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(dispersion)feij fz(dissipation) (£ * T » - ELpFRFF PR G KT E L G
el g 4 2 FRAR T K A 1‘3—} EEF 2ot Vel i 2ol L
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OBSERVATIONAL NETWORK
SAMPLING SCHEME
SENSOR DATA

AND DATA ERRORS
MEHSUREMEN* MODELS
AND ERROR MODELS

|

T

ADAPTIVE SAMPLING

MCDEL IMPROYEMENTS

STATE AND PARAMETER
ESTIMATES AND ERRORS

() @O E)

. STATEVARIABLE

PARAMETER

QBSERVED

MEASURED

UNQBSERYED OR UNMEASURED
. ERROQR
W DY MNAMIC AL LINKAGES

l
o

mcEo®

Bl 3.3.2-2 F# kit % 57 X Bl(Allan and Pierre, 2000)

333 FHEM A4S

TR FENT AL - S FR R (sequential
method) » ¥ - % %4 F 4Lk i* /% (variational method) o & p¥ & ad2 i
X ¥ A 5 FE T AL 1 (intermittent data assimilation)£? i 4 3 AL e

it (continuous data assimilation) °

RE TR A5 Y RE - o bldr i 00 pF o e (8 3 1)
PR AL T RS I E] 0 SRS TN d 06 PR A TR 6
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P
FEH o $ 06 B (53] BFenF AL T ATIURIZ o ] 33.3-1-a 5
7

W 33.3-1-b A7 @FFTHE L PRL  BEBHRT ARG T
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| |
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BT AR Y2 Bk dp 372 % (estimation theory) » i * ki3t
EARR L LB ¥ Lt 2 + gt B(KF, Kalman Filter) ~ # iz
o #& % (O, Optimal Interpolation) ~ i% # 37 i ;= (SCM, Successive
Correction Method) % ° @ % & F ik I v 249 5 37 41 32 % (control
theory) » 4 ¥V TpdR B - K BB EF 20 Lot & Bz
AT T R AR FH 32 i zags2@D-Van)g e A e
(4D-Var) -

& 4§ TR 2 (sequential method)
(1) * ™ jg 4 72 (KF, Kalman Filter)

BFFAR ARG 2 F QP%LE}
Kalman(1960)#7 3 &t e+ ik ;2 > v ¥ -2 0 - B Hfed
AECNAR AT 0 X R BB R RITELR] E R0 Rk 1Y

TRAR g dniE 2. * o

{s
4T a4 BN
X, = ‘I’n—l X +8g—1 n:L 2’ ,N (1)

H ¥ x & 7T t=nat PF eyl i v £ (state vector) 0 T Bl
> e R 0N s EI??F?#;,%%— At A PR c YHIIFRE R

(prediction operator) 2 % st & #*(system operator) > &% % 77 i3\

34 (model error) 2% % siwk #<(system n01se) AR A SRS 'Y
R RSN R xR A (LR AN R SIS
FoRe A TR R RIR R o ¥ 0h s TR S EA S AR G
ASRNPEF RangL o BHE B BN L 0 35 Sl R
A el FL (DY xfref A Mx1E 7w 0@ ¥ 5 MxM

s B
=4
o}

¥ feiE L -
BN L LG TR g
(e1)=0, <8383T > =Q.9,, (22.b)

(Ra);% # 7 L A & B A (2b)sN & 7 7 e pE R e st
AR A A - BRI S L5 Q, o (2b)54 Y 5 AL
Kronecker # 5L > § n’=n s =1 B R E3F o

3-14



Bk d =0 A 47 B x, ¥ B FlA de 3] hE i B
f(O:<X0>’_:‘]i,_E' > %;]@"’#E_‘/E :F',’t/_l.oﬁ :r /\Z{L'T ’Xmgxl;t

B E R, =(x,) ¥ #T & R M % 5 (recurrence relation)3*

wr X R =(x;) (3a,b)
(3a)st A1) BT 3w @] g 5 A1 2L
PEFOR BB IEAR 2 G2 o R E @ BRI TR 2R R HRT P
g SUSTE S RN S

BRBRE Ly, VR B X, TR M

y. =H, x, +& @
2 “ﬁﬂ#ﬁ’sﬁﬁﬂzioﬁﬁgﬁﬁa@%,f
“F%@$ﬁﬂﬁﬁﬂw%’ _EmeEt L0,

(e2)=0. <828§T>=0n5m- (5)
B A foBRURIEA s TR G 7 AP RE
<sgan,>=0 (6)
Fl# x, 0% BEE - - ZIFIFREX, 0 ¥ - ZRBEY >

