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Abstract In the Sichuan Basin, where terrain is exceedingly complex, torrential rainfall occurs frequently, often leading to
flash floods, debris flows and other disasters. When using mesoscale model to study torrential rainfall events over the complex
terrain region. the horizontal grid size selection for mesoscale model is lacking in quantitative criteria. In order to reveal the
complex terrain features in Sichuan and provide a quantitative basis for the horizontal grid resolution selection for mesoscale
models, the two-dimensional discrete cosine transform is used to decompose terrain height fields and torrential rainfall distribu-
tion fields in Sichuan, China. Based on the torrential rainfall distribution, four study areas are selected to study spectral charac-
teristics of terrain in the Sichuan Basin. Meanwhile, the issue of selecting the horizontal resolution for the numerical model is
quantitatively discussed by using the terrain variance spectrum and numerical experiments. The major results show that; (1)
the two-dimensional discrete cosine transform method can successfully demonstrate the anisotropic characteristics of the study
areas; (2) terrain height variance and rainfall variance have better in-phase relationship in both the Yaan region and the north-
western Sichuan Basin, while in the northeastern and central Sichuan Basin, out of phase relationship exists between them at
greater wavelengths; (3) concerned with terrain features of a study area, ratio of model-resolved terrain variance to total terrain
variance can be used to select the appropriate horizontal grid size for mesoscale models.

Key words Sichuan, Terrain spectrum, Precipitation spectrum, Model resolution
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Fig. 2 (a) Terrain height in Sichuan; (b) distribution of the total torrential rainfall from June to September averaged
over 2008 — 2014 in Sichuan (Red rectangles indicate the 4 study areas (A, B, C, and D) in this study)

m
2 4000
kil Z
Lesan N
3500
]
Dazhou
3000
2500
0 50 100 150 200
X (km) 2000
1500
uangyuan
= 1000
E 500
< ET
>~ Suining
0
2P0
Mianyang
0 50 100 150 0 50 100
X (km) X (km)

B3 WX IR A BLC D Ca—d) i i JE i BE 7 A3 (IR 38 7 8 W1 2 7 )
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Fig.4 Two-dimensional terrain height variance spectrum common logarithm (lgs®) distribution of the study area A, B, C,

and D (a—d, m and n represent zonal wave number and meridional wave number, respectively)
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Table 1 The parameters of the least squares best-fit relation of the form ¢* = a2’ (1 = 1 km) for the
five sections of the terrain height spectrum

n/12 n/6 n/4 n/3 5n/12 Ty
a 0.0108 0.0106 0.0139 0.012 0.0114 0.0117
X3 A b 3. 1464 3.0911 2.9916 2.9449 2. 8904 3.0129
r 0.9451 0. 9257 0.9341 0.9295 0. 9359
777777777777777777777777777 a 0.0050  0.0048  0.0054  0.0030  0.0040  0.0044
X B b 2.6251 2.777 2.7008 2.9290 2.7367 2.7537
r 0.9227 0.9283 0.9221 0. 9006 0.9333
"""""""""""""""""" « 0.0118  0.0102  0.0105  0.008  0.0098  0.0102
X 1 C b 2.7065 2.7596 2.7547 2.9764 2. 8088 2.8012
r 0.9245 0.9072 0.9212 0.9333 0.9156
"""""""""""""""""""""""""" @ 0.0025  0.0017  0.0013 0.0010  0.0011 0.0015
X 1 D b 1.7992 1.9931 2.0575 2.1385 1.9976 1.9972
r 0.8473 0.8571 0. 8818 0. 8573 0.9048
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Table 2 The ratio of the model-resolved terrain variance to the total terrain variance (considering that
the model correctly represents the variance of the waves with its wavelengths longer than 4Ax)

Ax X A X% B X3 C X% D
27 km 0. 2678 0. 2661 0.5955 0.2373
18 km 0.4624 0. 3181 0. 6044 0.2823

9 km 0. 6402 0. 4567 0.7011 0.3737

3 km 0. 8189 0.7001 0. 8468 0.5256

1 km 0. 9584 0.9016 0.9523 0. 6554

333 m 0.9945 0. 9844 0. 9940 0. 8157
200 m 0. 9984 0. 9954 0. 9984 0.9147
90 m 0.9999 0.9998 0.9999 0.9961
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