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ABSTRACT

Twe numerwal simulations of forced local Hadley circuliation are carried owt based an a livear
dingnostic eguation lo provide an insight into the mechapisms of mensoan evolution in different monsoon
regions, One simulation is for Lthe zonal mean Hadley circulation over Eust Asin {from 95°E 10 122.5°E] an-
ather aver Indu (from 70°E ta 85°E),

With the NCEP / NCAR re—analysis dala re—processed by Chinese Academy of Science m Beijing, the
former simuliaiion displays a dominant anti—Hadley circulation pattern over East Aswmat [200 UTC May L
1994, The simulated circulation patlern is consistent well enough with the circululion pattern ploited directly
from the data for lack of the radiation information at euch lkevel, Although the simulation over India is rot
as good us that over Eusl Asiu, a dominant Hadley circulation pattern is obvious as data show. Further ana-
lysis shows thal 1he defective simulation over India is due 1o the presence of stalically unstable condition a
same grid points in the lower troposphere. This circumstance slightly violates the hydrodynamic stability cri-
ignon required by 1he eliptic diagnostic equation for the foreed cireulation.

Since the simulkitions are reliable enough compared with the given data, the Jinear equation faciltates &
syslemattc assessment af relative impordance of each internally forcing process, The assessment shows that
ameng the internal progesses, 1he horizontal temperature advections accounl obviously for the Hadley
{anti-Hadley} circulation over India {East Asia) at 1200 UTC May L. 1994 in addition to the process assoc-
ated veth the latent heat releasing. The calculation of latent heat energy is a litlle but unreliable due to the
unclear cloud physics in the convertion processes and the less accurate humidity data. These preliminary re-
sulls are consistent with the results of previous studies which show that the feature of the seasonal warming -
in the upper troposphere and the carresponding processes are part of key processes closely relaled 10 the
evolution of the summer monsoon over East Asia and India,
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1. Introduction

It is well known that one of the distinguishable differences between the summer monsoon
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and the winler monsoon is the reversal of lower—layer winds with southwesterly during the
Northern summer and northeasterly during the Northern winter, Previous studies {e.g. Chen
et al. 19911 show (hat on the one hand, this seasonal alternation of the lower—layer winds is
associated with thermal conirast between continents and their adjacent oceans due to
differential heating including radiation. condensation and sensible heat flux from the earth’ s
surface. and also with the large—scale atmospheric heat and moisture transport processes: on
the other hand, the inter—annual variation of monsoon is closely related to the global weather
variations (Schneider, 1996). These results indicate that monsoon systems as a part of the
global circulation interact with many dynamic and thermodynamic systems in the
atmosphere, A study of monsoons from circuiation point of view enables an overall coverage
of these physical processes and provides an insight into the mechunisms of monsoon evolu-
tion in different monsoon regions,

The new approach introduced here is designed just tor this purpose, The numerical
simulations in this study will focus on the Hadley circulations over the monsoon regions for
two reasons. 1) The aliernation of the summer monsoon and the winter monscon is character-
ized by the shift between the southerly component and northerly component of winds, 2).
There exists a strong signal of seasonal ulternation of Hadley cireulation in the meridional
planes in the Bast Asian and Indian monsoon regions (Chen et al., 1991).

In the next section, the major perspectives are reviewed in order to understand the back-
bone of the diagnastic equation for the local Hadley circulation. Section 3 recalls the main as-
sumption and the final form of the diagnostic equation. Section 4 discusses the data structure
used in the numerical simulations, Section 5 briefly reviews the numerical schemes. boundiry
conditions and the calculation of latent heat energy, Section 6 presents the primary results of
numerical simulation and the final section is the sunumary,

2. The introduction of a stream function for the local meridienal circulation

The key 1o oblain a salvable diagnostic equation for Hadley eirculation is the introduc-
tion of a stream function, In the derivation of the diagnostic equalion for the
global-zonal-mean meridional circulation (Garllimore and Johnson, 1981. Wu and Cai,
1994), a stream {unction is introduced from the global—zonal—-mean
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in isobaric—spherical coordinates without any special efforts. This facility, however, is no
lenger feasible for the derivation of a diagnostic equation for the local Hadley circulation,
since in the original continuity equation in isobaric—spherical coordinales
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the first term cannot be averaged out. In order to introduce a stream function of the local
Hadley circulation, a closer look at some characteristics of the Hadley circulation is taken
based on the following theorems,
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1} Stokes™ theorem which states that the circulation around the boundary of any area is
equal to the total strength {the integration) of the curl of the velocity {vortex) over that area
{Phillips, 1950).