FEINE] A EX
a
n

2

X, =x, +K, (yn—ann) (7)
oY hidsFeLK A
K, =B H,(HBH,+0,) =(B,+H,0,'H,) H,0] (8)

BT & = xtox, Hfa S B
A,=(1-K,H,)B, =(B,'+H,0H,) )

HY B EIFHFALe PP LB

e ORI TRy o Frivi(3)N TR 0 BT o

Xﬁ =¥, ., x, (11)
7REARS R R AT R Xi_l’{‘:"l’-}": T - ﬁﬁ%‘:éﬁ B o ;F‘—éﬂzﬁ'—é
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Vil i

Slf’; = X£ - Xn = Tn—l X?l—l _Xn = Tn—lsifl _83*1 (12)
#(12)7¢ =~ (10)58 # 2B,

Bn - lI’n—lA T: +Qn—1 (13)

B A APFLES L
(7))~ (8) ~ (9) ~ (11)f=(13)5* # % Kalman jj % % (Kalman,
1960) » H ¢ 4p fis i 4 P AY s 38 P4 5 Kalman-Bucy i it
% o Kalman jpt B7 &4 5 4 BIA o
@ LTIV LW, s H, >~y EEE o b i 2 x oA,
FE AL T
€ FEIA DN e £ Q frBLiREL v £
0 % FE RN koizins ¥ Kalman jht B g1
T e ggﬁ;«k IZR A o
@ FpdRt e L (D) e(13)50 -

x, =¥, x (14)
lsn = ‘Pn—lAn—l‘Pz—l + Qn—l (1 5)

& S H478e LW (8) ~ () fe(T)5t -
K,=BH,(HBH,+0,) =(B,+H,0;H,) H,0;'  (16)

A,=(1-K,H,)B, =(B, +H,0,H, ) 17)
xi=x£+Kn(y§—ani) (18)
BRI Kaman Jpik B # 2 - BIRER P

RAL T E e AR AT kak Al E » (14)£ (18)
AR - At gz%mowyni £ > (15)f=(16)
5\ E]']{O(M et BB o F M>100pF > A0 2 AT R F R A

A ERAAFE A S FPL A G Gk SRR oot
R A erpg e1=% & iF 72 (SOS, SubOptimal Scheme) »
;gzwlszd%wrraé;JRPﬁrﬂﬂﬂ:tﬁ?i—’%?
O ARAE W fotn s LA A BB il 0 4 Fa #t
£ 11 O(M) -

& FE? LB 3T 0 % SR B dodx ¥ 7f n(steady)* Fﬁiﬁ.{;
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(Chandrasekhar type filter) ; & * + £ #ic/ 4t/ (SVD, Singular
Value Decomposition) k 1T #7 ,% svaErL o

SRR Fﬁ'—i@ﬁ'] VR s E S o
MR B B ) s Glde et 2 L4
AR NP il Al T L

< AT ER S AL EFL o F L R ;%_st_ A=
e N KRR R do v T2 +3¢1\%uu¥if
E5a MR A SR S P A e ARV A O MR O 533 N
T3 2 % (rank) 2 AR E AR RiT i 2 L AR 2 18
ﬁ;f] » RRSQRT(Reduced Rank Square RooT filter) ¥ F_p+ = ;& o

A AN ICHESGY R * ¥ %% Ghiletal. (1981)%
Ghil (1989) ; 2 = ‘e * » ¥ 44 Ghil and Malanotte -
Rizzoli (1991), Cohn and Parrish (1991) % Dee (1991) -

MM R R R dpA B> 25 ¢ & (Jazwinsky,
1970)> fe v i enfz g & * 3| P & 3K (closure assumption) % H
T iR 0 B4 Lorence (1988)# F| et fi &4 # B3k o 2Ea |4
&%%&%Eﬁmi—ﬁaﬁgﬁ%%menﬁﬂﬁ
(Extended Kalman filter) » =7 (14)£2 (18)5% 12 T 7] ezt & B~ L ¢

Xi =F, X:—l (19)
x, =x, +K, (y2-h,x]) (20)
3 4(15) ~ 16)Fe(1T)S 5 % R 25 > & d BELHTH T T
Y =Fx* H =hx (21a,b)

