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Introduction
• The Japan meteorological agency (JMA) has been improving the Global Spectral 

Model (GSM), which is in operation for short- and medium-range global forecasts
(JMA, 2020).

• We are simultaneously improving the convection scheme and the sea surface 
scheme to reduce the interrelated systematic errors in GSM. This presentation 
shows our currently developing schemes in order to achieve this objective.

• The current GSM has the following systematic errors:
➢ The error in precipitation on the surface compared to Global Satellite Mapping of 

Precipitation (GSMaP; Kubota et al., 2020) product are characterized by too much 
spread over tropical oceans and too weak intensity (Fig. 1). Also, the global 
mean precipitation amount is excessive in most cases.

➢ The atmosphere is too cold in almost all layers of the troposphere (Fig. 2) and too 
dry over the ocean in the middle and lower troposphere.

➢ The top-of-the-atmosphere outgoing longwave radiation (OLR) is excessively
emitted by up to 30 W/m2 in the monthly mean, mainly in areas of high convective 
activity, compared the Earth’s Radiant Energy System (CERES) Energy Balanced 
And Filled (EBAF) product (Fig. 3).
✓ Related to shortage of cloud ice in the upper troposphere, particularly in areas 

of high convective activity (Okamoto et al., 2021).
➢ The ocean surface latent heat (LH) and sensible heat (SH) fluxes from the 

surface to the atmosphere are too much in the inactive convective regions 
compared to the Objectively Analyzed air-sea heat Fluxes (OAFlux; Yu et al., 2008) 
products (Fig. 4).

Experiments

〇 TEST1 (convection scheme)
Overview of the convection scheme used in GSM.
• A spectral mass flux scheme based on Arakawa and Schubert (1974) and Moorthi

and Suarez (1992) considering ice phase and simple microphysics (e.g. a Kessler-
type auto conversion of rainfall). This scheme also uses a correction that converts 
the cloud water/ice detrained from the top of each cumulus into precipitation with 
an artificially given ratio.

• Prognostic closure based on Randall and Pan (1993) and Pan and Randall (1998) . 
The upward mass flux production term in the prognostic closure has a positively 
correlated dependence on the representative relative humidity between cloud base 
and cloud top.

• A triggering (suppressing activation of the convection scheme) mechanism using 
DCAPE concept (Xie and Zhang 2000).

Modifications
• The threshold cloud water content for the auto conversion was adjusted form 

0.1g/kg to 0.5g/kg. In addition, the detrained cloud water/ice conversion ratio was 
decreased to about 0.6 times. These adjustments increase the amount of cloud 
ice (hence decrease OLR).

• The definition of representative relative humidity in the upward mass flux 
production term was changed so that the production term is more sensitive to the 
relative humidity in the middle troposphere to suppress the excessive spread of 
weak precipitation.

• The DCAPE triggering was removed to reduce spurious ‘grid-point storms’.

〇 TEST2 (sea surface processes)
• Surface fluxes are represented with bulk formula based on the Monin–Obukhov

similarity theory, and roughness lengths are calculated with the method of Beljaars
(1995) and Charnock’s relation (Charnock 1955).

Modifications added to TEST1
• The simply treated proportional coefficient in the roughness length formula for heat 

was reduced from 0.62 to a more appropriate value of 0.4. 
• The free convection velocity scale as the correction term for the surface wind speed 

in the bulk formula was reduced because it had been adjusted to be large to 
increase the surface fluxes. 

Results

〇 TEST1
• The mid-tropospheric humidity-sensitive closure and the elimination of the DCAPE 

trigger resulted in a narrower precipitation area over the tropical ocean and 
increased the precipitation intensity (Fig. 5).

• Increased the amount of cloud ice mitigated the excess OLR bias in the convective 
active regions (not shown). On the other hand, a large warm temperature bias was 
occurred in the upper troposphere (Fig. 6). Mitigation of the OLR bias revealed 
existence of error compensation in GSM.

Conclusions
• The small amount of cloud ice is one of the causes of excess OLR and cold 

temperature bias, which is compensated for by excess precipitation and heat supply 
from the ocean surface. This cloud ice bias seems to be related to the detrainment 
and the auto-conversion process in the convective scheme.

• Since the temperature error is rather worsened by the modifications of convection 
scheme only, it is necessary to reduce the biases in sea surface fluxes simultaneously.
This suggests the importance of disentangling and understanding error 
compensation.

• Even though after the simultaneous improvements, the cold bias in the boundary layer 
and the dry bias in the troposphere still remain. Mitigating them are the next step. 
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〇 TEST2
• The excessive latent heat and sensible heat flux bias over the ocean was mitigated 

by reducing the exchange coefficients and surface wind speed in the bulk formula 
(Fig. 7).

• Decreased water vapor supply from the sea surface weakened the convective 
activity and mitigated  the high temperature bias in the upper troposphere seen in 
TEST1  (Fig. 8). The LH bias would have compensated the current cold 
temperature bias resulting from the radiation–convection scheme interaction.

• Similar to TEST1, TEST2 also kept  the mitigation of the excessive OLR bias (Fig. 9).
Fig. 1. 6-hour accumulated precipitation (mm) valid at 12
UTC 02 July 2018 for (a) GSM 12-hours lead time 
forecast, (b) GSMaP.
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Fig. 2. Monthly mean temperature errors (K) vertical 
profile over the Tropics against radio sonde observations 
(Jan. 2020).

Fig. 5. 6-hour accumulated 
precipitation (mm) valid at 12 UTC 
28 Aug. 2019 for (a) CNTL 48-hours 
lead time forecast, (b) TEST1 
forecast, and (c) GSMaP.
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Fig. 6. Monthly mean temperature 
errors (K) vertical profile over the 
Tropics against radio sonde 
observations (Jan. 2020). Red line 
represents the mean errors for 
operational GSM (CNTL), and blue 
line represents the result for TEST1.
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Fig. 3. Monthly mean OLR errors (W/m2) 
against CERES (Jan. 2020).
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Fig. 4. Monthly mean latent heat (a) and sensible heat (b) errors (W/m2) 
against OAFlux (Jan. 2020). 
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Fig. 9. Monthly mean OLR errors 
(W/m2) against CERES (Aug. 2019) in 
TEST2.

Fig. 8. Monthly mean temperature 
errors(K) vertical profile over the Tropics 
against radio sonde observations (Jan. 
2020). Red and blue lines represent the ME 
for TEST1 and TEST2, respectively.
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Fig. 7. Monthly mean latent heat (a) 
and sensible heat (b) errors (W/m2) 
against OAFlux (Aug. 2019) in TEST2 . 
(c), (d) are the difference between 
TEST2 and CNTL for LH and SH, 
respectively.
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