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ABSTRACT

This paper presents a numerical study on the 1998 summer rainfall over the Yangtze River valley in
central and eastern China, addressing effect of a nested area size on simulations in terms of the techmique of
nesting a regional climate model (RCM) upon a general circulation model (GCM), Evidence suggests that
the size exerts greater impacts upon regional climate of the country, revealing that a larger nested size is su
perior 10 a small one {or simulation in mitigating ercors of GCM~provided lateral boundacy farcing. Also,
simulations show that the RCM should incorporale regions of climate syslems of great importance inéo
study and a low—resolution GCM yields more pronounced errors as a rule when used in the research of the
Tibetan Plateau, and, in contrast, our PFRCM can do a good job in describing the plateau’s role in a morc
realistic and accurate way. It is for this reason that the tableland should be included in the nested area when
the RCM is employed 10 investigaic the regional chmate, Our PoRCM nesting wpon 2 GCM reaches more
realistic results compared to a single GCM used,
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1. Introduction

Numerous significant findings have been achieved [rom the studies of large—scale climate
variation by atmospheric general circulation models (Gates, 1992) but these models do not
work well in the research of modeling and prediction of regional climate variation (Groth and
MacCracken., 1991), For more details of regional climate, one of the approaches has in the
past decade been the use of nesting RCMs on GCMs, most popular being “one—way nesting
at present, and in China the study of high—resolution RCM simulation has been undertaken
mainly in the latest few years (Zhao and Luo, 1998) and almost all researchers adopted
RCMs rather than vse GCMs with increased horizontal resolution or variable—grid global
models,

RCM boundary values for forcing taken from observations are regarded as " precise”, It
is found that with equal boundary buffer zone’s width available, the smaller the model
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domain, the closer the simulation to the measured field. Thus. we are led 10 helieve that in an
extreme case a simulated value equals a measured one if 8 model domain becomes 4~ point”
But the ultimate goal of regional climate research is 1o predict its variation and thus, the
RCM has to be nested upon the GCM—given boundary values that are, however, inevitably in
errors, during which the RCM nested area size exerts influence on simulations that may differ
somewhat from what is mentional just above. In previous RCM studies it was a common
practice to extend outward more or less arbitrarily a target zone in delineating a mode! do-
main, neglecting the significance of a model zone scale to output. With this consideration in
mind, we conducted experiments to explore effects of a nested area size upon simulation when
a RCM is nested upon a GCM,

2. Brief model description and experimental scheme

The prototype GCM was proposed by Bourke ef al. (1977) and McAvaney et al. (197%4
and developed by Simmonds (1985) and Lin (1991} into an AGCM that contains 9 levels in
vertical and truncated rhomboidally at wavenumber 15 {referred to as an LIRS model here-
after). The L9R15 adopts o coordinate vertically and Monin—Obukhov parameterization for
the boundary layer, including in itsell the effects of surface roughness, moisture, sea surface
temperature, polar ice cover and those of clouds, vapor, CQ and O; on radiation. This work
employed the protoiype LIR1S containing daily variation in solar radiation {(Shao et al.
1998), '

The regional climate model in a P—g coordinate system (PeRCM) for this study is con
structed on the basis of a primitive equation model produced by Qian (1985), with physics
and vertical structure almost identical to those of the original model except increased horizon-
tal resolution of 1° % 1°, the specific humidity field calculated at each time step instead of &v-
ery hour, a paramelerizalion scheme based upon the Monin—QObukhov similarity theory util
ized for PBL momentum, heat and vapor fluxes (Zhang and Qian, 1999), but with the soil and
ocean submodels of the original model preserved, The integration scheme consists of 1 h Ful-
er’s backward difference alternate with 3 h central difference operated at 3 min timestep. It 1s
found that the PsRCM using observations as a foreing has a quite high capability to imitate
the variation of regional climate in China (Liu and Qian, 1999),

The PeRCM has as its lateral boundary the sponge limit with one—way nesting tendency
correction and its lateral boundary buffer sones take 8 model boundary cycles whose weighed
coefficients win) vary exponentially in the normal direction, And the boundary conditions are
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where n stands for the serial number of a gridpoint inward along the normal, a for a variable,
subscript MC for tendency obtained from the PeRCM and subscript LS for large—scale tend-
ency forcing given by GCM or measurements.

