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A GEM/Climat version with meso-global physics
Bernard Dugas,RPN, and Katja Winger, UQAM

Abstract:

We present the results obtained with the climate version of GEM when the meso-
global physics options are activated. As some of these are resolution dependant, the
code can not be used as is and the modifications are discussed. Finally, preliminary
results obtained when adding the CCCMa's "Correlated-K" radiation code to the
new model version are presented.

Dorval, March 23 2005
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Part 1: Were are we coming from ?

A short review of previous results from long simulations of
GEM/Climat in the AMIP2 and SGMIP experimental

frameworks.

AMIP2 Model configuration: SGMIP Model configuration:

- 11-month spinup, starting in January 1978, - 11-month spinup, starting in January 1986,
ending in September 2000 ending in March 1999.

- GEM/DM (Distributed Memory mode, v3.01+) - The grid resolution varies from 0.45° over NA
- 60 hybrid vertical levels, model top at 2 hPa (North-America) to 1.8° elsewhere. The grid

- 1.5° uniform horizontal resolution expansion parameter is about 7% and occurs over

- 2700 second timestep 20 grid points. See the grid figures below.
- 60 Hybrid vertical levels with a model top at 2 hPa.
- 1350 second timestep.

Both of these use a physics configuration that is very close to that
of our current long-range global forecast model, except for ISBA
which was used over North-America
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Zonal average of menthly mean precipitation [mm/day]

multi year mean, January

global average
121 AMIP2, 22 years 3.08556
SGMIP, 1B years 3.23583
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global average
1241 AMIF2, 22 years 3.28579
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(1979-2000)
g302r053, annual

solar

(1987-1999)

sgmiprC1, annual
era40, annual (1979-2000)

planetary terrestrial

radiation TOAS albedo radiation
S59.76 340.0%F 108.02 101.12 231.74 238.91 0.532 0.30 245,57 24B5.58
- - 237 .46 - 244 BO
N 444 u S .
F) e
A/ _
188.86 187.41
'/
79.11 76.88 4 190.93
B1.66 Fi
precipitation \
81.07 95,15
87.91
i A A
b J
152.63 162.03 97.33 9634 11.36 12711 5671
155.80 82.40 15.67 D387
solar latent sensikle terrestrial
radiaticn heat flux heat flux radiation

earth
residuum
-1%83 -7.&7

—7.34

atmeospheric
residuum

—-7.32 —-2.87
—5.69

water
residuum

—E&.26 -1.19
5.51

—12.77 —-5488

3.86
aurface
reaiduum



Part 2: Were are we now ?
(in collaboration with Stephane Belair, Michel Roch and Anne-Marie Leduc, ef al.)

The next version of GEM 1n climate-mode will be used at horizontal
resolutions ranging from 35km (LAM and Streched-grid mode) to
165km (1.5° AMIP2 mode). We want the model to use nearly the
same physics configurations at all resolutions. Note that the test were
done with an older meso-global configuration (Dyn v3.1.1, Phy v4.0).

What was tested here (with sets of 2-year simulations):

v Smaller Kain-Fritch deep convection trigger parametre values,
i.e.0.01 @ 1.5°,0.013 @ 1.2° and 0.016 @ 1° (0.05 @ 0.45°)

v 240X120 (13), 300x150 (2) and 360x180 (6) uniform resolutions

v ISBA land-surface scheme everywhere in all simulations

v Climate-mode setup (AMIP2 monthly SST and sea-ice)
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What mechanisms determine the temperature and position of
the tropical tropopause layer (from Kuang and Bretherton, JAS Decembre 2004)

Using a CRM to simulate conditions over the ITCZ, the
authors show that these statistics are the results of three
equilibrating processes, namely...

> Adiabatic cooling by deep convective events (fast time scale) (A)
> Adiabatic cooling by large scale rising vertical momentum (B)
> Radiative heating (10-day time scale) (C)
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Prezssure [hPa]