H ¢ F L F B> xehJacobi B > v ehm(K) B~ & A
OF Jox, * F, s Mx1E 7w EFch% KB A E >/ x 5 Mx1H 7
w8 x% | B4 £ - Bouttier (1994)# * 4% Kalman /gt B
- BT K E e Yk SLIE AR A fo A 49 L e
z o

yobo B+ Pmidi (EnKF, Ensemble Kalman Filter) }]
M BRI A RS AR > TG e+ R
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(Monte Carlo) Kf2#-:8tp et 5 % Al > BV 5
Fokker-Planck = #2;% & # % Kolmogorov = #25% « POEnKF
(Partially Orthogonal Ensemble Kalman Filter) #4 & 4 * > £
B2 POLARIT I E R TEL K B PRk 2 % B SR

(variance reductor) °

(2) & E N #&2 (OIl, Optimal Interpolation)

@?ﬂkﬂ%&ﬂ’ﬁ% BIFHEZEAF DR RIS
30 2R R AR R - AP RS g R E
Q%mgﬁklé%’?wmjﬁﬁ%?ﬁ&#%égau
ERMFECNEARC LAY FEAA TG AT ED B
BN E o B N 02 €. Gandin (Fanaun, 1963 5 Gandin,
1965)% # % F Al d@m B I R enE L 472 > 1 & JaF =
BLRI TR 2 B3t 384 > DT A G - £ R-E RIS
BPIFHEMELI IR nEFEGOATE Y FLT
- PERIHCN B e H 0 A fE G SRt 4E 2 (statistical
interpolation) » (& > 2004)

BEPMRZ A B - RZoE o PR S AR
(minimum variance estimation) ¥ ¥ &0} A2 45458 > 4o T

HA=Hf+I§jo(HjO—Hf) (22)

=

v

HeY N, 5 FRlzbendicp > HOZFRIAS E> H 5 E
AR E 0 HY 5 5 i A48 eha 47 E > W, R 5 & BLIR
AP E R BB G RE P AT R R T
Fom Pl iR

d 3% ?'f | & B HC ~ B3 chdedn iRl EHT 2 A 47 @ HY

BWEEH 2F 23 FLeig e doT &7
80 :HO HT (23)
8P :HP_HT (24)
8A =HA _HT (25)

He 2~ fZ2 A n| 2 FPAR E -~ BN dedn R Es &
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EEL B2 FhipL g 0 #3% (23)~(24)~ (25) *» 8
(22) > ¥ &

(26)

-

B = (")) @)
PRI HEE R o KN (200 250 27) 0 BV £

2 _ /PP a8 P_O _N“hs pop\ | RS PO _N“bs P_P

EA_<£i£i>+Z“]ik<£i€j> “]ij<8i€j>+ “]ik<8i€k> “]ik<£i8k>
= =1 =1 = (28

™ N“bsw W 0.0 P_P 2N°bs N“bsw W 0.0 P_O
3w ) )28 S () )

AR R B o S AR L " 3 AR T (50 =0

<8?8E>:O ) TR P=<8P8P> . O:<soao> s IR T e H A
Nobs Nobs Nobs Nobs
Ei = Pii - Z;, VVikPij _Zl: VvijPik +Z:, kZ:, Vvijvvik (Ojk + ij) (29)
= = =l k=

HY PLiAcdojiplEoda L Ed 05 9 pEas %L

B BQRNHW A 0 R RE RS B RE R
Lt
Nobs
2 WP +0,) =Py k=1,23,N,, (30)
pe
ri%\‘ Mjk=ij+Ojk v - 'H} 5‘5‘(30)5“ it 7; F S AR
M11 Mlk
(W W]l 8 i =[e e By 31)
M, - M,

i * g B B R (WM, ) =MW, =P >} {2 fe e ¥ &7

v
e

i

. : o=l (32)
Mkl Mkj W Pk'

ji i

Mll - M Wli P1

1j

Ho P s 2 RIEAR S B R BASINFR B 305 5L 0 M,
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BRI ER R A SR 5300 L 2 fee d (BT
i‘r’ﬁk—‘f'\g" B vLL/,,\].ﬁ 7-’\—\J.__'_rv]vé'ﬂ‘!:,m§7\ ﬂ]ﬁﬁ' RN ] Lﬁq;N
"E'/ii—%ﬂ"‘@""élij ~E mﬁ/?ﬂ?’ﬂlu'ﬂmﬁ—i« i‘%?

