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Similarity and distance for verification of global numerical models
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Abstract The new statistics for verification of global numerical models, distance, anomaly similari-
ty and tendency similarity are introduced in functional way in this paper and takes the global characteris-
tics into consideration. The effect of the three indexes for global numerical models is verified and the cor-
responding calculation method is given in the paper. The forecast results of global WRF model are taken
as an example to evaluate its ability to predict weather system of medium-range. Results show as follows ;
the new statistics have explicit physical meanings, convenient for theoretical analysis and taking the char-
acteristic of numerical model with spherical meridian grid into consideration. Thus, they have high accu-
racy and are universal. They can be easily used for verification of numerical models with output in spheri-
cal latitude and longitude grid. The calculation results of new statistics are compared with typical statistics
(anomaly correlation coefficient and root-mean-square error, which are suggested by World Meteorologi-
cal Organization). The calculations of new statistics are consistent with that of typical ones. The new sta-
tistics can also be used for the verification of vectors, like wind field. The calculation results of new statis-
tics of global WRF show that the prediction of global geopotential height is usable in seven days and better
in five days for the example in this article.

Key words Global numerical models; Statistical test; Distance; Similarity

%5 B EA ( Received ) :2016-10-23 ;{2 %8 B 8 ( Revised ) :2017-02-14; [ 4& H hiz H 88 ( Published on-line) :2017-10-18
] 48 HH Rttt 31k ; hitp : //kns. enki.net/kems/ detail /32.1243.P.20171018.1624.016. html

EEWE : HEK HAR LSRN H (41375063)

{# {5 1£%& ( Corresponding author) : 5§57 JX( ZHANG Lifeng) .zhanglf@ yeah.net



222 5 %

B 38 &

51 B

A BRI A A T E T R
O S AT A O S AR I A 0, P TR
IR A, 30 0of A =X HE 22 )~ i L AR =X g [] AR
SRR E 2200 H U AORS B BRI
R B0 2 4 TR B M 91 4 8 5 % R ) R B BA
A, R 56 1) N 2 Ay R B A S i — I T
Yo HETBE AR B0 B 1 X KA # B K 3 A
e S h B LA A, B 2 5| A Bl AR R
FGEH D7 8 AT 2 ST AS O 5 5 2 D9 B S
B, 2 PR, CEE R 30 TR AT b T v 4
TOARRICR A 56, fe UL Y 2ok D WMO #E 72 1 3
F5 R 1% 22 ( Root-mean-square Error, E s ) FIHESEAHC
Z %% ( Anomaly Correlation Coefficient, ACC) iX Fj 4>
Fabn" O SRS A ERAE TR AR S R 45 R
PRI R TR T 22 20 POA% o X AR aF b S R L
WL AE T . SRR T 2845 UK i 1) 20, LR
T AR TR BT AN ], 2R 23 T AR K o 03 T AR
BN SRR TT AR 1) M A R A S T 4 15 22 A
HEAEBRTA b2 Pl 25 J32 1A (7] B9 (R s ) 341 £ A
T 5 22 S PR 12 s T AL A% T AR Y SF- YR, T
25 BN R A A% 12 A% TR A R 1 ) 5 (3K 7
75 AR 22 RN AH G R BT A SOh R 8%
JE o AL E RIS HE ARG T AR 37, X T 1)
T (R 55) WIS BE 5 (8 /9 HHez . M A
SO (flow ) BYME 1 &, R HIZ pRIE L, TE 48R
O PN E SCT R BT R R E R ) AL X 3
ANHTFHESER AR A T AR & 4
A% A 35 A 20 I DL A BR WRE A5k ], 6
B 7 IzA U R A B A RCR O 5 10 LR
25 FIBE P OC Z B0 A 36 285 Al T 0 L . S RTAE
GRS AU L2 il EOF 40 ik 1
KL WA %7 T i o R B ER
A A RSO T b, O SR 45 SR ) EOF 4% 45
AT R 22 53 B, >R F LA B 48 A5 0 58 A H O (i
ZAbFEIL S S,

1 BkmE_ERZE

— Az ] A eR R (W B R, A s A A
)i, A SR S @, W V45 Bl TE] ¢ 922 1L,
TERCE AR W (low) ", A p ALbRZ T BRI
LLEMAR LR RET RN F=F(1,0,A,p) ,iX 1
t NI, @ NERE X N, p AUk, R4 EH

— I 2R R (DU B TRHe A IE A | A
BRI BRI S, A (A ,@) e So 1ES I
XS B B R (B ) F = F, (@, ))
ME,=F,(¢,A), ﬂﬁ%”fﬁ%ﬁ;mﬁ%ﬁ?ﬁﬁmm
N

(Fiby=<[F - Ras . (D

IFI=(FF) 2)

(2)rhms L T RbR 1802, (1) =iy ds A3k
W Ao, YRHLEG Mg A ds =
a’cospdAde, Hrf a JyHEk 4R, FAEskE S B

TR [[Fds/s .

