AN ENSEMBLE APPROACH TO WEIGHTING CONVECTIVE PARAMETERIZATIONS
OF THE REGIONAL MODEL BRAMS SAGU
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ABSTRACT

In this paper we consider the parameter estimation problem of weighting the ensemble of convective parameterizations implemented in the Brazilian developments on the Regional Atmospheric Modeling System (BRAMS). The inverse problem methodology is applied to BRAMS precipitation
simulations over South America for December 2004. The forward problem is addressed by BRAMS, and the ensemble of convective parameterizations are expressed by several methodologies used to parameterize convection derived from the convective parameterization of Grell and Dévenyi. The
Inverse problem is formulated as an optimization problem applying the metaheuristic Firefly algorithm (FA) to retrieve the weights of the ensemble members. The FA algorithm represents the patterns of short and rhythmic fashes emitted by fireflies in order to attract other individuals. The flashing light
IS formulated in such a way that it is associated with the objective function. The precipitation data estimated by the Tropical Rainfall Measuring Mission (TRMM) satellite was used as the observed data. The quadratic difference between the model and the observed data was used as the objective
function to determine the best combination of the ensemble members to reproduce the TRMM measurements. Sensitivity analysis was used to test the FA algorithm parameters to adjust the algorithm to retrieve precipitation observations. The tested parameters were the initial attractiveness and the
gamma parameter, which characterizes the variation of the attractiveness and is very important in determining the speed of convergence of the method. The results showed a high sensitivity to the gamma parameter variation, and the largest values resulted in the best combinations of weights,

resulting in a retrieved precipitation field closest to the observations.

Wh . d.ff. |1- 1. ' d . .'.h I\/l ETH O DO L OGY FI R E FLY A L GO R ITH I\/I Precipitation Gccumumﬁgl?g?m) 02-13 Dec 2004 Mean precipitation é?énG)EOQ—B Dec 2004 Mean precipitation (mm) 02—13 Dec 2004 Mean precipitation (mm) 02—13 Dec 2004 Mean precipitation (mm) 02-13 Dec 2004
Y |S SO l |CU n r.epr'esen C OU S ln e . o I - e | o Observed Observed Closure KF . Cloesure MC . Cl ENS
numerical models? Regional model BRAMS et o
, . Pseudo code P (L) precipriation auring o | o
Horizontal resolution: 25 km | (S 4 £0; 02 to 13 December w -
Vertical resolution: 30 levels begin | ) L R Spscfgﬁa%\gir?grethe
== — Forecasts: each 24h oojective undtion 169, ofoTr((;(fll"e"s;,Xd()' L2 o e same period (mm)
- : : INiti ulati ireflies x; (1=1, 2, ...,
e Period: 01 until 12 December 2004 at 12:00 UTC _— Hal POopUle . ! , from the MERGE
i S L , . Light intensity I; at x; is determined by f(x;) ws| 305 data w ]
E—oag, e Cumulus parameterization: Grell & Devenyi (2002) Define light absorption coefficient y 1 N
Closures: Grell (GR, 1993), Arakawa & Shubert (AS, while (t < MaxGeneration) (Number of iterations) e SR
1974), Kain & Fritsch (KF, 1992), Low-level Omega (LO, for i=1:nall n fireflies bl s e b o BT
Brow, 1979), Moisture Convergente (MC, Kuo, 1974), forj=1:dloop overalld dimensions SE—- 2 __ ' 0
Ensemble (ENS) Xél j >t_| ), Move fl_l’ef|y_|ﬂ:0c\lfyé}[rd5 J: en_d If o ‘ B NG SN | -
- . raCtiveness varies wi IStance r via expi|- yr As | "
Initial and boundary conditions: MCGA/CPTEC T126L28 Pl ¥ 1 . D o]