Fo R BaykiRT o T R R E 8 A R
Bona3EAL > LR > FERFEFCFEEG L DEF R
% ° Lionello% £ (1992)% 41 * Apdc S e d 7 2 Rk e e g
|E357 4 el (2 > § 3 Rl DIER 3% 0 R397 AR
FHD > TERZRIDFRIEFLAPM 0 F RIESS

A A AEE o BB RAeT Aror

’Y .
P, = exp[—}‘d—qu (33)
042
ij = 8kj (E?;;z } = 8ijk (34)
k
By, mk jo BlEagEY - L, 5 I & R (correlation

length) » R% § wJ B AL R B e SR L v o

& 371 E (SCM, Successive Correction Method)

WA ITEE B 1950 & A B 1)k (Bergthorson and
Do66s, 1955 5 Cressman, 1959) » o 3t ;2 8 8 > 1970 & N 4%
BRiZJE* AEREAIT > P W 2 Bt S MR BN 0 A
Thiébaux and Pedder (1987) A jF 4 & S5 ML P 4652
(empirical linear interpolation) o

Cressman = j2 K 5% »0 kB g 5 o ﬁy:ﬁr&ﬁ F72o BRI
TR w o ke X Hp §o3F V5% 4 2 2 (polynomial spline
methods) » @ Hig * 3t < ®HF P WEMBR T2 i d
RN P RS PP 0 RRERE TR ey ] H
® R RERFEFET I%?%\%i\?ﬁ»ﬂt@mﬁ@
BRI AR 32822185 FRLEHTLZ
*

IDEE NN S LS - SRR F N A

21
".!
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4 SCM 2 v s HBL T 2 A di R B 2k 5 4 B A4
BRI E T X=X B X AN B AT i BB 2 E
XPAF R R el

A i B N 1B 3T (SCM)Z Ap R AR
do T
K
> Wi (Z)-X3)
X=X+ (35)

He s X4 S n=aafprlisRegEiz GirE; 20 £ 18
% Fl2 % k BELPIEEZ BLRIE ; X & 11‘;_24«” Bz % k R
BIEEF A S n S RiiL G E o T ARIT R RE L 2
B R R KRR AL IR PN 2 BB
P BmPREL R R HT R I FLARE 2B wiafEE
I #o(weighting function)> 7 # 2. & 57 > 3% < Cressman (1959)
% SCM j ¢ :Iéi—wi; TE b

2
wy = Rz X, <R
R: +1; (36)
=0, 15 =R

Hd o BRI HREEE 2 PR 2 IR,
B 8L = (radius of influence) » v 3F A& X fp A pFrgds o o (36)
FOF AT FERBREARIT o Pl xb 0 TR S B R B0 Ak <
FiRlkk AR P2 PR B RERE R

7 o

# Cressman 2. CSM /2 ¥ » S #ice’ R
BOEPIEEE e REE P R O 2 PELER S Bk
ach BLPIE 2 e 4 o R K o SCM i f
¥ &322 A& 73c% - Bratseth (1986)F 7 &1 » & it if ¥
ERHE o @AY SN 0 B SCM x4 v it Bl
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7 ﬂ‘ii fe it ;% (variational method)

RAFTAMG - BT AR AR EERR PR
I ETE VR LRI 0 @ 3 SR AN e ¥

= ;¢ e 4 fic(parameter estimation) o A% 4 E ¢ %;%;

sril P Rl o & 5 RPIEZ TR B L 8 R H g

% $-feen) 4 (constraint) i i FEd 5 B E R (F P Jfgf-ui'.ﬁ;:

A G R B R ARR BN R BRI F T E

(maximum a posteriori probability estimate) °

%8 1 & 32 S (functional) T4k B e0f® 3 > 73] L S0 &L
da- B 5 BaBhIg Fp R4 F g R ST R R
Wooa v RS BRPS G EDip B E T Mo Tt AT
BRz-EAZEFTHEZRAFTRRDT < (F > 2006)

B FTAR D I N - Bh G des T 0 BB
FJREARYS I A e AR T PR o (B B iITA A R B R
BIFEAL 2 A de 3T o p P e BB - B TP RS0l (cost
function) % i¥ = » %_& % (Parrish and Derber > 1992) :

