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ABSTRACT

Based an the primitive equation model with p—o incorporated coordinate system originally
developed by Qian el al, a one—way nested fine mesh limited area mode] is developed. This model
is nested with ECMWF T42 data to simulate the extra—intensive rainfall event occurting in the
Changjiang and Huaihe River valleys in symmer of 1991, The results show that the model has oet-
tain capacity to fairly reproduce the regional distribution and the movement of the main rainfall
belts. Therefore it can be used as a regional climate model to simulate and predict the short—range
regional climate changes.

Key words: Regional model, Intensive Meiyu rainfall, Numerical simulation
1. Introduction

Although GCMs proved successful in reproducing the basic features of large—scale at-
mospheric circulations (Gates, 1992), they are too coarse to describe the details of regional
climate patterns (Grotch, et al,, 1991). In the regions where the atmospheric dynamical and
physical forcings vary on a scale of less than a few hundred kilometers, such as in the presence
of complex terrain, a factor of 10 or greater increasc in model horizontal resolution may be
tequired to simulate the realistic regional responses to the future climate changes. Due to the
limitations in both computational resources and representation of the relevant physical pro-
cesses, the alternative approaches to regional climate modeling should be explored until the
high resolution global model simulations become feasible. The basic strategy of this approach
is 1o use the GCM to simulaie the response of the general circulation to the large—scale
forcings and the nested high—resolution regional climate model (RCM) to account, in a phys-
ically based way, for the local, sub—GCM—grid—scale forcings (Giorgi and Mearns, 1991). In
numerical modelings, the analyzed real grid data can also be used as the boundary condition
in order to remove the boundary errors produced by the large—scale models.

The numerical model with the so—called p—o incorporated vertical coordinate was
orginally developed by Qian et al., the detailed description of the tedeveloped version was
published in 1985 (Qian, 1985), That version was widely utilized in studying the atmospheric
circulations, such as the diurnal changes of weather and climate in the Tibetan Plateau area
and the development of monsoon in July (Kuo and Qian, 1981, 1582). It has
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been proven that the model has good performances both in numerical simulations and in
forecasting experiments, Considering the detailed nonadiabatic physical processes contained
in this model, based on it, a2 one—way nested fine mesh limited area model is developed and
expected to be a useful RCM to simulate and predict the short—range regional climate
changes,

To test the predictability of RCM, it is required to select proper weather and climate
cases in which the most important physical processes, such as precipitation and temperature
changes, are obvious and representative, The severe flood event happened in the summer of
19%1 in the Changjiang and Huaihe River valleys is such a typical case. If a RCM can reason-
ably simulate or predict this severe flood event, the RCM would be considered a useful one to
study the predictability of the regional climate change.

2. The model

2.1 The vertical configuration in the atmosphere

The RCM has 5 layers in the atmosphere, above the 400 hPa level the pressure
coordinale is adopted and the upper atmosphere is divided into two uniform layers with a 200
hPa thickness, below the 400 hPa level the o and ¢, coordinate systems are adopled, (wo ¢
layers are uniformly divided with Ao = 0.5 in the ¢ coordinate, and only one layer is defined in
the special 6, coordinate and taken as the atmospheric boundaty layer with 50 hPa thickness
everywhere. The o and g, arc defined as
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where p is pressure, p, =400 hPa is the thickness of the p—coordinate, Ap, =50 hPa is the
thickness of o, —coordinate, p. = p, — (p. + Ap, ) is the thickness of the c—coordinate, and
b, the surface pressure.
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2.2 The governing equations

In the s—coordinate system ihe dynamic equations of the atmosphere are as follows:
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where
A
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A represents either w, v, T or ¢. “/p is the horizental pressure gradient, C is the large and cu-
mulus condensation raies, £ is the evaporation rate, F terms are the net eddy transports, ¢ is
heating rate which consists of diabatic forcings including the infrared and solar radiations,
The solar radiation has both seasonal and diurnal changes, The momentum, heat and mois-
ture fluxes in the planetary boundary layer are computed with the similarity theory (Zhang
and Qian, 1999),

For simplicity, the equations for the p—coordinate can be taken as represented by the
same equations by setting o= P, &= wand p, = 1. For the ¢, coordinate, we should set

6=0,,6=6, andp, = Ap,.
2.3 The soil model and oceanic thermal model

The above 5—layer atmospheric model is coupled with a soil model and an oceanic
thermal model both with two layers below the underlying surface (Qian, 1988, 1993).

