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The Errors of Pressure Gradient Force in High-Resolution Meso-Scale Model
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Abstract It is a difficult problem for reducing the errors of computing pressure gradient force (PGF) in the terrain-
following vertical coordinates. The primary ways to solve the problem in use are a) averaging integrated scheme, b)
special formats like Corby’s scheme, ¢) subtracting hydrostatics scheme, d) subtracting error scheme and e) inter-
polating to isobaric levels and so on. The schemes mentioned above just moderate the problem and they have some
trouble for most of the terrain-following meso-scale numerical weather models. The effects on reducing PGF errors
will be lessened and the problem will be deteriorated if the meso-scale numerical models increase resolution or be-
come the steeper slope in topography.

The errors in several kinds of PGF computing methods have been diagnosed under very steep slope with high-
resolution used in a meso-scale model by ideal field tests. Tests show that PGF errors can reach 1072 m/s? by classi-
cal method, 10° m/s’by average classical method and the highest precision 10~* m/s? by Corby’s scheme. It is also
indicated that computing results of PGF in the po terrain-following vertical coordinates will be deteriorated slightly
and the errors will not be converged under the conditions of steep slopes if the model resolutions increase in the ver-

tical direction.
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A revised scheme has been put forward in the conditions of high-resolution meso-scale model. It is based on the

techniques of interpolating to isobaric level to calculate PGF after finding precise geopotential height through integra-

ting hydrostatic equation calculations with high vertical resolution. The ideal field tests show that the PGF errors

decreased greatly under the steep topography slopes in the meso-scale model and the highest precision can reach 10™°

m/s’ under the typical meso-scale parameters. The calculation errors come mainly from integrals of truncation errors

of hydrostatic equation for geopotential height in the vertical direction when the number of vertical layers is less than

100. When the number of vertical layers is more than 100, truncation errors of differencing in horizontal discretiza-

tions will also play an important role.

The most significant feature is that the errors of PGF will reduce dramatically with vertical resolution increase

and the revised scheme on PGF will be converged with the increasing vertical resolutions under the conditions of the

ideal atmospheric field.

Key words terrain-following vertical coordinates, pressure gradient force (PGF), ideal field test, error
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Table 1 The variation of error maximum for schemes used in community on pressure gradient force followed by vertical layers in

the model
FE B4 25K Vertical layers
20 30 45 60 80 100 120 150 200
22 3k Classical scheme/107% m/s? 2.42 2. 47 2.49 2. 50 2.51 2.52 2.52 2.53 2.53

22 OSP34 Average classical scheme/10 % m/s? 2. 04 2.09

Corby 3% Corby’s scheme/10™* m/s? 6. 00 6. 10

2.12 2.13 2.14 2.14 2.15 2.16 2.17

6. 18 6.22 6. 25 6. 26 6. 28 6. 29 6. 30
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Fig. 4 Schematic diagram of new scheme on pressure gradient force algorithm
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Table 2 The variations of error statistics for the new scheme on pressure gradient force followed by vertical layers in the model

I {4325 Vertical layers

20 30 45 60 80 100 120 150 200
RIREWE Error maximum/10~* m/s? 2. 40 0. 95 0. 46 0. 29 0. 20 0.16 0.12 0.10 0.09
[5E Ui #b JE [ff 3 J5 2% Variance near steep slope/ 7.71 2. 85 1. 36 0. 84 0. 62 0.51 0. 37 0. 32 0. 27
1075 m/s?
5 Corby A0 HL IR 22 (/b B Reducing error  60.0%  84.4%  92.6%  95.3% 96.8% 97.4% 98.1% 98.4% 98.6%
maximum compared with Corby’s scheme
10 10
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Fig. 6 Source of numerical error (1075 m/s?) for new scheme on pressure gradient force (parameters as Fig. 1): (a) Error caused by

differencing truncation; (b) error caused by hydrostatics truncation
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