30 = (=X B (x =3+ [H -y (O + FY [H(0) -y ]+

7

e
NST:R

al

L

D2
e
‘ﬁ Yy

Tl
-
Sy
Ne o
#
b
oy
nh
=

B\

LN

" (37
=J, +J, +],

He x ZHGN A4 88 xS AR E o vy L F R H A
RS B AT I S BLR R BRI 0 L - AR E S
B OF A4+ B L RRFEL BBl S 2% 2 HEL
L A s TR LA eih- 33 R iERIE o

i SE A A e iR E(x0) 1 9P RS Bl )
- BRSBTS 2 x 0 TR AR E RenfE o

O KR TR L LR S A R [ S
RIE @3 LR - BRERE BT BYRiFERE > 2FER
BodAe B R Tk L PRI RAR AR R SRR ¥
i AL s AL X 72 (adjoint method) R f2 o F ¢ * 35 K L iF 2 pF
PA5 = B & ek [P 38 (generalized inverse) » ¥ * Representer ;# °
Hv e FRfEE |4 pHS#c w7 @& * Euler-Lagrange = 425"

L

=

ETIRS
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7k o SR AR RE AN E - E PR E T % 2 (descent
method) ~ *#_*% ;* (steepest descent method) & o

er?ﬁ 2RIty “{(adjomt)if‘l_;é‘n A I * B e e 4
TR R E S IR h BRI % T
£’ﬂﬁﬁﬁ1ﬁp%mﬁﬁ%4’gﬁi”iﬁjﬁw’wn
% A ¥ - St nsgE 3 > Hpenh @RS AR ERT
FERE h- 53 E o F L ML R

2 () (38)

x(1) = N(x(t,)) = [ n(x(t))dt’ (39)
d (BT il BER xO)F SiE- £ Nfoa 458 x(t,) 10
PlaT R p % ﬁ"ﬁi? T_E

J== Z@m X(0) w(x(t) —X(1)) (40)

BYX() AT - ﬁwﬁﬁ@m%&’%EM%~%§%’awﬁ
P ESd o d x(O)fox(t) Pt ot 2 Bawrs LiEed > &
- B R RAER) e hd i R T E
@ﬁjfuf{u; A

d B3N 7 &0 & — B FF %] (1) FEF ILF x(ty) K& 10 X(0) &
B R ALTES drcnd B0 R (A0)N T i A > Ed x(ty) STaE S e
& e ﬁbpﬂs,«‘;g;j&;%ztg X(t)) & 5 2B A BRI g E
#-(40) 38 ¥ x(0) B A P F

oJ & _
5§5=§w@m—ﬂm (41)

#-(38);\ itTayloraHc & B » P~— FF E T 0 > a‘r“,ért#ﬁéé B = 78
fezb@ b B 3 159 3]
00x On
T 8x
ot 0Ox (42)

PRGN T B
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8x = L(3x(t,)) = [ L(3x(t))dt’ 3)
(43)5t~ + 7ﬁ°" AR o 43N A (42)5% 0 F

8J = Z(X(t) x(t))" WL3x(t,) (44)
o HfcT &

8 = (V) 8x(t,) (45)
L (44) ~ (45)3 N T A

VI =LY Wx(H)-X(1) (46)

RO RLEEE S o @58 ko TERD o &
EEE 2 S ICORE L e s £ 2 N (B
Sx(t) = W(x(t)-X(t)) > H & & T 5|k %50

8x,(t,)=VJI=L' 2 W(x(t)—X(t)) = L"8x(t) 47)

RIS 5 EAREHCSE AP (40) ~ (43)7° R EAEHES - B e 38
wEHEES o T O M- idxe B W RAE A Sx(t,) 0 FREEBe
SRR S RO R HRERE IR v
P HERZEETED EIESES B A e T @A)