2.4 The modeling schemes

The initial conditions and the boundary forcing are both taken from the ECMWF T42
analysis grid data set which has a horizontal resolution of 2.5° latitude times 2.5° longitude
and 7 vertical levels, The lateral boundary conditions are alternated every 12 hours. A bound-
ary condition term for the variable = is given by

& &
(‘Z—c: ), = 11!(?:)('5,.—!;C he t (- w(n))(a—f Nis, )

where the subscripts LS and MC refer to the driving large—scale and the model—simulated
fields, respectively. The index #» refers to the number of grid points from the lateral
boundaries, that is, # =1 on the boundary. The values of w(») are 0.0, 0.4, 0.7, 0.9 and 1.0 for
n=1234dand5.

1<

The model domain is from 10°N to 45°N and from 90°E to 135°E, the grid size is
1°% 1% in the spherical coordinate system. Ocean temperatures are obtained from monthly
mean SST of 1991. We use Fuler’s backward method (1 hour) and the central difference
method (5 hours) alternatively for time integrations with time step At =3 minutes. Initial time
is set as 20:00 BST of May 1, time integration ends on 31 July, In order to compare the
simulations with the observations, the simulated rainfalls are accumulated according 1o the
observed three rainfall and two break periods.

3. Properties of rainfall and circulations in May to July of 1991

In May to July of 1991 a severe flood event happened in the Changjiang and Huaihe
River valleys, the most severe flood took place in Jiangsu, Anhui and Hubei provinces. The
monsoon rainfall (Meiyu) began on May 19 (the climatological mean datum is June 17), end-
ed on July 16 (the climatological datum is July 10), and totally lasted for 59 days (the
climatological mean length is 23 days), The total rainfall amount reached 600 to 1000 mm,
There were three rainfall periods and two breaks, The first rainfall period was on May 19 to
26 with maximum precipitation on May 22 1o 25, the second period was on June 2 to 17 with
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maximum on June 12 to 15, and the third one was ¢n June 30 to 16 with maximum on July 1
to 12. The two breaks with relatively less precipitation took place ocn May 27 to June | and on
June 18 to 29. After July 17, the Meivu ended and the rainfali belt moved to North China,

So far as the patterns of circulation were concerned, it was found that in that summeer the
ridge line of the subiropical high marched to the north of 20°N in the fourth pentad of May,
almost one month earlier than usual, then it moved back and forth between 20° and 25°N
during the Meiyu season. In the tropical region there was a negative SSTA area in the warm
pool of the western Pacific near the Philippines, which might be responsible for the stable lo-
cation of the ridge line. In high latitudes there were blocking highs over the Ural region,
which made the cold air mass move southward one by one. All those patterns were favorable
to the severe Meiyu in 1991,

4. The simulation of movement of the western subtropical Pacific high

As it is well known, the forming, breaking and ending of Meiyu in the Changjiang and
Huaihe River valieys have close relations to the advancing and withdrawing of the western
Pacific subtropical high, thus, a successful simulation of rainfall in the period of Meiyu close-
ly depends on model's performance in simulating the movement of the subtropical high, Here,
we {irstly display the daily averaged latitude position of 584 geopotential height (dam) line at
500 hPa along 120°E in the simulation and compare it with that in T42 data, as shown in Fig.
1. In the simulation, the time series of latitude position of 584 line is in good agreement with
that in T42 data, the model can properly reproduce two obviously northward marchings of
the subtropical high around the beginning and the ending of Meiyu in 1991, the model also
fairly simulates the short—range northward or southward movements of the subtropical high
within the period of Meiyu. However, there is a systematic error that the latitude position of
584 line in the simulation is lower than that in T42 data throughout the whole process.
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Fig. 1. The variations of daily averaged latitude positions of 584 geopotential height idam) line at
$00 hPa along 120°E. “|™ and " =" over the abscissa indicate the three rainfall processes and the in-
ternal intensive rainfall sections, respectively.
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5. Simulations of monsoon rainfall processes and breaks