2) The curl of velogity is non—divergent (Phillips. 1950).

3) In a given region, if a vector is non—divergent and continuously differentiable, then it
can be represented as a curl of velocity (Phillips, 1950},

4) If a vector function is piecewise differentiable everywhere and vanishes at infinity or
outside a [nite region, then it can be expressed as the sutn of an ir—rotational vector and a
non—divergent vector (Phillips, 1950; Weatherburn, 1966),

With these theorems in mind, now let us turn back to Hadley circulation. Since the local
Hadley circulation is defined as the circulation in a meridional plane, it is associated with the
y—component of vorlicilty according lo the Stokes' theorem, Furthermore. the second and
third theorems indicate that the local Hadley circulation represented by a stream function ¢ is
only associated with the non—divergent part of velocity in the meridional plane. In
isobaric—spherical coordinates, that is
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It 15 easy to prove that formally the solutions of {4} are
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However, {4} is only a part of the original continuity Equation (3), To handle the rest of (3),
the above theorem (Phillips, 1950; Weatherburn, 1966} is applied. Normally, a velocity field
in the meridional plane is considered piecewise differentiable and vanishes at infinity, so this
velocily can be represented as the sum of an ir—rotational vector and a non—divergent vector
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With (4) and (6), the original continuity Equation (3) can be rewritten as
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Up to now, (3} is partitioned into (4) and (7). The quantities v, and e, in (4) respectively
represent the meridional branch and vertical branch of the Jocal Hadle» mrculataon Since ¥,
and «, are eliminated from the candidates of horizontal and vertical branches of the local
Hadley circulation respectively, those terms associated with v, . w, and v in (7) must be treal-
ed as forcing terms and predetermined in the coming dlagnosuc Equauon {15) for the stream
function ¥ of the local Hadley circulation (Yuan and Wang, 1998), So far, there are two pos-
sible ways to determine v, and «, . One resulis from the partitions of » and v into geostrophic
and ageostrophic components

S b, v=v b, {8)

The assumption of constant Coriolis parameter gives
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The substitution of (8) and (9) inte (3} yields
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Equation (10) indicates that any vertical circulation ieither the Hadley circulation or the
Walker circulation) is mainly associated with the ageostrophic wind, In other words. v,, the
geostrophic component of horizontal wind does not belong to the horizontal branch of the lo-
cal Hadley circulation, Since v, is also non—indicator of the horizontal branch of the local
Hadley circulation, there must exist a relationship between v, and v,. One choice could be

LT, an

To determine the degree of this approximation, reexamine the continuity Equalion {7} in
terms of (1. v, «w, ) and (10} in terms of (. v . @) with /= constant. If v, = v, is a good
approximation then the substitution of v, = v, and its by—product v, * v, mto (Trand (10)

should lead to an identical form of continuity equation. That is exactly the case since on the

one hand, with the application of v, = v, and {9), the continuity Equation (7} becomes
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|y D%y (12)
uCosy 4 ip

On the other hand, with v, = v and the upplication of {6} and (4}, the continuity Equation
(10) becomes
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As what we expect, il ends up being the same as (12), Because the only assumption required in
above analysis is /= constant, it is lhe only approximation involved in v, = v, With {12}, e,
can be obtained as '
~r ) {‘!”d B,
o, | =~ ‘ s - S . (13)
B1or
with the effect of Coriolis parameter as a function of latitude, Equations (11) and (13) present
one of the possible ways to predetermine the forcing factors v, and w,

There is another way lo determine v, and e,. It slarts w1lh the caleulation of
“observed” x—component of vorticity (7 ),, Wwilh the use of “observed” meridional and verti-
cal motions (v, . w,, I. Then the Poisson equation Vi, = {{, ), can be solved to yield the

“observed” stream—function i, associated wirh the local Hadle} circulation (this ¥, field
also serves as the standard solution to test the accuracy of the simulated stream—function ¢
field}, With the use of (5) and this ¥, field, (v, ., },, can be computed. which are the cor-
responding * observed” horizontal and vertical branches of the local Hadley circulation,
Fiaally, the forcing factors v, and o, are predetermined through », = v, — (v, Yoo
0, = 0~ (2 gy

The second approach is accurale theoretically, Numerically, however. the value of v,
calculated in this way may be contaminated by the truncation errors, roundoff ervors and
discretization errors to a higher extent (than the value of v, ® oy, ) since a complex Poisson
equarion in the jsobaric-spherical coordinates must be solved numerlcallv i order to get v,
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Besides, the vertical branch of the " observed” meridional circulation w,,, would be calculated
with many assumptions.