L
E’ o

—_

334 FAF L ET FHTR

*3+F Fpt ¢ * ROMS (Regional Ocean Modeling System):i& 7 /%
% 34K > #4F ROMS Tl it endfe » #d N T g p a7 v (744
TN
1). % B RAELIZH (Generalized Stability Theory, GST)#% 3 /%
ES AN T4 meiip B EE )]*—5’:* IRl Tk
(Tangent Linear Model, TLM)¢7# 8 » & (singular Vector)m =1
A B R E AR LE o TR R NP Y o
2) H#EHAFEIROTHRREICGZESF RO ‘s&%@/a\ pES (4D—Var)
fria % 15 5% (Inverse Ocean Model, IOM) - = (5% & 3 2 E
* 3> ROMS 4= TOMS(Terrain-coordinate Ocean Modeling
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System) > 1 & F 4 4 ko4 F - Lo~ f&'ﬁé{ﬂ’fﬁ—
NFAE V-2 a P EEYd EREP Y2 X F (Oregon
State University, OSU) & #72& = &3 X il v 3 e AL B
Prd T AR M N4 % % d NSF (National Science
Foundation) 3 & s 14 5 3- 050 st B o
3). BB L R EAGY  BE R Ay - B Mk
% PR Ao B ABER FEEY o P BT b
TR
A #2004 & > ROMS #38 k& & 22 7 21 e 1 4n B 298
P jp|3# ¢ (Emanuele Di Lorenzo)

1. #5222 > TLM ¥ adjoint version fF » §_& i b pF 425447 10
BB 7 RR e fﬁh » P o 2 3 B P13 TL 4 adjoint version
gt EiEg > Fi R ERNERE > R FASEATER
it g ¥ %—i — AR A RS E R R R

2. L4t adjoint version e3R8 4 > © iF > 4p B AR R A 7T
S

3. © =2 HifE s 4o Y (Southern California Bight) e 32 4 4+
B4 H5  ¥ (7 i@ B hadjoint version AR B R o

4. e be W B > e FEr AL o XS 2
Fant BT Lo T8RRI fRefe a3t o o

5. NPZD(Nutrient Phytoplankton Zooplankton Detritus)
biological ocean model #2 -7 TLM 4= adjoint version ¢ = = &
=3 ROMS p > # 2 g ¥tm 4o PR EEBN) ~ 5752
4 (P) ~ x5 4 (Z)femh (D)E R & Fl R 2 (T AR B A
(®] 3.3.4-1) - (Moore et al., 2005)

¥ ¢k > Lorenzo et al. (2005)% 41 * = 4 ' % % & > 3% ROMS fe
& IOM a5 % 5% (R 3.3.4-2) ) #Ef1* 2 kB 7 TR
TR AT R TR I TR R AR > TR TS%BPIE & AR
B2 AL F ARSI RFER TR 89%gREE 0 BT
Mg T it B o
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B 334-1 @ EL R ~ (b)iFF2 # ~ ()5 b fr(d)Br ik & 2 SR
R & 17 % % (Moore et al., 2005)

True Synthetic Data

-

128 -126 =124 =128 =126




Bt fes 2 3= R

BB PN A LR BRI R BT AT S AF N TEER o S
WA RT P HOERE LT R EER LAY DT E G
kg s L HBRAEERTE D BN OTERIESEF R B kT
Flp £ K K 7% ¥ B (National Ocean Service)¥t-K i+ % j& i efic v 3 &
o T - LR M EBEFREEE ALY

i]‘*l?ﬁiiﬁﬂ Bms o 3w A BRI E S A ERE RE & m)]f

RELFHE P - R FTHRBEROTRAELF A28 Lo
FRR G REREREF - Loa BPETFRF LR D 6 dF &
BT AALE - £ D F AR, R FR Y Ao 2 d 2
LEFEE - EpLBI TR 2 F S FP NOS#ZE R KT HE R
B3 2B o BIPETREPI G R 20X o et R (T R
2 i I IR A
LR ¥ RRE R e RGN R IR

(% 33-1)> & B 5 BB E & 5 & 3F 4 (error) ~ T 32H(SM) ~ 32

19 Z (RMSE) ~ 34 ek i £ (SD) ~ @ < 5 (CF) ~ & In #4955

(POF) ~ { #4545 & (NOF) » I 153 & chd 4 12 pE(MDPO) ~ f 1534 &

ek % 2 PR (MDNO) £ S i e = 847 5 (WOF) » £t 57

P > NOS #f error~ SM~RMSE {r SD & & 2% > & * 7 f {7 L&
TIEP NOS R F 4™ 83 ﬁ 5 o (Hess et al., 2003)

NOF(X) <1% (48)
CF(X) > 90% (49)
POF(X) <1% (50)
MDPO(2X) <L (51)
MDNO(2X) <L (52)
WOF(2X) < 0.5% (53)

LEg* §piFamLbhrutpm
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# 3.3-1 Skill Assessment Statist