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Abstract: The dynamic framework of the Model for Prediction Across Scales-Atmosphere (MPAS-A) has unstructured Spherical
Centroidal Voronoi Tesselation (SCVT) meshes with C-staggering, it represents one of the most important advances in numerical
weather prediction (NWP) over the past few decades. Because of the openness, normative computer program and documents,
scientific nature and progressiveness, the MPAS-A is chosen for developing an advanced global four-dimensional variational
(4D-Var) data assimilation (DA) system. As the first step, the tangent linear model and adjoint model of MPAS-A are developed.
The advanced global MPAS-A 4D-Var DA system not only avoids the errors arising from back-and-forth interpolations between
MPAS-A forecasting analysis grids and non MPAS-A DA grids as well as reduces computational cost arising from conversions
between MPAS-A model variables and non MPAS-A DA analysis variables at each iteration of minimization, but also provides
new opportunities for across-scales global DA with unstructured spherical centroidal meshes for weather and climate studies.

Keywords: Model for Prediction Across Scales-Atmosphere (MPAS-A), tangent linear model, adjoint model, across-scales global
DA with unstructured spherical centroidal meshes

0 5|8 JE— AR, PR RN BER H AR X IE AR
PR BRI  (MPAS-A) B &Aeiin  WELEE H AR X000 P 0 R X3, X2 —FfhLt
B AELE, &R T RARIAEDI . BRI RGBT DX ) e AR e A R (B R
BRIE4H 43 i 0> Voronoi (SCVT) M Fskg—2H 5 AWFFRMBUIR (WRF) BIRIED T 300 W 4l ik 5
AT EAR I HES K B RS w7 iR, A RER  #. MPAS-AHE T MBI B4 A, Xy
T F#CRH T MM AT R B BT, MPAS-A SCVT B IS8 7 5 WRFE A (A LMEA 58 44
P ks 2 AR S AR R, S ERER AR AT v A
WIS M5y, FRAETR BT H bR X AT R A . 7E MPAS-A& — ML, WA, 5B
. ET2018FESHITHXAMATT . T MPAS-AJH
MARE S 2021 R L ATH; BEAN: 221 FSABE  gpySCVTARRME, M. Mk, B, s
- E s LA 1 e D PERIE R FOWREI B BB, LR E — Ak
TNz 8 BREEHRLEITR (2018YFC1507004 ) Stk () 4 BRES R REPUAEE 4 (4D-Var) BEHAIMLZ

Advances in Meteorological Science and Technology S&EHT#RE 11 (3) - 2021 | 35



36

!
= $ =‘-v

SR
dvances in Met S&T

Gi. 55— 0L I MPAS- AL G o R D) £k 26 PEASE X
FEERERE R, MPAS-AP)ZR 28 PR AN AL Bt B 20 e 1
TE 4 HTvH ML B R v SFAR AT 4D- Var A R FOH X
TR 4RO A AT UG 2 1 R R AR o X T AR Tl
MRBUBMERE ™, A7 57 ) AR A TS DA R B IE AR
SRR B 25 1 B0 9 AN R e e R AT I e A O,
PERERE AT R — AN E I T A
1 MPAS-A 45718
MPAS-AZ) JJHELE 1 — 40 58 XAE HhJF 36 Bl 7 B
AR AR R 1 58 42 AT 48 () AR 70 KA FR 2L R
2 AN R T (1 70 P o SOAs
z={+ ADh(x, ), (D
Horp, GRORZNE I I B AR T R E . hy(x,y)
ForWTE R, A(O)ZR 742 i) Mt TR 52 I v 5 8 0k 1
A, TEHIBRERI ((=0) AT (=1, z=z) ,
A 73 EET TR0 A(Q) HIAE BE e 1R 8 I i s/
I HALF AL Gutth T 18 Bl i B Abr (1 A(O) =1-{/z)
REEE B ARAR (A(O)=0) ZJd].
MPAS-ABEETEH T Ep, 5. M HHE
(Pa=pa! &) For:
UV, W.0,.,0,)=p, (uyw,0,.q,), 2)
e, p—ApiE®E, Lhpgg LlELE, HH
fhspfE R B E LR E, A5 NFIMY
w2 A, us vRIwS RIR R IER
R 7K T3 5 — S I K o 0o 428 [ ] 71 ) L
G G G g, FRWBYIF, WK =K. AR
WEMIRAL: 0,2 AN H N S IERAT IR :

