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1. Introduction — New Version of JMA GSM is going to be in operation

Japan I\/Ieteorological Agency (JMA) IS going to implement d NEW  T1aple 1. Specifications of the JMA operational medium-
version of the Global Spectral Model (GSM) in a few months. This range deterministic NWP model (red : upgraded).
update includes (i) extending the model layers, (ii) raising the orizontal Resolution TL959
model top height (Tablel and Figure 1), (iii) implementing various

_ . . . . Vertical Levels L60—>L100
improvements in the forecast model, and (iv) introducing new
observations into the data assimilation system. Model Top Height [hPal 0.1>0.01
Motivations for increasing the number of model layers and raising  Time step [sec] 600->400
model lid are as follows: 84hr(00, 06, 18UTC)
. . . . Forecast Range [hr] 264hr(12UTC)

BIimproving the representation of atmospheric vertical structure r
and the atmospheric processes oL
BUsing satellite channels that have sensitivity for the middle -
atmosphere in data assimilation =
N i i | Figure 1. Vertical levels of

mproving accuracy of forecasts in the both troposphere and | ~ current (left) and upgraded GSM
stratosphere | (right).
In this presentation, summary of upgraded GSM (Section 2 and 3) =

and its performance (Section 4 and 5) are presented.

60 L100
N CNTL-CERES TEST(revised-albedo)-CERES
2. Major Changes of the Forecast Model
Bintroducing the Monin-Obukhov similarity theory in TS e v v A I e T o W

surface flux scheme over land

B Revising a stable boundary layer scheme
—>Improving wind fields and diurnal temperature
variation in stable conditions

Aug. 2012

BRevising albedo parameters in the desert areas (Figure Z)N

—>Reducing clear sky radiation biases S

Bintroducing two-stream approximation for long wave 5

radiation scheme

—>Accelerating radiation code and improving the middle

atmosphere temperature structure Figure 2. Monthly averaged difference of top of atmosphere clear

Bintroducing a non-orographic gravity wave forcing oKy Upware (Slzft;tc“,\'laT"LegE‘S'Eastfn” dfl‘;ixf [W/mr] between GSM FT6
. ght) TEST-CERES.

scheme in the forecast model CNTL TEST(revised-convection)

HOO7 —Cntl—2013sum 200hPa Velocity potential day=%9 L100—Ef=v7—=2013sum 200hPa Velocity potential day=9

—>Improving the middle atmosphere climate and
representation of long-term oscillation in the tropical
lower stratosphere such as QBO (Section 4)

BChanging the application criteria of energy correction
terms in convective parameterization

—>Improving general circulation and global precipitation
distribution (Figure 3)

BApplying 2nd-order linear horizontal diffusion in the
divergence equation and adjusting 4th-order linear
diffusion as a sponge layer around the model top region

—>Improving the middle atmosphere forecast accuracy Figure 3. Velocity potential (top) and stream function (bottom)
[m?/s?] at 200hPa. Averaging period is Jul-Aug 2013. Contours

indicate day 9 forecast fields and shaded areas indicate mean
error (day 9 forecast fields — analysis fields). Ty,

e
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3. Introduction of New Observations and Revision of Data Usage in the Analyvsis

BAssimilating AMSU-A channel 14 (new use)
BAssimilating GNSS-RO bending angle data at the
altitude up to 60km (currently, refractivity data up to
30 km) (Figure 4)

—>Correcting errors in the sparse observation data
areas such as stratosphere and lower mesosphere
BAssimilating ground-based GNSS-ZTD (Zenith Total
Delay) data (new use) (Figure 5)

—>Providing accurate moisture profile of initial state
over the Japan, Europe and the USA
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Figure 4 HEIght Iatltude Cross section Figure 5. Data coverage of ground-
of assimilated data points. (top) GNSS- based GNSS-ZTD data.
RO refractivity, and (bottom) GNSS-RO

bending angle. Light-cyan colored
points indicate GNSS-RO data.

4. Improved Middle Atmosphere Climate through a Non-Orographic Gravit
Wave Forcing Parameterization

To achieve better forecast performance

w/ NGF w/o RF

OO 6— NGWD woRF— JSOS J

w/o NGF w/ RF

L100v6—woNGWD—wRF—woJS05 Jan

SPARC

SPARC_TI159L100 Jan

in the middle

atmosphere, a non-orographic gravity wave forcing scheme
(NGF) by Scinocca (2003) is introduced and it replaces Rayleigh =
friction (RF) in the forecast model. A six-year integration using g ’
low horizontal resolution version (TL159L100) shows upgraded &
GSM successfully reproduces QBO-like periodic zonal wind :
oscillation in the tropical (Figure 6). However, its period is #ioegm=e= BN\l cd AN dbma/ |
shorter and amplitude is weaker than that of ERA-Interim (Dee I SN ‘F
et al.,, 2011). The middle atmosphere climate of upgraded GSM
shows realistic meridional temperature gradient and zonal wind &
structure in the middle atmosphere (Figure 7). 5
ERA-Interim w/ NGF w/o RF w/o NGF w/ RF o
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Figure 7. Zonal mean temperature (shaded) and zonal wind
(contour) climatologies from TL159L100 six-year integration.
January (top) and, July (bottom). (left) SPARC (Randel et al.,
2004), (middle) GSM with NGF, (right) GSM with RF.
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Figure 6. Time-height plots of zonaIIy averaged zonal wind averaged over 5S-5N. (left) ERA-
Interim, (middle) GSM with NGF, (right) GSM with RF.