evaluate new solutions and update light intensity

eaCh 6h end forJ | . | | | | | | | | | | 3051 o 305
_ i e e B GR |
. . . end fOF | L :- | _: Efﬁﬂg_ 405 1 5 405
We,ghts estimation — Inverse Problems Rank the fireflies and find the current best | ] I ——— - R S o _— T P i S— SN AN b N | G
Real experimental data (TRMM) end while . . - - ST 06;708 o Mean accumulated precipitation (mm) in simulations to 24h
W 5 Po;tprocess results and visualization ———————————— ] IS W N N T A Tl using the following closures: a) AS; b) GR; c) KF; d) MC; e)
Parameterization of cumulus convection y TRMM — 1 R S S S i S S 1 e - P
: : : : i=1 Adapted of Yang (2008) Root mean square error (RMS) of the Distribution of the weights according to B P 5 = s N
N numencal m0d6|S IS reCOgnlzed as one . ' ' . _ mean precipitation (mm) over South variations in_the FA parameters. @ g’%q“ o } | ?\ - : } ' -
of the most important and complex issues e the Fiie alorithm coamare Light intensity In a simplest form America e Peemeights for ™ &\@*% K e JE \ ]
: _ : : : | the closure members of GR, MC, LO, AS and KF . P 2 205 | , s | , g
In mOdeI phySICaI parameterlzathnS (Xle Experimental tests with the FA algorithm parameters. I (X) oc f (X) » Ir — foznte _ _ L . . . _ a _/ 2 ) K/ Y )/
Parameter | initial value | final value | increment I Comparing the retrleved_ mean preC|p|tat|on with the control_ e_xpgrlment (ENS), a gal_n_by_usmg the J/ ;/ { V- )/ 4 N
et al 200 1) . 0.01 0.1 0.01 proposed methodology is verified. The retrieved mean precipitation shows less precipitation over ‘ : o s TR
" ) " B D i IPD D ] _ . _ _ . tropical regions compared with the control experiment. This pattern is better identified using the ;7 ‘ f é: f {7 ;
' ' ' Movement of the firefly i toward firefly | (brightest) difference between the retrieved mean precipitation and MERGE data and the difference between the I TR TR TR AR O
3: 1%[} l;}{.]D l;] ﬂ 1 ENS and MERGE data. In these Figures, shaded red areas are associated with overestimation of the Mean retrieved precipitation (mm), difference between the control
I I - - — | o) . - models and shaded blue areas are associated with underestimation of the models. The retrieved ' t (ENS d MERGE d bet the retrieved
Slnce a numerlcal mOdeI cannot represent the G 10 100 10 X =X 1+ I,.27/ (Xj Xi) + d(rand 2) mean precipitation overestimates and underestimates less than the control experiment. [e))r(gggirpaetir:)n(and ?\/IaEnRGE, respe((r:r’[]il;/ne)ljn SHWEEn e TEHEVE
complex microphysical processes that form e
P : p_ y P ’ Verification: it was computed the Root Mean Square Error . ——
evolve and dissipate clouds, as well as the ] i i e CONCL USION
: 1 1 2
rocesses related with clouds and the RMSE (6) = or . —6° . . . S .
gnvironment as they occur on scales much a Zl: i Z“Zl:( o681 - 7=0(1) = determines the convergence veloctty AlnuTr? i, terz( F}enmem W{ahs deggl'ne(:' . I?enttrlnw thet) 'beStl pa}mmedtelr e b'e'te Tploii'ecljdto tgﬁ FI[)Eflﬁ
J _ , _ . , algoritnm wi OCUS O0On e application 1o e retrieval O modadel precipitaton Tielas. e pes
smaller than the size of a model grid box, @ is a given variable; | and J are the total number of grid points in the To an environment light absorption coefficient f'ry performance for the Firefly algorithm was obtained (considering the range selected for the firefly
: : : horizontal and the superscripts P and O are the forecasts (or the new 1Al 2 fonte arameters to our application) with the values: a=0.1. 8= 0.5. v=10.
parameterlzatlon Is needed for models to precipitation field) and observations, respectively. The RMSE from | = I0e » | = Ioe " » Ir 21 > P PP ) B Y
02-13 December was computed for each value of the parameters in +1 : . . .
represent clouds P P ! The resulting RMSE always increases when the value of a increases, for fixed values for 3 and v.

Table above.
On the other hand, when a and y are fixed and (3 is variable, the RMSE decreases between values
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