DIJF
1978-79

JJA
1978-79

Zonal mean stream function [kg/s]*1e—9, DJF JJA 78/79

Resolution| Kfctrig PC [mm/d] AE [mm/d] PR [mm/d] T (trop.) [°C] U (trop.) [m/s] A
Winter Summer [kg/s]*10°
ERA40 n/a 117 1.53 2.70 -81 43 31 244
1.0° 0.05 0.95 1.63 2.58 -100 47 34 285
1.2° 0.05 0.68 1.65 2.33 -102 47 35 291
1.5° 0.05 0.70 1.81 2.51 -110 48 35 316
Resolution| Kfctrig PC [mm/d] AE [mm/d] PR [mm/d] T (trop.) [°C] U (trop.) [m/s] AY
Winter Summer [kg/s]*10°
ERA40 n/a 1.38 1.59 2.97 -78 41 21 302
1.0° 0.05 0.85 1.73 2.58 -97 48 20 369
1.2° 0.05 0.66 1.72 2.38 -98 46 20 380
1.5° 0.05 0.77 1.65 2.35 -104 51 22 421
ERA 40

GEM 1.5 degree, kfctrig 0.05
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From the Time-mean/Zonal-mean continuity equation in pressure
coordinate, we can define the mass-streamfunction v such that

g 0F and [@|]=——& 0¥y

[V]:Znacos(eb) 0P 2ma’cos(d) 0P

¥ can thus be retrieved from the vertical integral of [v].

Last 2 weeks 1n January 1978, GEM/Meso-global
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o 240x120 - 2 year simulation — kfctrig = 0.05
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The current 15 km regional system and its close cousin the 24 km, use
trigger-based convection parameters, 1.e. KFCTRIG=0.11 (15 km after 6
hours) and WKLCL = 0.07 (24 km).

So, assuming the same relationship between the trigger value and a
model's resolution, i.e.

trigger * resolution = 1.7

Then, appropriate values for KFCTRIG are as defined 1n the following
table for the respective horizontal resolutions. At 0.45°, this value 1s 0.03.

Resolution| Kfctrig PC [mm/d] AE [mm/d] PR [mm/d] T (trop.) [°C] U (trop.) [m/s] AY,,
Winter Summer [kg/s]*10°
DIJF, 2 seasons 1.0° 0.016 1.51 1.18 2.69 -98 45 37 257
1.2° 0.013 1.46 1.15 2.61 -97 45 36 268
1.5° 0.01 1.58 1.04 2.62 -97 46 37 272
Resolution| Kfctrig PC [mm/d] AE [mm/d] PR [mm/d] T (trop.) [°C] U (trop.) [m/s] AY,,
Winter Summer [kg/s]*10°
JJA, 2 seasons 1.0° 0.016 1.51 1.16 2.67 -94 44 17 322
1.2° 0.013 1.40 1.16 2.56 -96 48 17 329
1.5° 0.01 1.54 0.97 2.51 -94 47 19 322




Part 3: Were are we going ?
(in collaboration with Paul Vaillancourt and Donald Talbot, et al.)

We now discuss results from a last set of 2-year runs of the v3.2.0
dynamic and the v4.2 physic packages. This final configuration 1s
very close to the current meso-global configuration; the remaining

differences are:

v Same Kain-Fritch deep convection trigger as in the previous section
v New CCCma correlated-K radiation (used in 3 runs) @ 1.5°

v Precipitating shallow-convection (used in 6 runs) @ 1.5°

v Climate-mode setup (AMIP2 monthly SST and sea-ice)
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WITH shallow convection PCP
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o Geopotential at 500 hPa, DJF 78/79
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Global annual Energy Budgets, 1978/79

newrad, no shallow convection newrad, with shallow convection
cccmarad, with shallow convection

ERA 40
solar TOAS planetary terreatrial
radiation albedo radiation
334.81 334.81 9298 99.87 24B6.83 239.94 Q.27 0.29 244.05 240.92
341.45 341.37 106.06 122.47 23539 21880 0.51 0.36 240.01 233.32
- - 236.96 - 244 12
N A4 t 4 4
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P
O
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170.23 158.88 86.60 B87.48 20.14 21.26 61.48 54.64
16017 142.56 9308 9473 2215 23.24 5811 48.01
155.40 81.91 15.38 53.90
solar latent sensible terrestrial
radiation heat flux heat flux radiation