The exceptional greal flood event in 1998 over the middle and lower reaches of the
Yangtze River was taken for a cuse study. One PsRCM study was undertaken using NCEP
reanalyses as a forcing (o examine the model abilily to imitate regional climate, then the
L9R 15 imitation was performed in order Lo compare with the results from its nesting with our
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Fig. 1. Preciprauion rates (mm -+ day) measured i June (a) and July (b) in 1998,

PoRCM 1in which effect of a nested area size was investigated on simulations,

For all the above experiments, integration was begun from 0000 GMT, | May 1998 for
the which the initial fields were based on daily NCEP reanalyses and the SST field on 1998
weekly means at 1" X 1° resolution on a global basis to which linear interpolation was per-
formed Lo get daily mean SST data that were offered to the L9R15 or PeRCM, Besides. the
L9R 15 employed climatological snow and ice cap.

3, Verification of PoRCM simulations

Figure 1 portrays the field of measured precipitation in June and July, 1998, indicating
that in June rainfall occurred mainly south of the middle and lower reaches of the Yangtze
River and in parts of Seuth China (stippled) and was of high intensity and extensive, reaching
monthly total of 500-700 mm locally, and in July the rain belt (RB) was chiefly located in the
middle reaches with less strength than in June. The RB is markedly southward of
climatological mean for the same period, thereby prolonging the rainfall season so as (o pro-
duce 4 great flood event in the research basins.
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Fig. 2. As in Fig. 1 but based on PaRCM simulavions.
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Fig. 3. The same as in Fig.1 but from LR 15 imitations.

The domain of PeRCM simulations using daily NCEP data as boundary forcing i pres-
ented in the inner dashed box of Fig. 3a. The distributed rainfall rates from the PaRCM
simulations for June and July are drawn in Figs. 2a and 2b, respectively. Inspection of Figs. 2
and 1 shows that the PoRCM has capability to imitate dominant RBs. on the whole, inside
China for the two months, indicating the viability of the model. Also. we notice therefrom
that because of the adopted lateral boundary forcing given by observations, the resulting
simulations compare more favorably with the PPRCM~-LI9R15 nesting that will be given in a
later section. This illustrates that a precise lateral beundary forcing is absolutely necessary for
the regional climate simulation.

4. L9RI15 simulations

Figures 3a, b illustrate L9R15—simulated distribution of Asian rainfall rates {mm." day)
for June and July, 1998, indicating that the RBs are situated largely on the north and south
sides of the western Pacific subtropical high, the northern one responsible for the 1998 calami-
1y in the study valleys and we now focus on this RB, Examination discovers greater difference
in position between the imitated and observed, The dominant RB duplicated for the two
months is in North China with the locality remarkably northward compared to the observed
although a secondary one is reproduced in July in the southern part except for unsimulated
rainfall over the valleys, thus indicating thal as a low—resolution global mode] the LIRS has
lower ability to imitate regional precipilation,

As evidenced from the foregoing study, the LYR1S rainbelt is positioned significantly
northward, making feel the need of examining the LIR 15—simulaled pressure system, with
the monthly mean height delineated separately in Fig. 4 for June and July in contrast to the
corresponding fields after NCEP reanalyses in Fig, 5. Their comparison shows the diffetence
between the duplicated and observed pattern largely in the following: 1) the simulated ridge in
East China and its seaboard are considerably enhanced, exhibiting itself as a spurious feature
this overestimated ridge gets intensified steadily from June to July and superimposed in July
upon the subtropical high, thereby making the latter have the vigor above normal; 2) the imi-
tated 500 hPz height over the Tibetan Plateau is much lower compared to the observed field.
displaying itself as a false trough, which gets steadily deepened in this period. Evidently,
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Fig. 4 L9R)S—gnen 500 hPa geopotential height Fig. 5. As in Fig. 4 excep for the NCEP rcanalyses-
{(dam) for June (a) and July (b), drawn height field.

existence of the spurious ridge to the east of the Plateau serves as the dominant cause of the
northward displacement of the simulated RB. And error of the 500 hPa height imitation is
available in the two months, indicative of the systematic error inherent in the model.