2 BEEEHITE

FRTH [P BRAC (IR ) L =F, (o, 1) i
F,=F,(@,A) ZZEREE0T R e .
E= | F ~F, | =((F, ~F),(F, = F))*,(3)
BRI R HCA S e T 3 P 3 3 2 ]
2 SR | B B, PR 2 B B 0 0,
B R P 52 A M) SORERE A T At
ORI, D% S48 U4 A 30 0 15 S M B A
i 2 B 9 25 U BT P 24 %5222 1
/N

o BRI 2 26 A B OB, 45 (3) sb o Py A
Fy bt MBE B35 A5

M N
z 2 (Fli,,j - le.,/)zcosgoj

i=1 j=1

E=|F -F]| =

M N

Z Z cosg;

i=1 j=1

, (4)
B g R S ) 2R A R AN S, HAT =
1,2, M ,j=1,2, - Nsilii M, N W53 50226 1) 2
T JT 1) ) A BEEI, o, A AL AR AR L
i (3) P Fy M F, it XAV, =ui+oj
IV, =u,i+v,f, X B i G BRI b A 54 ] 2, Dot
IS AT A 08

M N
z Z [(uli,/ _uz,f)z + (UliJ _UzJ)z] COSQ;
B~ =1 j=1

(o} (5>



23 RIH 55 I 2 BRAE PUHRA CAAR LU S5 FE AR 223

3 BAUERHITE

3.1 fEENEY
WF =F (o,\)fl F,=F,(o,)) ZEKifi LY
WA BB IR ) | T S T AR ™
(R )
A (
MR — M2 5, 5 AL —1 <R <1, R=
Ui WU B B 5 Fy T RS A e ]
R=— LN, W4 2 i) 3 5 35— B (0L A9 A
M R = 0 1 AT IE 5, B
| R [ 677 1 T T P75, 25 ] 5 6
S
32 RERE
FE R (% 5% ) T 2o o FOR B
NS L O SE A Py, L B 175 0 36 B
225 (R 505 ) F 3 B 422 s T B T
RO TT , S2BF L SR 5 B 175 6 25
OB . SobER BURSS ) FISC05 Fy, BT
TR HARZESy F',OfF', WAL, i B A 22 A0 12

JE s A (6) 3, (KU 1 F, L F, 205 B 4
JF, F FARACZ o IEFERLRESIBR F, F1F, P

A AL [F F 43, BN BERS RS A i & 43 Fo, AT 32
e 1RSI Y VAR

XA Fo, e IR RE S Fo (N
PR s R R8G5 ) AXEUED] CUET ) -
WAY) F, 5HZ%Y Fy WHETERKE Lo i 255
SE AR, P (AR 25— AN B ) 221 1) 20 1
IR fin 22 370 -

R =

F'=F-F, —iﬂ(F—Fo)ds (D

mmﬂpds/s 0, it F=F,+F'. (7))

I, ﬂﬁ%%FﬁmF Fo VLR HAEBRTE LA 1 oF
B s, FALH F-F, SR E

MEHY F, 53 B S35 KRR iR
Yt W) F=F, 53508 F #1235 25 3 0 B
LA B AR LAAZ AR 46 3 o0 S i AR Ak
Bl 1) 5 LB R A £y 55000 F, R 22 M)
JEE RT3 SR 22 A ST R AL ARG ) L 5 3 P
AT bR, P A 5 %U)ﬁ%?ﬁf%ﬁlﬁ%ﬁ%
V14 B S AW ) 5 K S 52 990, £ AL 5 7 3 T i
B AR
33 REAUEMNITE

