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1. Introduction 

In March 2014, the Japan Meteorological 

Agency (JMA) began operation of an upgraded 

Global Spectral Model (GSM: JMA 2013) with 

more vertical levels and a higher top level. The 

parameterization schemes for variables such as 

the boundary layer, radiation, non-orographic 

gravity waves and deep convection were also re-

vised to improve the representation of atmospheric 

characteristics. This report briefly outlines the 

specifications of new vertical layers, parameteri-

zation improvements and verification results in 

relation to the upgrade. 

2. Vertical layers 

 The number of vertical layers was increased from 

60 to 100, and the pressure of the top level was 

raised from 0.1 hPa to 0.01 hPa. Table 1 compares 

the specifications of the new and old models, and 

Figure 1 compares their vertical layer distribution. 

The vertical resolution was increased at all eleva-

tions to reduce truncation errors caused by finite 

differentiation and to improve atmospheric verti-

cal structure representation. In particular, more 

layers were applied mainly in the upper tropo-

sphere and the lower stratosphere to improve 

forecast accuracy for the troposphere and strato-

sphere, respectively. The main purposes of raising 

the model top were to allow the assimilation of 

more satellite observations with sensitivity for the 

middle atmosphere and to reduce the effect of 

pseudo-reflection from the model top in the strat-

osphere. In this connection, second-order linear 

horizontal diffusion was applied in the divergence 

equation and enhancement of fourth-order linear 

diffusion in the sponge layer around the model top 

was stopped. 

3. Parameterization improvement 
a. Boundary layer 

Surface exchange coefficients based on the 

Monin-Obukhov similarity theory (Beljaars and 

Holtslag 1991) were introduced for bulk exchange 

formulation of land surface fluxes, and the vertical 

diffusive coefficients in the stable boundary layer 

were revised (Han and Pan 2011). These changes 

improved wind fields and diurnal cycles of tem-

perature variation in stable conditions. 

b. Radiation 

A new long-wave radiation scheme based on a 

two-stream absorption approximation radiation 

transfer method (Yabu 2013) was introduced to 

improve the accuracy of the heating rate in the 

middle atmosphere and reduce computational cost. 

In the new long-wave radiation scheme, absorp-

tion relating to atmospheric molecules is calcu-

lated using a k-distribution approach. Despite the 

increased number of vertical levels, the computa-

tional cost of radiation was reduced. 

Bare ground albedo parameter distribution was 

adopted instead of a globally uniform albedo, 

which substantially reduced mean errors of clear 

sky radiative fluxes near desert areas. 

c. Gravity waves 

Non-orographic spectral gravity wave forcing 

parameterization (Scinocca 2003) was introduced 

to replace Rayleigh friction in the forecast model in 

order to improve the middle atmospheric climate 

and representation of long-term oscillation (such 

as the quasi-biennial type) in the tropical lower 

stratosphere. 

d. Deep convection 

In the convection scheme, the energy correction 

method was adjusted to the new vertical levels. 

This mitigated extreme drying in the upper trop-

osphere and improved large-scale circulation and 

precipitation distribution over the tropics. 

4. Verification results 
An experiment was conducted to evaluate the 

upgraded GSM’s performance, including the im-

pacts of improvements in data assimilation con-

siderations such as the GNSS radio occultation 

bending angle (incorporating high-altitude data up 

to 0.1 hPa), AMSU-A 14 ch (with a sensitivity peak 

near 2 hPa) and ground-based GNSS zenith total 

delay. Although the revision of data assimilation 

and the increased number of vertical layers were 

not negligible, the parameterization improve-

ments were the principal for forecast accuracy in 

the subsequent discussion. 

Figure 2 shows profiles of mean errors (ME) and 

root mean square errors (RMSE) against the 

analysis for 11-day forecasting of geopotential 

height. The verification region is the whole globe, 

and the trial period is six months. The GSM im-

provements reduced ME and RMSE values for 

most pressure levels and all forecast times. Over-

all improvement was also found in forecasts of 

other elements such as global mean sea level 

pressure and 850/250-hPa vector wind in the ex-

tratropics. 

 Figure 3 shows that tropical cyclone track forecast 

errors for four regions are all reduced with the 



upgraded GSM. Further verification indicates that 

the new model’s performance for cyclone identifi-

cation is better than that of the old version. 
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Fig. 1: Distribution of vertical layers: old model (left) 

and new model (right). The vertical coordinate system is 

based on Eta (sigma-p hybrid) coordinates (Simmons 

and Burridge 1981, Simmons and Strufing 1983) and 

the bottom half level is the surface. Solid and dashed 

lines show full and half levels, respectively. 

 

Table 1: Model specifications 

 Old New 

Horizontal  

resolution 
TL959 

Vertical levels 60 100 

Model top [hPa] 0.1 0.01 

Time step [sec] 600 400 

 

 
Fig. 2: Profiles of new MEs (left), old MEs (center) and 

RMSE differences (new – old, right) for geopotential 

height [m]. The reference values are the respective 

analysis results, and the verification region is the whole 

globe. The trial periods are six months for JAS 2013 

(top) and DJF 2012/3 (bottom). Each line shows the 

result of a forecast time from FT = 0h to FT = 264h at 

24-hour intervals. 

 

 
 

Fig. 3: Tropical cyclone track forecast errors for four regions (Northwestern Pacific, Northeastern Pacific, Atlantic, 

Southern Hemisphere). References are JMA best track and NOAA b-deck data. Red and blue lines show the track 

errors of the new and old models respectively (left axis), and each point shows the number of samples (right axis). 

Error bars indicate the two-sided 95% confidence interval. 


