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1 Introduction

A Local Forecast Model (LFM) is used to provide
short-range forecasts for disaster mitigation and
aviation safety as part of the JMA’s operational
regional NWP systems (JMA, 2019). This report
provides a brief overview of an LFM upgrade from
the previous version (LFM2003) to the new version
(LFM2103), which went live on 31 March 2021.

2 Increased Vertical Resolution

LFM2003 employed hybrid terrain-following verti-
cal coordinates with the lowest model level height
of 20 m. In LFM2103, the number of vertical levels
is increased from 58 to 76. The vertical coordinates
of the new model have more levels in the Planetary
Boundary Layer (PBL) than the old one, with a
lowest model level height of 10 m. The increased
vertical resolution of LFM2103 allows better repre-
sentation of surface flux and subgrid turbulent mix-
ing in the PBL.

3 Physics Updates

The various physical parameterisation develop-
ments in LFM2103 provide significant improvement
in predictive skills over LFM2003 as outlined below.

3.1 Cloud Fraction

LFM2003 was affected by negative bias in Outgo-
ing Longwave Radiation (OLR) in comparison to
satellite observation as a result of upper-level cloud
fraction overestimation. LFM2103’s new cloud frac-
tion scheme based on Wilson and Ballard (1999) re-
duces ice water content in mixed-phase cloud and
ice cloud coverage, thereby reducing OLR biases.

3.2 Turbulent Mixing

The mixed subgrid scale (SGS) vertical transport
scheme proposed by Moeng et al. (2010) was in-
troduced in LFM2103. In this scheme, the vertical
SGS fluxes are represented by an LFM PBL scheme
and a modified Leonard term given by

Lϕw =
KL
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where ∆x and ∆y represent horizontal grid spacing
of 2 km, ϕ̄ represents grid scale variables such as
potential temperature and specific humidity, and w̄

Figure 1: 2D simulation of the Leonard term for potential tem-
perature (K m s−1) given by Eq. (1) based on idealised deep
convection with atmospheric profiles initialised in a TRMM-LBA
experiment. Black lines denote vertical velocity (m s−1).

Figure 2: Surface heat flux calculated using the stability func-
tions of Beljaars and Holtslag (1991) (black lines) and Gryanik
et al. (2020) (red lines) in a stable boundary layer. The horizon-
tal axis denotes potential temperature differences between the
lowest model level and the surface.

represents grid scale vertical velocity. KL is set as
4 based on Verrelle et al. (2017). The Leonard term
represents unresolved vertical transport of heat and
moisture in deep convection. Figure 1 shows an
example of the Leonard term simulated in two-
dimensional (2D) idealised deep convection. Up-
ward SGS heat fluxes based on the Leonard term
(Lθw, where θ is potential temperature) are repre-
sented adjacent to the updraught peak, resulting in
reduced grid scale vertical transport.

3.3 Surface fluxes

In LFM2003, stability functions proposed by Bel-
jaars and Holtslag (1991) (BH91) were used in both
stable and unstable boundary layers. For stable



Figure 3: Score difference between LFM2103 and LFM2003 with
verification against precipitation based on radar/raingauge pre-
cipitation analysis, and synoptic and radiosonde series obser-
vation from the experiments conducted in summer (27 June to
8 July 2018; left) and winter (16 January to 27 January 2018;
right). Rows represent ETS and RMSE differences for particular
parameters, and columns represent forecast ranges from initial
to 10 h (T+10). Blue boxes represent increased (reduced) ETS
(RMSE) (i.e., improvement), whilst red boxes represent degra-
dation. The area of filled boxes denotes significance, and solid
outlines denote statistically significant differences.

boundary layers (SBLs) in LFM2103, the function
proposed by Gryanik et al. (2020) (GLGS) was
adopted. Figure 2 shows fluxes diagnosed with the
stability functions of BH91 and GLGS in an SBL.
The GLGS scheme reduces downward heat trans-
port as compared to BH91, thereby mitigating ex-
cessive cooling of near-surface air in the SBL.

3.4 Land surface

Ancillary data related to land-surface properties
were also significantly changed from the source data
used in LFM2103. (i) Thermal roughness lengths
over urban surfaces were reduced based on Kanda
et al. (2005), and (ii) land surface albedo clima-
tology was updated based on the MODIS Terra
and Aqua gap-filled snow-free product. For (ii),
most land-surface areas in LFM2103 are darker
than those in LFM2003, and (i) and (ii) together
achieve a better diurnal cycle for surface tempera-
ture. The new model incorporates a subgrid vege-
tation cover fraction (VCF) supporting accurate la-
tent heat fluxes over non-vegetation surfaces. The
maximum green vegetation fraction product devel-
oped by Broxton et al. (2014) was applied as the
VCF for LFM2103.

4 Evaluation

Figure 3 summarizes the differences in equitable
threat scores (ETSs) and root-mean-square errors
(RMSEs) between LFM2103 and LFM2003 from
NWP forecast skill evaluation. The ETS for rainfall
amounts was calculated against radar/raingauge-
analysed precipitation, and the RMSE for each
field was calculated against synoptic surface and

radiosonde observations. Significant improvement
in precipitation and near-surface diagnostics is ob-
served, especially for 1.5-m temperature and 10-m
wind speed. There are also improvements to tem-
perature at 300 hPa, primarily due to reduced ice
cloud fractions. The degradation of lower atmo-
spheric humidity in summer from overestimation of
moisture fluxes over the ocean and semi-arid regions
in China needs to be tackled in future configura-
tions.
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