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(mean) i=1
28 VAR[x]=E| (x-E[x])'|

(variance)

S8 COV [x,y]=E[(x—E[x])(y-E[y])]

(covariance)
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Kalman Filter (wo/ model error)

P’ =MP* M’
K,=P'H'[HP'H  +R|
xd —xd LK [y:’ — Hx, }

P =[1-KH]P
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x*=x'+P'H [HP'H  +R| [y*~Hx']

x: HETEAE P: #EEREHE DTS f. first guess
y: BUAIE R: #UHIERE=H D E TS a: analysis
H: 8UAESE ? o: observation
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a) reg3: # obs = 448
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x*=x"+P'H'|HP'H' +R| |y’ —Hx'

x: HEXE{E P: HETEFREH D E TS f. first guess
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P”]:f — A X P]c A: inflation parameter
CDINSGA—HFZZEZXTEETD

=x"+PH'

x: HETEME

HP'H' +R| [y°-Hx']

HERREHDETY f. first guess

P: HETE
y: BUANE R: BUAIERZEH 7 ENITY a: analysis
H: BLAIESE T 0: observation
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BPAE (localization)
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Adaptive inflation methods

ITHES Data Assimilation School
(Sep 13, 2016)

Shunji KOTSUKI

Data Assimilation Research Team, RIKEN-AICS



Today's goals

 Review: covariance inflation methods
 Understand innovation statistics

« Understand adaptive inflation methods



x, =Mx_, —nq
P'=MP'M' +Q
K,=P'H [HP'H +R|
X - xd LK [y:’ —Hx, }

P* =[1-K HIP

Kalman Filter

X: JARE
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Multiplicative inflation

Multiplicative inflation P” = A xP°
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Covariance inflations in Kalman filters

th =Mx;, -1

MP*M' +Q
Multiplicative inflation

K,=P'H [HP'H  +R]
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Covariance inflation factor

Tunable parameters of KFs/EnKFs
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Innovation statistics

d°® =y° - Hx’ b: background
d”® =y’ - Hx" a: analysis
d*® = Hx" - Hx" 0: observation

Desroziers' statistics (Desroziers et al. 2005)
<do—b (do_b)T> _ HPbHT n R <da—b(do—b)T> — HPbHT

<do—a (do—b)T> _R <da—b (do—a)T> — HPHT



Derivation

Definition (o) : #hrEtHOHRIHE
so:yo_yt, SbIXb—Xt, SaIXa—Xt

R=<80(80)T>, Pb=<8b(£b)T>, Pa:<8a(8a)T>

Derivation

d°"=y°—Hx" =y’ -y '+ Hx' —Hx" = ¢° — H¢"
<d0_b(do_b)T>:<go(go)T>—|—H<gb(gb)T>HT

— R+ HP"H"




Adaptive multiplicative inflation

Miyoshi (2011)
<d0—b (dO—b)T> — HPbHT + R

tr [(d"—b(d"-b)T} - R] = tr[ HP'H" |

tr[(d"—b(d"—b)T} - R]

b T
tr|:HPestH } A: Inflation Factor
Estimated

A =
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Kalman filter

Desroziers’ statistics

e a
X - Mxt_1 -1

(d°°(d°")")=HBH" +R
MP:M' +Q
Multiplicative inflation

<da—b (do—b )T > — HBH"

K,=P'H [HP'H  +R]
XoE — wel IKE [y:’ —Hx, }

P =[1-KH]P




Implementation: global weather forecasts
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Observation data (6-h period)

JMA GLOBAL ANALYSIS - DATA COVERAGE MAP (Da00Ops). 2009/04/22 00:00(UTC)
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A case for Relaxation w/ NICAM-LETKF

RTP parameter ; alpha

Adaptively
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e Review: covariance inflation methods

 Understand innovation statistics
— Desroziers et al. (2005)

» Understand adaptive inflation methods
— Multiplicative: Miyoshi (2011), Li et al. (2009)
— Relaxation to prior spread: Ying and Zhang (2015)

— Relaxation to prior perturbation: Kotsuki et al.
(prep)