5.Total Performance

Upper Air Verification Scores
B In extratropics, forecast performance improves

Tropical Cyclone Track Forecasts
B Upgraded GSM reduces tropical cyclone track
forecast errors in all regions.

Slgnlflca ntly, North-Western Pacific North-Eastern Pacific
Normalized Score (against Initial) ~ Compare L100_v7_2013sum(TEST) to H007_Cnil_2013sum(CNTL) W — F 520 500 - 220
Period: 2013 07/01 - 2013 09/30 — Global - N. Hem. fr vy F v v vy v v v v v v v v v v v
_ Test:L100_v7_2013sum ; Cntl : HOO7_Cntl_2013sum —— Tmplcs - S.Hem. > N 4 2 ¥ Y ¥ ¥ ¥ ¥V ¥V ¥ ¥ vV ¥V ¥V vV vV ¥ 200
£ ' pEn * ' ' | 4 ‘—_'—'q'_';?“‘r- » ] . j%g 400 7 - 180
: a , SRR S . . 300 - d d 380 | - 160
: ; —1 Figure 8. Comparisons E | Upgrade i 2 E_ 2
E-: -a - . . o . E _ 300 & E 300 5 1F 5
g_n ; ) of upper air verification 3 .,] current R 120 3
o o 72 Tad 26 0 72 T § . 240 E E - - 100 E
o ZEEEEE ' ] scores against analysis 3§ - 20 5 g 20 g E
2. : ﬂ = f=="" petween upgraded GSM ™ with bogus 126 0| without bogus -
= af af 2 |- - : JMA-Best Track - 80 NOAA b-decks’ !
. . s oot e o . 1 P oo b 20
-6 & — & & — &L — - & - — a nd Cu rre nt GSM for . : 6/21/2013 - 9/11/2013 s %g . | 6/21/2013 _ 9/11/2013 i .
i ' iti C 00_v7_2013win(TEST) to HO07_Cntl_2013win{CNTL - Y1 ' & 4 o 72 8 ' ' ' & 4 0o 7 8
IT\JZﬂ'lzllze?djcgﬂfe iglga;::: Lm:li}m,,-':gﬂ;fg”% DT NI ERTY R HI eﬁé : 1 j'l.r_lﬁ{g e ) Jun Sep 2013 (top) and 0 12 24 Fm;ﬁsﬁmmeium} 60 72 84 0 12 24 Fm:ﬁﬁﬂﬁ;ﬁﬂﬁ} 60 72 84
_ est : _wT win ; : _Lnfl In == | FOPICS — 2. Nem.
s s s me e e : ‘T Dec-Feb 2013 (bottom).
: — Lines over vellow (gray) Atlantic Southern Hemisphere
" . y g y 500 T — ' 500 _— " 260
E_, rrrrrrrrrrrrrrr :} 160 P v v v v v v v v v v v v v Tl_ 540
> background area mean v v v v v v v v v v v vy D AR AR A A A A A S A - o0
E': il 400 140 400 [
i upgraded GSM shows . e
E . | 3 2 ¥ {2
better (worse) scores % 00 & 5 %0 10 2
- B SEETEEERET] BRIy e than current GSM. 05 3 T120 5
a 32 e o 3 W e o T L o T R a T = 200 = = 200 - 100 E
PSEA T850 Z500 Wspd850 Wspd250 3 _ 60 3 : - !
o . . o ! - 80
without bogus 40 without bogus L 60
100 100 5
References | NOAA b-decks L —: NOAA b-decks [ 40
Dee, D. P et al., 2011, The ERA-Interim reanalysis: configuration and performance of the data assimilation system. | 6/21/2013-9/11/2013 | ) 12/21/2012-2/11/2013 [ ©
0 b—m— . — — 1 0 S , b R b
Q.J.R. Meteorol. Soc., 137: 553-597. 0 12 24 36 48 60 72 84 ’ 0 12 24 36 48 60 72 84 ’
Forecast Time (hours) Forecast Time (hours)

Japan Meteorological Agency, 2013, Outline of the Operational Numerical Prediction at JIMA.

Randel, W.J. et al., 2004, The SPARC Intercomparison of Middle Atmosphere Climatologies. J. Climate, 17, 986-1003.
Scinocca, J. F.,, 2003, An Accurate Spectral Non-orographic Gravity Wave Drag Parameterization for General
f{ Circulation Models. J. Atmos. Sci., 60, 667—-682.
N—

Japan Meteorological Agency

Figure 9. Tropical cyclone track forecast errors. Bogus data usage best
track data and verification periods are shown in figures.
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