #Jff ,W~*~ 

;fUfJ !-Hk (tJQ .9i;£:5tM jji2;:mmQ '~d,!:( Q' )JHUttdW (,i.i'M ~(t1 R t~~.f,y.k 1', 1m 0' l&i1t fj(jMM4m 

j((MMM4)Wi~J'titf, xt-rtiT*~ffi'i.l~mUW. llt{il'~Wi 7Hfi, f.!i lM:,ttIlJl, 1tMi1tQ * :p..jiT14~i'IH'f~ H~ff.J* 
§:)Z;~iJjiJuHJt-1f;@: X fn~ffl'7flili, )! ~DI.!tiiJl: T¥iHli~IHro i:1:W'P.f+l'Cfflll ~llUln[!t1ll (fJ ~ j;n~;'; i~, 1ft!.Y. 
M~~OOm~.~w~~~~~.m5~.~~~~M~~Wm+~ , ~~.fn~.~~0, tr.~».~fnff 

~~~ffim, kN~~.A~~~~F~~e~~~.m~m, .~R~~.iliWm.+~¥~I~ ; rrN~W~ 

~~.~mm, .~R~~~M~~a.~~~OO~ •• lli~~, ~kR~OO.iliWm~~+~.~0, ~M~ 
;bl*~~~(fJ ~ffl, ~:Ji Nlj 111 rtilT tl.$11$ T-if: tEtl!ir.JUt'UHruOO.arMl"l'lt, ;:I;:R.'t )(~i\lirn 1t: 7ii.rIl:lttiff g llii,}J 

fiJi¥JHHilliz;i]i), rIIi.l:{R~ ~5!iiili Jtffl !'lIJilii!~iIiI1, JU~ Hk/: T-~~jlB(tL , )It:)l~, 4~lil iA;'i;] )tM'~Q * ~ It 
".~." lrJifJtQ *.s:~ff;jiIJ-HjJ'·r. ,*.wf.f:jt'¥.I'fJ OOif!'tEWJ!l!.t!l.~Jih~fft;: ~£i':E.*R~2'V. Q:itg~!ii.iJ1{t)jj T~~rp 

}O't2'V. Q;',}IlJilJtfflOOf-:1., Miff2'V. Q~i!ii.iJ1ItJ#i¥J.tfHiL JtHlf~!ilJ!!fl:jjj/",*(),~Ij,:mWilrtl\'f~!ii, li$Jj(Ji'.Jii&I'll£ 
liiJa-H'lfiifiSj;:, llfi-tlJ2'V· Q~ .J.i!fHtlFJTf'1::i¥Jlx~Wilif.M* ~ft.m14:j.JiHf.f iJ'.J~'t , 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