At this initial stage of coming series of numerical simulations, v, = v, isadopted and v,
is treated as the “observed” v, . In a future numerical experiment, v, anci corresponding " ob
served” v, (ori,, ) will be calculated based on the Poisson equanon It will be an intriguing
lopic 1o figure out how large the differences will be between these two fields of v, and be-
tween the corresponding simulations and how large the impact will be on the ElelelIOl'l of the
model’ s ability to simulate the evolution of the local Hadley circulation when the “observed”

fields are different,

3. The main assumption and final form of the diagnostic equation for the local Hadley
circulation

Like previous studies (Garllimore and Johnson, 1988; Wu and Cai, 1994), a linear
diagnostic equation for the meridional circulation is obtained through the use of gradient bal-
ance assumpltion

ulf+ u‘a;°-° = - L@ {14)

A manipulation with this gradient balance equation as well as other primitive dynamic and
thermodynamic equations in the isobaric—spherical coordinates leads to the diagnostic
equation for the forced meridional circulation in terms of (r. ). Then the elimination of
(v, ., ) from (v, ») transforms this diagnostic equation into an eguation for the local Hadley
circuiation but with two unknowns v, and ;. To turn this non—closure equation into u
solvable one, these two unknowns are replaced by one unknown ¢ with the use of {5), which
results in the final form of the diagnostic equation for the stream function ¢ of the forced lo-
cal Hadley circulation (see Yuan and Wang, 1998 for the detail derivation).
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the coefficient A is associated with the static stability, B the degree of baroclinity and C the
inertial stability. The classification criterion of partial differential equation 4C— B> 0
guaranizes Equation (15) to be an elliptic equation. In other words, a local circulation must
be forced as long as a barotropic atmosphere is static and inertial stable or the atmosphere is
hydrodynamic stable. The present numerical scheme is designed for such an elliptic equation,
In (15), the given forcing terms are
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Similarly, a diagnostic equation for a local-zonal-mean
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{with /2, =95"E and 4, =122.5°E over East Asia, 4, =70°E and 4, =

Hadley circulation over a monsoon region can also be derived as
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where F, represents forcing terms.
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(20)

The forcing terms in (20} include pressure gradient force (term 1), frictional force (term
2). inertial force (terms 3 and 5} and their eddy modes {terms 6 and 8), " Coriclis” force (term
4} and its eddy mode {term 7), and the forcing associated with diabatic processes (radiation,
sensible and latent heating, term 9), horizontal temperature advections (terms 10 and 11} and
their eddy modes (terms 13 and 14), adiabatic process (term 12 which is the combined effect of
stalic stabiiity and vertical motion) and its eddy mode (term 15}, Since (15} and (19) are linsar
equations. they can be used to study the separate contribution of each forcing term to the evo-

lution of a local Hadley circulation,

4. Data processing

In this numerical simulation, the original data are the 2.5°% 2.5° NCEP/ NCAR
reanalyzed data which again have been processed by the Institute of Atmospheric Physics,
Chinese Academy of Science in Beijing. To run the simulation model of the local Hadley cir-
culation, a simple linear scheme is used to interpolate the 15—data—level wind, potential
height and temperature, 13—data—level o, and 8—data—level humidity to the 19 levels (from
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1000 hPa to 30 hPa) in the local Hadley circulation model (Wang and Yuan, 2000). The
Lorentz's convention {Lorentz, 1955) is extended to determine the values of a property at the
model levels under and near the earth’ s surface (ie. they are equal to the corresponding val-
ues at the earth’ s surface). Since the radiation information is not available within the
troposphere, the radiation processes are excluded in the present numerical simulations,

5. Numerical schemes, boundary conditions and the calculation of latent heating rate

To solve the elliptic equation {15} ar (19) numerically, the second order centered difter-
encing scheme is applied to both horizontal and vertical derivatives, Then the difference
elliptic equation is solved through the use of successive—over—relaxation (SOR) iteration
method (Strikwerda, 1989; Wang and Y uan, 2000),