XoF - BR T 6 25 A% 5 EORCHE , X T T AR L SR
(3) 2, W 2ZE AR AT A X

M N

Z ZFI ,Fz COsQ;
R =~ e

M N M N
2 ZFI ]cos¢1JZ ZFzzjcosgD}

i=1 j=1 j=1
, (8)

EIRZEY F oA NS (7)) X0 h .
2 2 (Fl.,. - Fom-) cosg;

M N

(9)
FiimZES F' FF', i, i3 V, =u, it j
MV, =uyi+v, j, WHRZEARLE TR

fW2e5 V' RN

i=
V’Ii,j = I:(ul,,, - uOi,j) -

MoN
2 (u;i,ju;i,,' + v;i,j ”;i,j) COSQ;
=1 j=1 , (10)
T
;;(u12j+1;1 J) cosp; 2 E(u“ + v, j) cosg;
M- N M N
Z Z i, ~ Uoi 1) COSQ; Z z (Uut.j - ”011) COSQ;
: lw N Lt | (v vOJ)_l:IJ:IM N J o
2, 2, cose; Y > cosg,
=1 j=1 =1 =1
(11)

Vo jH9ZeRaRIR b AT K F AR 1 O 2,



204 5 %

B 38 &

4 ERIEREREPRINH

AR el h LIRS ARTE EOF Zpfig b i 23k,
SR AT AR B =L v v &L 8w s Vil S K el LI AN =B 8
FABR WRE 55 2 (1) o 1) K A0 47 205 21, R FH 35 b
P B ST AR 3 A o) AR SR AR 56, O 55 4% ¢
G- RIS 7 MR AR 22 ISP G R B 25 Sk 1 L

SER WRF #5500 0 I HE 4L 5 4 B 7 ) X 3,
WRF st R EGR 78 I BOZ R 59 26 1] A
gl 0.5°x0.5°, X Bk &, UL L M, N
WUE R : M=720,N =360 ; #5303 B 4k 27 )22, B15
) AR N 180 s iy Byt A5 R T WSM3 7%, K
PR SR A RRTM J5 48, 4 % 4% 94 R A Dudhia J5
2,3 M )2 7 2R Monin-Obukhov J5 %€, il 1fi i
FER MY BT %, Bl oS80k )7 % % A Kain-
Fritsch 758, AR it ]2 2010 457 H 17 H
00:00( tHAAF, FIH) , B14> 10 d % 26 d 12:00, 7¢
PR B P& T 22 H A pE 5B S R #2010
AECRIHR” G R Bl AT o R X o 4 1 B
NCEP % 6 h 1°x1° [ 9kl K 0485 X ) 52 450 37 5% T
NCEP 3% 6 h [ 0. 5°x0. 5° B %Rl R A, 1636 ) X6f
B 1 9 500 hPa 55 523751 850 hPa K375k 52t
4.1 EOF & f#rh FidiEfRpIRIA

TEREE p G S BE RN F (x,t)  BUE T
R [FE BN G(x,0) FEME F(x,1) (G(x,0) B
MRZEG v e (,A) o B F(x,1) #E4T EOF 43
fift -

F(ux,t) =fi(O) ¢ (x) + () h,(x) + - +

SO (x) + -, (12)

FEBE (%) sy () oo g (2) L RS B 25 ]
By, (1) fo(1) - fi(1) - RS BAS A SC I R] 1 e
TERBAI R RE BT ¢, () @ (x) o (x) |
s HAT IEA I — M, W R, T G (v, t) AT 4521
SEIRJRIT . XFEA

G(a,t) =g, ()ih(x) +g,(1)h,(x) + - +

g (x) + -, (13)
B F(x,0) 5HRY G(x,0) BE K IEE

HiE= | G=F || =((G-F),(G-F))™, Hul & Wi
5 S B HRE L (1) L (12) SR A L
W E 3kt 15 R E g, B 158 0 — MR

'5'::
E= /];(gi -/

(14)

A AT WS & F(x,0) 5T G(x,0) Z 1
R AT A L A R R R BOR RN T
(14) K IE XA R R EUT 8 g 5 f; Z 11
B R IR 22

B F(x,0) 50 G(x,0) PIE R 2240
WEHR:R=(G,F)/C| G|l - |F ), kT iZm
BRI OCRRBE . # (11) L (12) ARA L R RIS
o R R R o, B IESSH — PR AT A5

