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Abstract This paper mainly focuses on numerical weather prediction problem in the steep
orographic region of China. The step terrain vertical coordinate (known as Eta) is introduced into
the dynamic core of Weather Research and Forecasting model (WRF) to improve numerical
forecasting in the complex orographic region. We design atmospheric column mass transformation
scheme to give the Eta WRF core the same formulation of model equation system as the Sigma
WREF core, which can facilitate the discretization and programming. The design of step terrain
follows the computational scheme of Advanced Regional Eta-coordinate Model (AREM)
including introduction of the reference atmosphere, adoption of mesh descriptive indicators and
representation of the step mountain. We carry out 2D idealized mountain wave simulation and 3D
real-case experiments to test correctness and robustness of the new dynamic frame. It is also
indicated that the inherent isolation of the step topography can result in the airflow separation,
which accounts for inadequate simulation of the mountain wave with coarse vertical layering



using the new Eta-coordinate WRF core. Fortunately, the mountain wave simulation will be
improved using the new dynamic frame either with fine vertical resolution or with long simulation
time, which is believed as alleviation on the airflow isolation of the step mountain.
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Fig.1 The step mountain height (m) a), and the 2D-mesh indicators of step coordinate model ksh
b), ksu c) and ksv d).
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Fig.2 The 3D-mesh indicators of step coordinate model, a) mph, b) mphi, ¢) mpu, and d) mpv. The
shaded area shows grid points are below the step mountain, with zero values for mph, mphi, mpu
and mpv.
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Table 1 The original WRF (Sigma coordinates) configuration for mountain wave simulation (control
experiment)
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Table 2 The configuration for comparative experiments with Eta coordinates
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Fig. 3 The structure of mountain lee wave from EXPO1: a) potential temperature anomaly (K), b) pressure anomaly
(Pa) and c) vertical velocity (m/s)
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Fig. 6 Same as Fig. 3 but from EXP04
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Fig. 7 Same as Fig. 3 but from EXPO05
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Table 3 The numerical experiment scheme for simulation on evolution of westerly trough in
the North American Continent
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Fig. 8 The model terrain height (m): a) the original Sigma coordinate core, b) Eta coordinate core
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Fig. 9 The 12h-simulated horizontal velocity across 329 (m/s): a) Eta coordinate core, b) the original Sigma
coordinate core
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Fig. 10 The 24h-simulated horizontal wind at 500hPa (m/s): a) Eta coordinate core, b) the original Sigma
coordinate core
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Table 4 The numerical experiment scheme for simulation on continental weather systems in
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HEFIE T BT R

A NCAR 5 JF A AL 3 B o6 Hh

WG %A FNL 7>Hrig Al (0~30km)

AR 20km

BETE 109E~144.7FE, 15N~44.7N, 0~30km
RGPS 120s

SRS 2012 4F 7 F1 21 [ 0000UTC 24K, iZ1T 12h
iz 5+ e MR, a6 B R EE

LYiEL by 7

5.2.2 BRI

11 25 Eta ARPRFTHESON v O RERHE 2 @ e R G BN ER, I it A7 LE
. W 700hPa X3 ar A AT LA Y, FE R m i DXk, BB S LT R X, 1234 0 A



& 11 Eta AAFRFTHELZLAEFUR 6h 700hPa KUK E (a) M FNL 2473 (b) (Bfr: m/s)

Fig. 11 The 6h-simulated horizontal wind at 700hPa (m/s): a) the Eta coordinate core simulation, b) the analysis
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Relation between 3D—mesh and topo. for hill2d_x
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12h-simulated velocities at 32N
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24h—simulated wind vectors at 500hPa(m/s)
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700hPa wind vectors at 6h(m/s)
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Fig. 11 The 6h-simulated horizontal wind at 700hPa (m/s): a) the Eta coordinate core simulation, b) the analysis