The northern boundary tat 52.5°N} and southern boundary {at 3"N} of considered do-
mains are treated as opened boundaries in order to include boundary effects such as
cross—equatarial flow, With v, = v, and Equation 5, the values of stream function ¢ of
meridional circulation at the northern boundary and the southern boundary are calculated
based on the local—zonal mean of the ageostrophic component of meridional wind. At the top
boundary (50 hPa). the vertical motion is assumed 1o be zero. Therefore, i 15 constant (e.p,
zero} at 50 hPa due ta (3), On the earth’ s surface. the assumption

1 = 3 (-
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is taken into account, which implies that 7y # C is not equal to zero according to (5). ie. the
stream line will follow the earth’s surface, Since radiation data ate nol available at each model
level, the diabatic process associated with radiation is excluded in this simulation. As for the
latent heating rate, the calculated is based on the specific humidity equation

0, = — Ly L1 Ty ey {22)
of dCOSP (A [2 g 2] oy

without considering the cloud physics in the convection processes.
6. Results of numerical simulations and discussion

Two major steps are taken in this numerical study dealing with the diagnostic Equation
(19). Step one is testing capability of the numerical model to simulate the forced local Hadley
circulation. A schedule for this purpose is given here for clarification. 1) With alt 15 forcing
terms (or 17 internal forcing processes since 2 in term 9 of Equation (19) includes latent heat
releasing, sensible and latent heat flux processes) and opened boundary conditions. a simu-
lated stream function ¥ for a local zonal mean Hadley circulation is produced through run-
ning the model built on (19). 23 With this stream function ¢, the simulated horizontal branch
of the local Hadley circulation v, is calculated based on the relation given by Equation (5), 3)
This simulated v, is then compared with the * observed” horizontal branch of the local
Hadley circulation (v, ),p = v, .

Step two is exploring the main mechanisms responsible for forcing the local Hadley circu-
lation with the benefit of the linearity of the diagnostic Equation (19). For this purpose, 17
simulations will be carried out for those 17 internal forcing processes respectively with closed
lateral boundary conditions, All the simulations are performed with the same data set of 1200
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UTC May 1. 1994 when the weather patterns were notably different over East Asia and India
(Fig. 1}, According to Fig, 1a, at 850 hPa over East Asia, there existed a low and warm syslem
around 24°N, This pattern favored a warm temperature advection in this region. On the con-
trary. over India, 850~hPa cold temperature advection influenced most of the northern [ndia
due to a cold trough (o the north of India. The differences between the weather patlerns over
East Asia and India also existed at 500 hPa (Fig. 1b). Another reason for selecting the data set
of 1200 UTC May 1, 1994 is that in the meridional plane, the local-zonal-mean meridional
wind component {the sum of ageostrophic and geostrophic meodes) atready consisted of
southerly component (positive value) in the lower layers over East Asia (Fig, 2a) while north-
erly compenent (negative value) still dominated the lower layers over [ndiu (Fig. 2b),

These two steps ave taken in the following two numerical studies. One is for East Asi,
another for India,

95 I100E  10%E SE

95E 100E 105E 110E 115E 1206 125

Fig. 1. The distributions of geopotenual height (solid in gpm) and temperature (dashed in K)o or
India and East Asia at 1200 UTC May 1, 1994, (a) a1 500 hPa. {b) at 850 hPa.
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Fig, 2, " Observed” loctl—zonai-mean mendioral wind (the sum of ageostrophic and geostrophic
modes in m s a1 1200 UTC May 1. 1994 wah posilive value for southerly component and nega
tive value for northerly component, ¢a) In the East Asian meridional pline don averape over

Y5-122.5°E)and (b}in the Indian meridional plane (an averape over 70-8S"E),

6.1 The simulation over East Asia

Taking all physical processes inte account except the radiation, the forced Hadley circu-
lation is simuiated over East Asia, The distribution of simulated horizontal branch of the lo-
cal-zonal-mean Hadley circulation (Fig. 3) is astoundingly similar to that of the " observed”
one (Fig. 4). Figure 3 shows a quite convincing result although there are some * noisy” struc-
tures near Lhe earth’ s surface, To figure out the cause of the “noisy” structure, a simulation is
carried out with all the forcing terms but not the forcing related to laient heating. The result
of this special simulation is presented in Fig. 5. The removal of the “noise” in Fig. 5 implies
that the calculation of the latent heating rate is somewhat unreliable for two reasons, One is
the absence of cloud physics in the convection processes, another is the less accurate humidity
data, However, the price for the absence of latent heating processes is the southward and

— R,
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downwird shifiing of the southerly wind center in the tropical region. Thus, the thermal forc-
ing associated with latent heat releasing plays an important role in the evolution of the local
Hadley circulation.