ZTgJi

R = o

JZe 2

M B WA S F(x,0) 5Tk G(x,0) Z A HY
it 25 FE AL tho mT 5 3th P 1 257 %) B ] e T R Ok
o T (15) FIE X WA I ] BT REUT I g, 5
£ Z IR AH G R B
4.2 FHAEBEMKLIE
4.2.1 HEBEXNIREHKE

X WRF R it 1~9 d #9 500 hPa &
FIVKF R (R 52 00377 , T 2R P 8 I A6 6 e kit 2 | &%
UL 1, 78 BRIV, PO 04 1 5 I 700412 1) 3%
B JE 2R TR N, iy 3 d A, B 4 d JT 4R BB
BHEIN R AR MEREAE 10 247 (HEE 8 d BE
9 d¥E N B A s g . % SR AR AN R £
BE b W e 4 05 2%, IR 4 BRAZR = 1 R 45
N 5 Ah B R A B S SE I S, X 5
AEh R & B R ER R 26 (90~ 60°S ), m Bk 4
(60~20°S), #4H7 M [X (20 ~20°N) , b3k v 26
(20~60°N) ,JbFEkE 26 (60 ~90°N) , MITH L5
FFH (F& 1), PR Ml X0 B B 8N T r i 4 5 b X
B RE S 5 Jb2fBR b i 4 b X A9 I B N TR R
A X A B m e BRSSO

F1 £XEAELEEEE 500 hPa 5 ERRH S RIFHERS
Table 1 The distance of predicted and observed 500 hPa geopotential
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height in the whole world and different latitude circles
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/d W &g e WX P 5 4

1 12.161 12.004 8.694 8.901 14.236 62.418
2 24.288 28.910 14.637 11.539 25.573  62.418
3 38.430 43.407 21.778 14.180 43.135 100.038

4 46.460 65.206 30.613 15.097 51.148 113.646

5 56.105 73.830 36.927 13.701 66.532 133.938

6 66.051 77.215 45.070 16.142 92.462 128.332
7 75.814 90.867 53.462 17.819 114.334 116.749
8 86.762 124.301 61.473 16.456 124.758 141.048

9 89.162 120.759 59.768 13.789 134.735 134.781
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Table 2 The root-mean-square error of predicted and observed 500 hPa
geopotential height in the whole world and different latitude circles
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1 13.806 11.228 8.817 8.905 15.166 22.398
2 30.205 26.694 15.390 11.537 27.480 57.117
3 47.089 43.777 23.401 14.175 47.757 85.735

4 60.567 74.488 33.203 15.102 55.453 102.915
5 72.181 87.715 40.172 13.726 72.400 119.075
6 77.274 79.622 48.677 16.170 102.279 109.736
7 86.493 98.695 57.603 17.876 125.908  95.740
8 108.297 163.358 66.423 16.547 137.070 111.331

9 105. 896 143.937 64.336 13.881 146.169 110.968

&3 4K 850 hPa RUATR S5 S5 37 K BE B
Table 3 The distance of predicted and observed 850 hPa wind

vector in the whole world mes™!
TR B2 d A BRI HE
1 1. 964
2 2.247
3 2.504
4 2. 680
5 2.942
6 3.055
7 3.163
8 3.238
9 3.236

*4 E£HKRAELHESEE 500 hPa 5 & IEFHEUE
Table 4 The anomaly similarity of predicted and observed 500 hPa

geopotential height in the whole world and different latitude circles
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F4 g5 TR I EE T AH LB X WRF AR X
500 hPafs B 37 iR 45 L ARG 56, 2 IR WMO 45 Hi 1)
500 hPa /= B A R 5L =0. 6 /24 500 hPa 1

1 0.989  0.994 0.984 0.903 0.992 0.982
2 0.953  0.971 0.959 0.793 0.971 0. 892
3 0.895 0.934 0.911 0.663 0.918 0. 654