The genesis of the false ridge bears an infimate relation to the development of the spuri.
ous low over the Tibetan Plateau to the west. When a thermal low develops vigorously over
the Plateau in summer, so does the subtropical high downstream, a relationship that has been
substantiated by numerous studies, the dominant role played by thermal effect of the table-
land, The LYR1S is defective in casily generating a " false” pressure system over large-scale
terrestrial giants, e.g.. the Tibetan Plateau, Rockies, Andes and the Antarctic because of its
low resolution (Wu et al., 1996). We can thus assume that the northward position of the du-
plicated RB is due mainly to the LIR15 low—resolution errors for the plateaw which s unable
to accurately describe thermal and dynamic effects produced by the extensive tableland.

5. Experiments with our P6RCM nested upon LIR1S

Two experiments were developed, one being a larger—area nesting (denoted by DMRB)
and the other being a small one (DML). The former has its nested area of 0°-58°N.
70°~140°E with gridpoint total of 71 % 59 with the inclusion of the Tibetan Plateau, as shown
in the outer box (solid line) of Fig. 3a and the latter (DML) covers 10°~45°N, 90°~135°E,
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Fig. 6. DMB—given rainfall rates imm ~ day) for June (a)and July (b)

totaling in gridpoints of 46 x 36, including part of the Plateau. as is shown in the inner box
(dashed line enclosed) of the same figure. For the PeRCM, the lateral boundary forcing 1 re-
newed at 12 h intervals with the aid of related instantaneous output field from the L9R13,

5.1 DM B run—given simulations

Figure 6 presents the patterns of DMB—cxported precipitation in June and July, 1995,
Comparison of Figs. 6 and 3 shows that the imitated RB, despite being more or less north
ward, is maved considerably southward compared to L9R1S5 ouicome and somewhat intensi-
fied. Consequently, the DMB results are closer 1o the observed with simulations greatly better
compared to the LYR15 findings. It follows that simulations are a lot better from DMB than
from LYR1S experiment for the 1998 wet—period rainfall, which mitigates the unduly north-
ward position of the LIR 15 rainband to some degree, thus demonstrating preliminarily that
the GCM-RCM nesting vields better results than the single GCM is employed for
short—term climate research,

It should be noted that the RB from the PeRCM nested on LR 15 remains more north-
ward than the observed, which is far poorer than when NCEP reanalysis is used as lateral
boundary forcing, a fact which is related to inappropriate forcing by LIR15. Moreover,
LIR15—given RB is unduly northward with the consequence that, although PeRCM can cap-
ture more effectively GCM—unidentifiable forcing of region—scale topography and surface
features upon regional climate variation, it 15 unable to improve simulations to great extenl
simply due to errors that GCM offered lateral boundary forcing, which lead to the LIRIS
rainband moved unduly northward.

Figure 7 presents DMB-given monthly mean 500 hPa height over June and July. As
stated before, the geopotential height patterns differ more greatly between the LIRIS out-
come and NCEP reanalyses, Comparison of Figs. 7 and 4 indicates that the DMB run did not
produce a false trough over the study plateau nor a spurious ridge in East China, leading ta
the DMB-produced RB southward of the L9R15 analog. Further, comparison of Figs, 5 and
7 reveals that the DMB imitated geopotential height field is closer to the NCEP pattern, L¢.. a
weak ridge over the plateau and 1o its north, a phenomenon that is related to the aniicyclonic
curving of westerly flow around the plateau; both the fields display a southerly branch trough
on the south side, portraying a clear feature with a ridge {trough} on the north {south) side
and sparsely—distributed contours above the plateau, Moreover, Figs. 7a. b show a semr—cast
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Fig, 7. DMB—given monthly mean 300 hPa height (dam) for June (2) and July {b).

to west shear simulated in 30°-35°N, with a high’s center to the north, a situation favorable
for precipitation occurrence in the middle and lower reaches of the Yangtze River.

From the foregoing analysis we notice that the nesting PeRCM upon LIR1S will better
considerably the simulation of 500 hPa height, especially in the research plateau, which is at-
tributed to higher horizontal resolution of the PeRCM for identifying more realistic regionul
topography and a higher—precision pressure gradient force calculating scheme whereby it is
likely to describe effect of the plateau upon atmospheric motion in a more detailed and accu
rate manner, thus effectively making up the deficiency of the L9RIS in simulating the
plateau’s role.