These nuinerical simulations demaonstrate that the present model is capable of simulating
the locul—zonal-miean Hadley circulation at 1200 UTC May [, 1994 over East Asia. There-
fore, an udvantage of the linearity of the diagnostic equation is taken to estimate the relative
importance of each internal forcing. This is accomplished by keeping only one forcing term in
the equation and then running the model with ¢losed lateral boundaries. For instance, to in-
vestigate the role of pressure gradien! force. keep term 1, eliminate term 2 1o term ]S and then
run the model with southern and northern boundaries closed. The corresponding result shows
a beautilul anti—Hadley—circulution (Fig. 6a) with a maximal southerly wind greater than 2
ms! in the Eust Asiun meridional plane (Fig. 6b) Consistent with the common sense, this re-
sult also agrees very well with the theory (Yuan and Wung, 1998), The theory points out that
i’ pressure increuses with the increuse of longitude in lower atmosphere and decreases with
longitude in upper atmosphere, then the meridional circulation in response to this pressure
distribution will come out W be an anti-Hadley circulation. Although the pressure gradient
force has a big contribution {bigger than that made by any other forcing except for Coriolis
force) 1o the southerly wind in this case, pressure gradient force and Coriolis force cuncel each
other out, Therefore, these two lorces are no longer considered in the following comparison
amony the internal forcing (erms.

The investigation of other individua! internal force is done in the same way as that of
pressure gradient force, The results show that the very well organized anti—Hadley meridional

Fig. 3. Simulated horizonta) branch im s7') of local—zonal-mean 195—122.5°E) Hadley circulation
at 1200 UTC May 1, 1994 with positive value for southerly component and negative value for
nartherly component in the East Asian meridional plane, This simulation takes all the forcing pro-

cesses into account,
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Fig. 5. The same as Fig. 3 except for that the simulation eliminales latent heat refeasing process.

wind patlern with a maximal southerly wind of 1 ms™ is produced by the process associated
with the mean mode of u—component temperature advection (term 10). The corresponding
circulation is shown in Fig. 7. The contribution from the mean mode of adiabatic process
(term 12) ranks the second. The third is the process associated with the mean mode of
meridional momentum advection (or v component internal force),

Finally, a simulation is completed including term 10 ta term 15 — the combined impacts
of mean and eddy modes of horizontal temperature advection as well as adiabatic process
(Fig. 8). This simulation reveals that the mean and eddy medes of horizontal temperature
advection as well as adiabatic process together also play an important role in the establish-
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ment of anti-Hadley circulation over East Asia at 1200UTC May 1, 1994, These mechanisms
can be further understood through an investigation from synoptic point of view. The synoptic
situation at 1200UTC May 1, 1994 indicated the presence of wurm temperature advection in
the region to the north of the South China Sea from lower to upper tropasphere (Fig, 1). This
is a favorable synoptic situation for the formation of anti-Hadley circulation according Lo
bath theory and common sense, Previous theory (Yuan and Wang. 1998) concludes that if the
distribution of temperature advection is characterized by the increase of warm temperature
advection with latitude. then the northern part of domain will warm up in contrast with the
southern part of domain, In response 1o this thermal process. the direct circulation will ap-
pear as an anti—Hadley circulation,

250 =
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Fig. 6. The same as Fig. 3 except for {a) simutated strepm function of local—zonal-mean—Hadley
circulation and (b} the corresponding horizontal branch (m s™'). This sitmulation only takes the

pressure gradient force into account,
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Fig. 7. The saie as Fig, 6a except for that the simulation only takes the meaun mode of y=comm

nent temperature advec! 100 110 account,

SIS @

e 208 0N [T

Fig. 8. The same us Fig. 7 except for that the simuoltion takes mean and eddy modes of horizantal

lemperature advection and adiabatie heating (term 10 Lo term 15) into aceount,

6.2 The simulation over India

At1200UTC | May 1994, the cross—section of "observed” v, displayed a Hadley—circu-
lation pattern above 850 hPa over India (Fig. 9), The simulated result without considering the
effect of latent heating process (Fig. 10) only catches part of the characters of Fig. 9. If the efl-
fect of latent heating process is taken into account, the simulation is somehow worse especial-
ly in the boundary layer partly for the same reasons mentioned in the East Asian monsoon
case, However, the crucial reason may be the presence of a shallow statically unstable layer
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Fip. 9. " Ohsersed” Iocal—zamal-mean (H1-85°E) ageostraphic nerulwnal wmnd ¢m s ') at 1200
UTC May 11994 in the [udun meruhonal plane with positive vilie for southerly component and

cogalive value for northerly ecmponent,

Fig, 10 The sume us Fig. ¢ except for simulated horizontat brach (m s7'1 of Hadley circulation,
This simulation eliminates Latent heat releasing process without the adjusiment,