To focus on the rainfall of Meiyu, we only display the simulated precipitation pattern
over the area of 20—40°N_ 105—125°E and compare it with observation. The verification data
are taken from the daily data of 121 surface stations in this grid box,

5.1 Simulation of the first severe precipitation

The first severe precipitation takes place from May 19 to May 26, In this period, the av-
eraged latitude position of the ridge line of the western Pacific high at 500 hPa is near 20°N.
As shown in Fig. 2a, the observed main rainfall belt is located in the Changjiang and Huaihe
River valleys with a west—east orientation, the maximum amount of rainfall is more than 200
mm, Fig. 2b shows the simulated precipitation, the simulated rainfall belt and amount are
basicaily similar to that in Fig, 2a, however the position of the belt is somewhat southward,
the area is limited to the coast, so that the observed precipifation in the upper and middle
reaches of the Changjiang River is not simulated. Such discrepancy may be induced by the
model spin—up process.

5.2 Simulation of the first break of precipitation

The first break of Meivu happens on May 27 to June 1, In this period, the ridge line of
the subtropical high moves to about 23°N, the observed main rainfall zone proceeds north-
ward to 30—-35°N, the Changjiang—Huaihe River valleys become a relatively less—precipita-
tion area, as shown in Fig. 3a. In the simulation (see Fig. 3b), the rainfall belt is near 29°N,
the rainfall amount is basically equal to observation, especially, the evident decrease of rain-
fall amount in the east band of that belt, the northward shift of the mid and west bands and
the longitude position (near 115°E) of maximum rainfall amount center are all simulated be-
ing similar to observations, The main discrepancies in Fig. 3b are that the simulated rainbelt
is too southward, the northward shift of the east band of the belt is not simulated and there is
spurious precipitation between 35°N and 40°N near the north boundary.

As seen in Fig. 1, in this period, the 584 geopotential height (dam) line actually moves
northward to 39°N, however, this movement in the simulation is not so evident.
Consequently, the simulated rainfall beit has a lower latitude position than in reality.
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Fig. 2. Accumulated precipitation {mm] from May 15 to 26 in 1991, (2} Observed; (b} Simulated.
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Fig. 3. The same as Fig, 2 except from May 27 to June 1.

5.3 Simudation of the second Meiyu rainfail

This process of precipitation takes place on June 2 to 17, In this period, as shown in Fig,
4a, the observed main rainfall belt moves back from north of 30°N to south with maximum
precipitation of 300 mm and more in the middle and lower reaches of the Changjiang—Huaihe
Rivers. The main rainfall belt has a west—east orientation, In the simulation (see Fig. 4b), the
maximum precipitation area is well reproduced, the west—east orientation and the amount are
very similar to observation, Meanwhile, the two maximum rainfall centers over Sichuan Basin
and Yun—Gui Plateau are also fairly simulated. The discrepancy is that the position of the

beit is a little southward.
5.4 Simulation of the second break

On June 18 to 29, the Meiyu is broken again due to the strengthening cold air mass from
north and the withdrawal of the subtropical high ridge line to 16°N. The model has good per-
formance in simulating such a rapid southward movement of the subtropical high (se¢ Fig. 1).
Fig. 5a shows the observed precipitation pattern, In this period, the main rainfall belt is lo-
cated in the South China coast area with maximum rainfall amount of 300 mm and more, the
secondary rainbelt is over the northern China with maximum precipitation of 50 mm and
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Fig. 4, The same as Fig. 2 excepl from June 2 to 17,

s e "



No, 3 Liu Huagiong and Qian Y ongfu 401

more, there is a relatively wide less—precipitation area in the Changjiang River valley and
south of it, In the simulation (Fig. 5b), all above features are well simulated with a discrepan-
cy that the relatively less—precipitation area is not so wide.