5.2 DML given simulation

Figures 8a, b are the distribution of DML precipitation rates (mm / day) in June and Ju-
ly, respectively, displaying that the June imitated RBs are located dominantly north of the
Yangtze River and composed of itwo rainbands, one being the northern one around 40°N and
the southern one about 34°N, a situation that illustrates a quite large difference from the in
situ observations despite some southward displacement versus the LYR15 simulation, And for
July the DML rainbands are still more northward (largely north of the Yellow River) as
against the observed analogs but close to the LIR1S outcome, In comparison to the DMB
simulation, the DML output is considerably poorer, leading to simulated rainfall located far
northward, close to the L9R13 rainbands, indicating that in the small nested area the RCM
lowers the improvement on the L9R15 results, making them even closer to those when the
LYR 15 offers a large—scale background field for simulation.

From the comparison of Figs. 9a, b (for DML monthly mean height) to Figs.7a.b {for
DMB counterpart), we see that the DML nested box is small enough to exclude the plateau as
a whole with the result that we can investigate only the geopotential height to the east. Inspec-
tion reveals that the DML false ridge in the eastern seaboard remains and strengthens steadily
from June to July. a result that is in concord with the L9R15 equivalent. It follows that the
DML does not effectively get rid of the appearance of the spurious ridge given by LIR13. a
fact that is in agreement with the more northward RBs from the DML compared to the DMB
outcome, It can be inferred thereby that the DML box did not cover the entire plateau and so
not betier greatly the situation for weakening the false ridge.
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Fig. 8. The same asn Fig. 6 but for DML autcome.
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Fig. 9. DML—given monthly mean 500 hPa height {dam) for June ta) and July (b),

6. Discussion and conclusions

The above experiments show that when the GCM—RCM nesting technigue is used in the
study of regional climate in China, the nested arca size has rather great effect on simulations
due to the fact that GCM~furnished boundary forcing has certain error and it is found that a
larger size yields better resull. This is related to the fact that 1) the RCM requires sufficient
space and time to develop region—scalk climate systems based upon forcing inside the box in
order to mitigate effect of large—scale background errors in boundary’s buffer—zone so thut if
the nested zone were too small, then the contribution of RCM internal forcing would be so,
leaving cutput under greater control of GCM—given large—scale background. resulting in
insignificant improvement on GCM simulation, which agrees well with Giorgi et al. (1993,
and 2) nesting RCM upon GCM has as its aim 10 better description of forcing on regional
climate variation in related surface features. thus leading to the fact that we should trv to in-
clude a nested—area innegligible factors (e.g., plateau and mountains) affecting regional cli-
mate. particularly areas with pronounced climate regionality. Improvement of GCM fore-
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casts is undoubtedly critical to the nesting climate simulation,

[t should be noted thut this article presents only qualitative conclusions from the study of
the 1998 flood event over the middle and lower reaches of the Yangtze River drainage arei,
However. for different factors or events and their geogruphic positions, the RCM domains
should differ to some extent. As a result, quantitative conclusions should be based on
simulations of dissimilar cases in terms of different models,

From this study, we come to the dominant conclusions as follows:

{1} The RCM nested on GCM can ameliorate the simulation of climate mn China but dif-
ferent—size RCM domains reveals dissimilar effects on outcome. When GCM—produced
boundary forcing possesses certain errors, a larger nested section should be taken for better
outpul, and v.v. for this reason it is inappropriate to take a smaller—size RCM box for numer-
ical study.,

(2) In accordance with a research factor and its position, the RCM—covered area should
incorporale in iself regions of importani climate systems. As stated earlier, the Tibetan Pla-
teau has inncgligible impacts on the climate of China and the low—resolution GCM gives
greater errors for the plateau. And the RCM is able to describe the plateau’s thermal and dy
namic effects in 4 more realistic and accurate way than a GCM such that a nested box should
include in itsell the Plateau to make up the deficiency in GCM simulation of the plateau, thus
rendering the RCM nesting upon a GCM better than a single GCM used as regards the
simulations, at least in the imitation of summer precipitation over the Yangtze River valley,
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