{A<0}over India (Fig. 11)since AC— 87 <0 in this shallow layer slightly viclates the criter-
ion AC— B’ >0 required for the elliptic equation (see Section 3) and is somewhat beyond the
model’ s ability, Although in the present case, this shallow statically unstable layer does not
lead to the divergence SOR iteration, in an exireme case, the SOR iteration will not converge
if the hydrodynamic stability criterion AC — B* >0 is highly violated. One likely way to fix
the divergence problem is that as long as AC— B <0 takes place, coefficients 4, B, and C
may be respectively adjusted to 4. 8" and €~ of the minimal positive 4* C~ — (8" ).
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However, the results with the adjusiments may not be much better or could be worse than
those in the slight violation case since the adjustment may upset the balances of the aimos-
pheric systems (Fig. 12). Figure 12 shows the simulated v, field with the adjustment. which is
almost identical with Fig. 10 (the simulated v, field without the adjustment) except for a few
small scile structures in the boundary layer.

Despite the simulations over India suffer fram the limitation of the model. the estimmation
of the contribution made by each internal forcing process may still provide some information
in terms of retative importance, Like the East Asian case, the latent heat process is obviously
important but the result is not so reliable. Different from the simulated results over Eust Asia.
the very well organized patiern of the local—zonal-mean Hadley circulation with a1 muximal
northerly wind of 1.2 m s™' in lower wimosphere is produced by the process associaled with
the meun mode of v—component temperature advection (teem 11) (Fig. 13} instead of u—com-
ponent of temperature advection, A synoptic explanation is provided by Fig. | which shows
that due to a relatively deep trough over [ndia. cold temperature advection was prevailing
over India at 850 kPa and 500 hPa levels. These synoptic situations were just opposite 1o
those over East Asia. To the Hadley—circulation pattern, the contribution from the mean
mode of y—component of momentum advection ranks the second in the region between
10°N and 27°N. The rest processes produce either opposite or rather unorginized patterns,

7. Summary

A linear-second—order partial differential equation for a forced local—zonal-mean
Hadley circulation is successfully. to some extent. applied to the numerical simulations of the
circulation in the East Asian and Indian monscon regions based on 1200 UTC 1 May 1994
NCEP # NCAR reanalysis duta set. With the benefit of the linearity of this diagnostic equa-
tion, the investigation of (he contribution made by each dynamic and thermody¥namic process
reveals the relatively important mechanisms responsible for the different characters of mon-
soon circulation over East Asia and India, The results show thal besides the latent heating
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Fig. 11. Mertidional cross—section of local-zonal-mean potential temperature {in K) at 1200 UTC
May 1, 1994 over India (70-85°E).
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Fig. 13, The simulated steeam funclion of local-zonal—mean Hadley circulation with the adjusl-
ment, This simulation only takes the mean mode of r—omponent temperature advection into nc-

count,

processes, the increase of warm {cold) temperature advection with latitude in the East Asian
(Indian} region is also ane of the key factors respounsible for the formation of anti—Hadley
(Hadley) circulation in the region at 1200 UTC May 1, 1994, These preliminary results are
consistent with the seasonal averaged results by He and Jian (1998} and Jian and He (2000): 1}
The evolution of the East Asian summer monsoon is closely related to the seasonal warming
in the East Asian region bounded by 10°N and 30°N, This seasonal warming is mainly due to
the warm temperature advection and latent heating processes, 2) Compared with the East
Asian monsoon, the delay of the Indian monsoon is associated with the cold temperatore
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advection affecting the Indian region bounded by 10°N and 30°N.

Since the radiation information within the troposphere is absent from the
NCEP / NCAR reanalysis data, those processes associated with radiation are temporarily ex-
cluded in present numerical simulations, so does the cloud physics, Next effort of this study
will focus on collecting radiation and cloud physics information and improving the calcula-
tion of latent heat energy.
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