earth
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—4.62 —14.42
-7.16

atmespheric
residuum

-11.00 2.96
—-10.07 V.83
—10.15

water
residuum

-11.77 044
—-17.50 -2.17
1.22

2.01 -3.50
-12.05 -24.42
4.21

aurface
residuum



! Emvironnement  Environement

Canadi &7 5 U-Wind at 200 hPa, DJF 78/79

NO shallow convection PCP

WITH shallow convection PCP

newrad

amip240v320me {— era40)
UU at 200 hPa [m/s], DJF 78/79

BOM

J0M

EQ

35

BOS

180

1 20W BOW 0 BOE 120E 180

amip240v320ms {— erad()
UU at 200 hPa [m/s], DJF 78/79

GO

EQ

UL

G5

E’ 13, y 3 5 =
3NN -5 Ty 5 ( =10 A _5-—'EI %lﬂg; 3 T:.,—f}
I~ \gﬂ?“b- {” I 5 = 3

* £ ==
> -nny .:5‘_5.? LTI 5
RN R

ﬁ?‘b;‘!““& 57"341‘1‘%‘35_"“”(55'_ ,,;5-'

~ : 18, 2 Y, T
= 1 ~1pf ‘W_‘\k\ \\,__-._ © ‘11?’.’ \{ E«\_E -3

3 3 - Wl
{ " . £ —10 v _‘J ¥,

[}
A | -~
-5 -5 ;' . *rjﬁ . /J'U\ - —i
;=10 d s { k]

_ [ 1
£ -5T0
—b F10
5 . 5 .
- - 5 a

il ]
=20 —10 0 10 20 30 40 50 6&Q

cccmarad

amip240cccradme {(— era40)
UU at 200 hPa [m/s], DJF 78/79

R : e
S > . o 5 - g s
Bon e *vs.jsx\:{m \% i

B 10 e o Gl -
5 A 5 ‘
3on 2 = Wi % 55@'_?5;1_,.‘
=Y . eSS
g : _?‘-. . \?B;: ]\fb'm"'\r' )%
= 15 —&k
=

- 5
EQ 5 - {M M“’*‘~> =8 y %ﬁiﬁ}%\
- , -5 -1 y d‘?_ /!“(ul‘a\ ¥

- =i S s
303 ! J/J o ;lL
5 4 4}.,
- & e o
180 170W BaW 0 BOE 170E 180

amip240c¢ccradmese {(— erad0)
UU at 200 hPa [m/s], DJF 78/79

GO

J0M

EQ

UL

G5

=] ]
=20 10 0 10 20 30 40 50 &0



U= Emvironnement Environement

- Precipitation, DJF 78/79

Canada cen

=
@)
=5
=
=
N
(P
%
>
=
=
5
3
C
-
@R ¢
)
Z.

WITH shallow convection PCP
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Zonal mean precipitation

Precipitation, zonal mean [mm/day], DJF 78/79 Precipitation, zonal mean [mm/day], JJA 78/79

11- global mean 11- ﬂ global mean
newrad, no sh. conv. 2.62045 newrad, no sh. conv. IllI 2.5836

104 —— newrad, with sh. conv. 3.02548 104 —— newrad, with sh. conv. ,’\ 3.12238
¢ecemarad, no sh. cony. 2.65789 ¢cemarad, no sh. conv. ' 2.65138

— — c¢ccemarad, with sh. conv. 3.151 — — ¢cemarad, with sh. conv. | 3.28179

g Xie—Arkin 2.64778 g - Xie—Arkin ‘ 2.80351
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1978-79 Time-series (NO shallow convection PCP)

Weekly qglabal OLR energy flux at madel lid [W/m?] Weekly global temperature [Kelvin]

ERA 40  cococrmarad newrod ERA 40  cocomarad newrad
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Experiment| Season PC [mm/d] AE [mm/d] PR [mm/d] T (trop.) [°C] U (trop.) [m/s] A
78/79 Winter Summer [kg/s]*10°

ERA40 DJF 1.17 1.53 2.70 -81 43 31 244
Newrad DJF 1.59 1.04 2.62 -94 42 36 269

Cccmarad| DJF 1.56 1.10 2.66 -80 42 33 249
ERA40 JJA 1.38 1.59 2.97 -78 41 21 302
Newrad JJA 1.63 0.95 2.58 -91 46 19 306

Cccmarad JJA 1.61 1.04 2.65 -78 42 19 286




Conclusions

v The new meso-global climate-mode configuration performs well.

v Generally, the 1° version performs better than the 1.5° version !!!

v Activating the precipitating shallow-convection equilibrates the
moisture budget, but destroys nearly everything else.

v Adding the CCCma radiation fixes some of the model's largest-scale
errors both in the stratosphere and 1n the troposphere. But a cold
tropospheric bias still remains.

Thank You



