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Abstract: Whether initial perturbation can accurately describe the uncertainty of atmospheric motion is
the core issue of ensemble forecasting research. A reasonable structure and amplitude of ensemble
perturbation should be able to reflect the characteristics of forecast error about the state of atmospheric
motion. For solving the problems of insufficient spread, recognizability and reliability of perturbation in
GRAPES regional ensemble forecast, this paper designs and develops different schemes to constrain
initial ensemble perturbation with analysis increments extracted from data assimilation system, in the
light of the relationship of structure and evolution characteristics between ensemble perturbation and the
forecast errors of weather systems at different scales. This study analyzes the spatial physical structure
and spatiotemporal evolution characteristics of ensemble perturbation, spread and perturbation energy, in
order to comprehensively assess the quality and performance of the analysis constrains schemes. The
results show that the schemes can partly identify and adjust the false perturbation in the original forecast.
After constraining, the structure and evolution of the perturbation are in better agreement with the
development of weather systems at different scales, with higher accuracy to describe the forecasting
uncertainty. The feature that spread and perturbation energy increases with the forecast time is also more
significant, especially in the early period.
Key words Ensemble forecast, Initial perturbation, Analysis increments, Analysis constrain, Perturbation
structure
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HIAF T —ERIRHRCR CAREESE, 2013) o BT EIRYIERPLEN 77 R AL & R REDLENE 25
ERIE, A BB T XS Pk, @ 2 RES JHUEN G KR Caronetal., 2013; 7K
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U, Aifa) RFIZE o) U 3 T S B ARIEEL N, AT A G B, RV van IR L St B2 7 1 20 4t 300
— AT RESZ LRI SRR Ul G, B S RE R RGURRIFAE— I K R
WESE (500 hPa) 73 A& 1) R X 5 FER ARG PR i XA —3 (Eg) . %5
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GRE, EHRRRENTZR, DIEESRAOUBHERY G, KT oG Eo G HEME, X
T LR IBN J5 S

B 12015 ¢ 7 A 14 H 00 UTC 2| Bk 850 hPa W7 (A5  frmifE (SHEZ) MimE (a) L HE (b)) |
iR (o) AMEER (D) s CRERIR) KO T
Fig.1 Horizontal distribution of 850 hPa wind field (wind vector), geopotential height (contour) of the control forecast and
the analysis increment of (a) height, (b) temperature, (c) zonal wind and (d) meridional wind at 00UTC on 14 July

2015 (gray shadows are terrain).

3.2 REVHEMII EHMTHERER

MG EER AL T S KRR, Rk (5 SO A — Bk, 850
hPa NFAIY)HEEKEESHIGTEE ST RN ZES (8 2) ATRGE ., WHZIRE =& Rdim X
28 AT A A AE R i R E/IME X, H 234 (& 2a) M2 (& 2b) koA, HREX
ZRLT RGRIE R SR AL, Wi R GE e ) AR £ NI DA R ma i i L e 5 KBTI A5 . 2RI 7
Hrag AR AER, IR LS 25 R A0 EO B W X R B A7 B35 AN S BE

FIRE, R (& 20) ARE (B 2d) GRS 0 Hr 8 & 22 E 10 o0 A S8 BV B 17—
HZER . EERZEEN AR FEED T 40° N LFg, HIE[ENE, EESIRIHER i &=
SR K@ 2¢) 5 AREPENNRAEAE = R ALAR LA 43D)N, 106° E BF 11 e A e 5 22 4 K
TAE AR R AR 88 23 DX Sl FE R B AR /s (Bl 2d) o 500 hPa b 3% (72 5w 5284 (IS
XA EE R T RS SRR s AN & A

B 22015 4£ 7 A 14 H 00 UTC 850 hPa A4S R FIBIA6 TSN 5 /0 Bl B 2252, PR (a) S22 R (b)
NHE, @ (o) SRE (D Nz GHEZONERTURIA A SR, KO NHE) .
Fig2 Difference between the initial perturbations of an ensemble member and analysis increments on 850 hPa at 00UTC
on 14 July 2015, where zonal wind (a) and meridional wind (b) are the ratio, and height (c) and temperature (d) are

deviation (the contour lines indicate geopotential height, the gray shadows indicate terrain).
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TR, BRI ARG VIIRINE), FEX T LT S DU K AT RFEHEAT EEAL
3.3.1 MRERZ I 2 Hr LR AR