5.5 Simudation of the third Meiyu process

On June 30 to July 16, the third severe precipitation takes place. [n the observation (Fig.
6a}, this precipitation is more severe than that in the two previous processes and concentrates
to 2 narrow belt with the southwest—northeast crientation, in the middle and lower reaches of
the Changjiang River the precipitation is specially heavy with 700 mm maximum amount in
Wuhan, This precipitation process is caused by the northward movement of the ridge line of
the subtropical high once again to 23°N. In the simulation (see Fig. 6b), the main rainfall zone
is fairly reproduced with correct position and width, especially, there is a maximum rainfall
center near Wuhan too, The discrepancy is that the amount of precipitation in the mid and
east bands of rainfall belt is underestimated and will be discussed in Section 6.

5.6 Sioudation of the precipitation paitern after Meivv ending

Meiyu ends on July 16 when the subtropical high ridge line moves to 30°N. The precipi-
tation in the Changjiang—Huaihe River valleys ends too and the main rainfall zone goes to
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Fig. 6. The same as Fig. 2 except from June 30 to July 16,
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North China, Fig. 7a shows the observed precipitation pattern on July 17 to 31, there are two
main precipitation areas, one is located in the lower reaches of the Huanghe River and the
other over the west part of the domain between 105°E and 110°E, a large area east of 110°E
between 25°N and 35°N is a less—rainfall area with precipitation amount less than 50 mm. As
seen in Fig. 7b, this pattern is simulated quite well except that the simulated two main rainfall
areas are wider and the amount is larger than the observation.

It should be pointed out that the rainfall over the coast of Guangdong and Fujian Prov-
inces is not simulated. Accerding to the historical synoptic processes, this regional precipita-
tion was caused by an intense tropical storm which made landfall near Shantou on July 19
with minimum center pressure less than 940 hPa. Due to the lower temporal and spatial reso-
lutions of T42 data, the model is inadequate to simulate the structure of the tropical storm as
well as the corresponding precipitation.

5.7 Ferification on compaosition of simulated precipitation

To gain a better understanding of model’s performance in simulating the Meiyu rainfall
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Fig. 7. The same as Fig 2 except from July 17 to 31,
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Fig. 8. The percentage of simulated convective precipitation, averaged over the area of 27°—34°N,
112°~122°E, The abscissa is the same as that in Fig, 1.
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in the summer of 1991, we do a verification on the composition of the simulated precipitation,
Fig. 8 presents the percentage of the simulated convective precipitation, averaged over the
area of 27-34°N, 112-122°E,

As seen in Fig, 8, the rapidly increasing of the convective rainfall is evident after the be-
ginning of Meiyu, the intense rainfall sections (indicated by “::"} in three rainfall processes are
all dominated by the convective precipitation, while the larpe—scale precipitation is primary in
the relatively weak sections (indicated by “|" ). These features of the simulated precipitation
are consistent with realities of Meiyu in the summer of 1991,

6. Discussion and conclusions

Comparison of the simulaled precipitation and observation shows that the model can
fairly simulate the rainfall processes in the period of Meiyu in 1991. Meanwhile, there are
some problems in the modeling, as discussed in the following,

The model’s performance in the beginning stage of Meiyu (ie. the first rainfall process
and the first break) is not as good as that in the mid and later stages. This result indicates that
the model spin—up time may be too long and that the model is relatively inadequate to simu-
late the rainfall processes in the seasonally adjusting stage of the atmospheric circulation pat-
tern.

For the third intense rainfall process, the amount in the mid and east bands of rainfall
belt is underestimated in simulation, As seen in observation (Fig. 6a), there are several
meso—§ scale centers with specially heavy precipitation aiong the mid and east bands. The
current model's resolution is not high enough to effectively simulate the mesc—§ scale struc-
ture of rainbelt. This is the primary reason for underestimating the rainfall amount in
simulation.

Our work leads to following conclusions;

(1) The regional climate model with p—¢ incorporated coordinate has certain capacity to
simulate the severc flood event in the summer of 1991 in the Changjiang—Huaihe River val-
leys. Besides the positions of rainfall zones in the beginning stage of Meiyu, the area distribu-
tion and the amount of precipitation are both simulated in good agreement with observations.

{2) A better simulation of the details of rainfall distribution and amount would depend
on the increase of model resolution,

(3) The lateral boundary condition is important to the regional climate modeiing. In the
present simulation, pseudo rainfall ofien takes place near the outflow boundaries and needs
1o be removed by further improvements of the lateral boundary condition.
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