4 0.852 0.819 0.839 0.664 0.868 0.463

5 0.770 0.748 0.769 0.752 0.714 0.320
6 0.685 0.717 0.670 0.640 0.386 0. 406
7 0.613 0.621 0.565 0.489 0.098 0.523
8 0.488 0.398 0.397 0.538 0.071 0.293
9 0.450 0.616 0.309 0.655 0.109 0.310
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Table 5 The anomaly correlation coefficient of predicted and

observed 500 hPa geopotential height in the whole world and

different latitude circles

mm Bk dRER deER el EREER BERR
/d WH S g X R4 = 4

1 0.991  0.992 0.986 0.903 0.991 0. 983
2 0.951  0.969 0.962 0.794 0.970 0.902
3 0.891 0.909 0.913 0.665 0.909 0.709
4 0.830 0.726 0.835 0.664 0.855 0.499
5 0.754 0.638 0.761 0.751 0.681 0.411
6 0.717 0.698 0.673 0.640 0.310 0.455
7 0.675 0.622 0.570 0.489 0.034 0.568
8 0.526  0.399 0.395 0.536 0.031 0.358
9 0.553 0.684 0.301 0.653 0.091 0. 356

XF R 4.5 A 0L, 6 T[] — 4 i 24, B F- A
BLRE FIEE - AH OC 22 8500 2 10 A6 o 45 SR AH Y — 3L
WA 114 22 5706 F0GHY ]l DX B /N, R B M X 2, 1
245 FE b DX e K TE R BRI N, I TE TR 257 d
YIRT 0.6, B 43k WRF A5 20 A Ik KA i 7%
TE A 3K [ A rh R SO A il , 76 7 d ez
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4.3.2 EFHEUEIEEHAKRE

[FRE , 250 50 7 o 1) 1 3, an XU, DU BE P-4 4B
JERT 5 (10) EHE X HAG S . [FIFELL 850 hPa K37
Jfl, 3 6 51 T WRE T 43R FOAN [ 26 Bl oy
850 hPa JXUIZHE J1 IR I6 45 5 , FHiZ & 1] UL, 850 hPa
A7 i FEPARRURE B2/ T AH R 500 hPa 5 B 3 ) iR
SPAEALEE , iX W] WRF 2T 850 hPa X7y fig
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PTG 56 22 1 % v J3E 3, 500t R 3 4G 56
WA AR, 250 0. 6 4E Al AR, 764
BRI N, X XU T AT B8R 4 do DO TR s
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Table 6 The anomaly similarity of predicted and observed 850 hPa

wind vector in the whole world and different latitude circles

BURAAL, 43 LR JCER A RRER R
A E mS b K b A

1 0.884 0.919 0.872 0.796 0.923 0.873
2 0.808 0.815 0.779 0.670 0.882 0.752
3 0.727 0.639 0.670 0.615 0.810 0.593
4 0.626 0.329 0.572 0.582 0.714 0. 359
5 0.449 0.226 0.453 0.531 0.472 0.173
6 0.371 0.312 0.343 0.505 0.348 0. 125
7 0.280 0.275 0.271 0.468 0.215 0. 020
8 0.205 0.049 0.179 0.443 0.169 0. 094
9 0.214 0.235 0.144 0.446 0.150 0. 034

4.4 {@E A E R HR 56
T 45 TR AR ABLBE X 42k WRE A5
500 hPa /5 BE S R B 25 5 o A AT5 SR FARE 1] AH AL B2
>0. 6 1R RSB S i di vl AT br, W R 7
] UL, 7 A 3K L AR AE 7 d AN R T
0.6, 5L - 2BREE-F AU 25 A — 2, &
BN A , bRty X o] F A 5 d 46, 9
BRI R AR X T PR iR B 7 d, A
IR T 0.6 W B, bR X i i) AR fb e 5
A I ST B4 78 Ak R S 2 ) — B R T 60%
x7 E£HRBARLEEEE 500 hPa 5 E7 MR EEME
Table 7 The tendency similarity of predicted and observed 500 hPa
geopotential height in the whole world and different latitude circles
A axkk deeEk dekek Al EEPER BIEER
/d bR e 4 X 4 [

1 0.983 0.976 0.969 0.848 0.990 0.982
2 0.963  0.959 0.957 0.812 0.985 0.915
3 0.963 0.942 0.931 0.752 0.965 0.776
4 0.890 0.847 0.898 0.739 0.948 0. 626
5 0.841 0.793 0.875 0.733  0.908 0.613
6 0.780 0.842 0.821 0.569 0.810 0. 621
7 0.667 0.779 0.758 0.465 0.612 0. 627
8 0.532  0.462 0.670 0.471 0.612 0. 474
9 0.567 0.621 0.679 0.485 0.563 0. 520
5 #ig

(1) Hf L HEAR-5 18 W ] T HR SO K 56 19 1)
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