XFEEA AT S 850 hPa M M HLaD (& 3) AT LRI, A wiv wo FIATREE T 2R, IR
JEDIAR LI B N R DL A5 BB R, (O IRIE LI flupkss, AT 45° N, 106° E
FRRARE R G, o B A Ga s i K A G2, BLT % wi 28R )5, SRR 5
JEAAL, PRADHRNE N LR TS, A R h S5 &8 (18 3b) 5 AT % wa 5F
ARG, X AR RAE AR S HE R IRIEE AR 2 W S5, i Ta8 (& 3c) .
[, VESF] 28° N-35° N, 125° E-133° E MHESEEL MR MG, RIS IZIX IR i
K, WEFEERERNGEE, T wi SARE, XSRS RV RN L ow,
ARG, ZXIBAIR P SIRIERS BN R, KR5S RARGH —BUEREInE 5 2.
Sy W LR I 4 16 X5 5 3 (T 2 S Rl S

3 HTLIHHT (2) S5HTLIH Cons-wy (b) « Cons-w, (¢) (1] 850 hPa 2 [l RIZHIdH SN (L AT )
Fig.3 Initial perturbation of 850 hPa meridional wind field without (a) and with Cons-wi (b) and Cons-w» (c) analysis
constraint (the contour lines indicate geopotential height).
3.3.2 JrHT ORI R R
4 X E TR R S B AT (a) FISHTZARERE wi (b) « AHTLIRERE we
(o) RSN LRI, Zid LM R wi L2905, 500 hPa [ 585 v 0 DL pE Ak Nl
A X AL B e B R R B B, R EOR B 1 A ARER L X BN BN . (B, A i AR
(R SRR BT PR B A R ORI SS, T 5 B BN X R A 38 K LS R R R, (KRS
FINAFESHRIPE (B 4b) o A we PTG GRS thn UL IR L MPa X
AP 55 25 RAREL wi EEANBIR - ESA I 2R R A IR S0 3 R B A5 S A 21 (18] 4e) . i
JZ o 2 AR SR I AR IR G DU AE 70 i 20 AT i R B LR By TR AR AR

4 SSHTAERAT (@) H5HHTLH Cons-wy (b) .+ Cons-wy (¢) K 500 hPa H MWL (AL AR SRR
Fig.4 Initial perturbation of 500 hPa height field without (a) and with Cons-w; (b) and Cons-w (c) analysis constraint (the
contour lines indicate geopotential height).
CEERE, WA QR TT R RIS T A R EN B T RO AT A FRE R R R, A
BARERNBE G TS, WS ROEH)EEELF, Kb 20T75 % w MAILRPLEIH
TR IR, HARMCRIEN TLHTTE wi.
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T2 Cons-wi (18 5b) . Cons-wy (K&l 5¢) HIZ [ RIBNKF 70 ARFE, REPS 25 HI46405)
R 5 RARLIX 32 A T DU 7R i B M i A ST 0 S I RE L DX, JE LA vh AR I X B 3
28 [n) MBS HRIE 230 H W1 B R oK, A BB R EINEE R (B 5a1) « @AW T7
% Cons-wi (] 5b1) HlI Cons-wa (J&] 5¢1) XJJ5 REPS MG LR E, X RT3 B A
AFIFEEE FIRES, H Cons-w MITHREPCR B NIE, JEih /N RESRRIEH B8 [, 2
SRS AR R B T SR IR B R RS R BN 5 B

TR 24 h J&,  DUDRZR I R O bRk Jig fR) IR SRR 52 FLAR UG S R GE B4, HerboOofor B R A
FE, PR SR SRS . MM, X RWIRPLa AW AR sk R, Bl AR AR
JERGERI AW R, L B 28 a) RS BTG 5 o H T 12 DI A4 ) T 28 1) XU S Al 553
HCLEYEE N, B NRERS A ke (8 5a2) , EESTERISIER UEHZ
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i, A (KB S5 R R IR S A R 2 — MRS, R S SA AR A R FEE A8 (Y ML
EINEE, JEHAE Cons-wy AR TT R (B 562 5K 5¢2) o KRR N IR E AR P s i
By BEAT T A ROEE, AR LA HE BRI a6 5h Y B G5 M PSR IR SE N & 21, 10 S 05 PR
ENFEREAN TR G5 3] 7 s X —J7 T W 7 )5 REPS & [a KAJa s &6 A&
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B REERIEER, WP QRIS 7 S AT EE RENS AN R AR 2 RO R (1
N RSB . 73T 205 SRR = A = A ) K A SRABL A R A R B RCR (i) .

