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Multiplicative Inflation
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RTPP Zhang et al. (2004; MWR)

Relaxation to Prior Perturbation (RTPP)  6X ;= (1 — a)0X{ + adX?
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Whitaker and Hamill (2012; MWR)
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Implementation
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Multiplicative Inflation

Analysis Equations w/o Inflation subspace spanned by A
mean  6%® = ZPPe(YP) R-1dob = ZPW
perturbation Z% = Zb(ﬁa)1/2= yAATY

pa = [(B)~! + (Yb)TR—1Yb]‘1

~

PP =1

subspace spanned by §X?

5% = 5XPPe(5YP) R-1d°~? = 6XP

6X% = X ((m — 1)PH)/2= §XPW
P = [(P?)™! + (8Y?)TR™16Y?]
P’ =1/(m—-1)
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Point: update vector and matrix (w and W)

Multiplicative Inflation can be applied for ptb w/o inflation - SPE=

Analysis Equations w/ Inflation me = AP? & 5me = \/A6XP
subspace spanned by \/_Zb subspace spanned by \/Z5Xb

mean %% = \AZPPA(VAYP) R1dob 5% = ASXPA(VASYP) R™1dO

= Z2APe(Y?) R-1d°? = 5XPAP4(5YP) R-1do-b
ptb Z% = AZP (P%)1/? §X* = VASXP ((m — 1)P*)1/2
= ZP (AP 2= ZPWy, = 6XP((m — 1)AP)1/2= §XPW;,,
PP =1 P’ =1/(m—-1)
pa = [(BY)~1 + A(Y?)TR-1y?| = [(PP)~t + A(SY?)TR-15Y?| ™
P’ = APY = [(AP?)™ + (YO)'RY?]  Pa’ = AP® = [(4PP)~1 + (6Y?)TRISYP]
= [1/4 + (Y?)TRT1YP] ! = [(m—1)/4 + (8Y?)"R16Y?]!




RTPP can be implemented

RTPP within letkf «core

Analysis Equations w/o Inflation subspace spanned by yA4 subspace spanned by Y.
_ ~ T_ . . _ _ -~ T_ . ~
mean §x* = ZPP%(Y?) R™1d°P = Z2Pw 5% = 6XPP2(8Y?) R71d°7P = 6XPw

perturbation Z%* = ZP (P*)1/2= ZPW 6X% = 6XP((m — 1)PH)1/2= §X°W
Analysis Equations w/ RTPP
7% op = (1 — a)Z® + aZP 6X%rpp = (1 — a)5X* + adXP

— WRTPP — (1 — a)W + al - WRTPP —_ (1 — a)w + CZI

RTPP RTPP

Analysis Equations w/ RTPP & multiplicative inflation relaxed to inflated prior perturbation

where 74 —= ZbWinf where HX ¢ = 5wainf

& Wirpp = (1 — @)Winp + aVAL e © Weppp = (1 — @)Wy, + a4l
RTPP
(note: https://github.com/gylien/scale-letkf/blob/master/scale/letkf/letkf_tools.f90)



RTPS

Analysis Equations w/o Inflation subspace spanned by yA4 subspace spanned by Y.
_ ~ T_ . . _ _ -~ T_ . ~
mean §x* = ZPP%(Y?) R™1d°P = Z2Pw 5% = 6XPP2(8Y?) R71d°7P = 6XPw

perturbation Z%* = ZP (P*)1/2= ZPW 6X% = 6XP((m — 1)PH)1/2= §X°W
Analysis Equations w/ RTPS
o) ob
mfl_(l_a-l'a_)za Smel—(l—a+a0—;)5X?
l l
b b(gb\! b(7b\! b b T b T
o _ |4 (Z?) _ Z;(Z7) o _ |9X; (8X7) S (6X7)
af’ . 78(28)" . zbPa(zb)’ o’ . 5X¢(5X%)" . 5XPPa(5XP)
T
_ zb(zb)" |\ ~ 5XP(5XP)" |
WRTPS= 1—C¥-|-C( — T W WRTPS= 1—(1+a — T w
w ZPPa(zZ?) SXPPa(5X?)
\

RTPS cannot be implemented within letkf_core because of model vars are necessary



RTPS (cont'd)

Analysis Equations w/ RTPS & multiplicative inflation

VAc}h VAa?
b=l -—ata — YA X4 i=(l—a+a U.al)cYX?
l l
T
Vas? 42> (zb)" Vig) A8X? (5X7)
a = N a - bR by \T
0} . ZPWi r(ZP Wi f) O V X} Winy (86X Winy)
Y Ty T D Da’ A Ty T ) a’
Wins(Wips) = AP% = P° Wi (Wi) = AP% = P?
b b T T
W —l1=-a+ Zi (Zi ) W W — |1 Aax? (6X?) W
RTPS = R inf RTPS = —ata N inf
Jzpea) Joxiper(ox?)

(note: https://github.com/gylien/scale-letkf/blob/master/scale/letkf/letkf_tools.f90)



Comparison of Inflation Methods
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Sensitivity to tunable parameters

Whitaker and Hamill (2012; MWR)
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A case with NICAM-LETKF Kotsuki et al. (2017: QJRMS) *

(@) FG; RMSD vs. ERA Interim : T (K) at 500 hPa (D) FG; RMSD vs. ERA Interim : T (K) at 500 hPa
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A case with NICAM-LETKF otsiki et alIEM2 curmsy, N
(a) FG; RMSD vs. ERA Interim: T (K) at 500 hPa (b) FG; RMSD vs. ERA Interim: T (K) at 500 hPa
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The optimal relaxation parameter can be o > 1.00,
meaning that posterior spread is than prior spread



Why does EnKF suffer from analysis overconfidence?
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Further information is available at
https://kotsuki-lab.com/
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