& 5 500 hPa £ M AAIAETEEN (aly bl Flcl) 55 24 h FiRkIEZ) (a2 b2 Fl c2) [R50 AR
REPS: al. a2; Cons-w;: bl. b2; Cons-wy: cl. c2
Fig.5 Horizontal distribution of 500 hPa meridional wind perturbations at initial time (al. bl and c1) and 24 h forecast
time (a2, b2 and c2). REPS: al, a2; Cons-wi: bl, b2; Cons-w;: cl,c2

K 6 4 850 hPa 4[] KU EE A HIURPESN REPS (& 6al. [ 6b1 FIE 6¢1) MMz (&
6a2. K& 6b2 FIE 6c2) K153 , HA 23R . 5 500 hPa HIAEHEANAHEL, XHRZMCZ 850 hPa
(K12 ) RS AR RN, FRE 2R T U A B UIRZR P B X LA R . 2R AT
S RIS, VIHERZISG RS (E 6al) S, H/NR LA P E L i f
PRBNHRIE 13 BIAS IR FE (A 08, 2937 % Cons-wa (K 6¢1) (IR ENHR IR FIFERS /N T 20305
% Cons-wi (& 6b1) , HINBNEH 0GR EINA K%, SROUEHBEN . T4 24 h
FUYIG, T2 TT S Cons-wy (RN X TR L) TC 100 2h S5 A BRI HL G A PR AR R PE Y
KRR, SRIZIRR T NREERTEHR BB (B 6c2) , JUH & 4R PR e 1) T
PANAIAC T ARIA VB I 25 KRR RV, AT S0 I B 2 AR AE . 29507 % Cons-wy 1T
RIS RIS BRI KA AR, (HAHXS T 7% Cons-wy, HIRCRMIIRZ . TC4I REPS
JT R 24 h TR B I KA SR ARREAE, 76 & SR AR AL 7 MR B I S A rh N RS B (5
EMEARE Xt BRY, SRR S AA TR RIER R EICE RS EE S
MIgE Sy, SN TT % Cons-wa IR HEAL

& 6 850 hPa £ [m] MWI46TEAN (al. bl Flcl) 55 24 h FdRkIEZ) (a2 b2 F c2) [IKF 7310
REPS: al. a2; Cons-wi: bl. b2; Cons-wp: cl. c2
Fig.6 Horizontal distribution of 850 hPa zonal wind perturbations at initial time (al, bl and c1) and 24 h forecast time (a2,
b2 and c2). REPS: al,a2; Cons-wi: bl,b2; Cons-wy: cl,c2
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FLAFUERRRIE . BT AR LR LAV AL E, 18 7 45t 7 REPS M4 T7
%€ Cons-wy A Cons-w, [JIRFEILBNNT 110° E MIEE L. JFIEHIIEILS) REPS (K] 7al) 1£ 50° N
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Fig.7 Vertical structures of initial perturbations (al, bl and c1) and 24 h forecast perturbations (a2, b2 and c2) of the
temperature field along 110° E. REPS: al,a2; Cons-wi: bl,b2; Cons-w: cl, c2
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Fig.8 Vertical structures of initial perturbations (al, bl and c1) and 24 h forecast perturbations (a2, b2 and ¢2) of the
meridional wind alone 45° N. REPS: al, a2; Cons-wi: bl,b2; Cons-wy: cl, c2
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Fig.9 Evolution of the ensemble spread of zonal winds in each pressure layer at middle latitudes with forecast time. (a)
REPS, (b) Cons-wi, (c) Cons-w»
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Fig.10 Evolution of the vertical structure of the regional averaged ensemble spread of zonal winds with forecast time. (a)
REPS, (b) Cons-wi, (¢) Cons-w»
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Fig.11 The vertical distribution of the averaged total energy of ensemble perturbations. (a) REPS, (b) Cons-wi, (c)
Cons-w,
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Fig.1 Horizontal distribution of 850 hPa wind field (wind vector), geopotential height (contour) of the control forecast and
the analysis increment of (a) height, (b) temperature, (c) zonal wind and (d) meridional wind at 00UTC on 14 July

2015 (gray shadows are terrain).
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Fig2 Difference between the initial perturbations of an ensemble member and analysis increments on 850 hPa at 00UTC
on 14 July 2015, where zonal wind (a) and meridional wind (b) are the ratio, and height (c) and temperature (d) are

deviation (the contour lines indicate geopotential height, the gray shadows indicate terrain).
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constraint (the contour lines indicate geopotential height).
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Fig.4 Initial perturbation of 500 hPa height field without (a) and with Cons-w; (b) and Cons-w; (¢) analysis constraint (the

contour lines indicate geopotential height).
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Fig.5 Horizontal distribution of 500 hPa meridional wind perturbations at initial time (al. bl and c1) and 24 h forecast
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