am—e(wlqv} (3)
&
Hor, e=R,/R,=0.622}% T 1= MSMEER (R) 5
IKEAMER (R 2. KRARE T FE R M
O, THE A Ep iz W 72

c,le,

RCO N

102
P

i FH 3 B A B E UIMPAS-A R 4 E # J) K
PR R R

Wy _ _&{Vg [ﬁj _ﬁz_Hp} —nk xV,~V,V-V-

4

ot 0
gzw o v
*—p,V K—eWcosa, ———+F,
oc % !
W __ps 6—p+gﬁm —(V-¥w) Juuvr
o p,\oC ¢ n , (6)

(eUcosa, —Vsina, )+ F,

a@lﬂ

t =—(V-Vn), +F,, D
0P
HL=—(VV),
. - (V-¥), (8
S (VH), oy 000 Qe O

Hr, Qthsk g MEE, roethskre, o
T, vRAgE, [=2Q :siny 2R B ER S,
N=k-VxVy+fREFELFHE, k=0 +v)/2%
KFERE, e=2Q cosy., BrT R (4 ~ (D, hFE

B, =(p, +ZQ‘/A)/szl‘ﬁ‘é%lﬂMPAS—A/%éfﬁo Vi

FE (5) ~ (7)) F(9) Aufi i FHUELS 3 Hm bA & FH
i P FE 2 B DT

2  (EREEERBRAD-Varia AP A ER

AN 7] 288 B LI A3 245 A5 A [R] 9 B [ A0 e8] 18] B
BEAT I & e LR AN S BT B[R] SRAF 0 KRS A 1Y)
“HRAE” AGTHRE, 4D-Varjg ZRIXAN R AUIRES AL & 1
“CRAET MhTE, ARG SR TS B A BUE R TR AR
SR R AOIRZS TR AR 55 A [R] ST 150 o R0 00 22 B e
Mo AT EAGAEPESBAEAE ] — N BUE R TR AR 30 &
B

ex(1)
p” = f(x(1));

Hep, x(0]_, =X, X TMPAS-A, x(2) = (U),V (1),
W (1), p4(1),0(1),0,(0))', fRRIFFE (5) ~ (9) Al
(I BT o

AERI BRI IR -

y°(1)=H(x(t))+e(1), (1D

o, y ()R e M, HZ T
e()RFIEMMBEZE (2 MBME TFIRE (g ZH
FIBEHLIAE, Ble=g"+e&" ke ()P I7 Z M2
X F AR o

AT RAGTE BN I 18] 7 (2,0, [ i BT AT W) 2
kL 4D-Varig L— MU 8L

J(x,) :%(xo —xb)B_l(xO _xb)+

(10

1 e T ’ (12)
> j (y° = H(x()) R'(y° - H(x(1)))ds

b, x N E R, BN RYIE LD T EE
Be . Ao B B BN B (X)) R 4D - Var 5 B7 3
J((x) )=minJ (x,). w7 LLAES, 5 {5 0 0 ¥ R
WM TR (69 « BRBIEE () AL
B2 (D WEIEMHN, AD-Var 35557
i F B K S S SRR B B K LA A 0
T (12) i S RO B R E O R, R

Advances in Meteorological Science and Technology S&EHT#R 11 (3) - 2021



() B OW I BT DA K s B oR B R R R I B R
. y(0)=y(1)6(1—1),

4D-Var 7 B34 B — M IMEIE AR FE 3R 15 1
A MEE R I R R — R BT 08 % xS
Horb, nBRIERUEL X0 =X, FERRIERE,
HOE A B AE X I HNOT [ ox [, RS B ML TR
o X F 458 BIWIHE S Ex” s B0 R AR TR A
(R (10) ) KIERBY R E X" (). WL R
BEAS 1 i R AR A3t B B T (s

aJ(x{") /ox{" ="+ B (x" - x,),

—% = (Z—Q x(t)+H'R"' (y° - H(x(t))), (13)
Hp, HEHWMUILEMHE 7. AR (&
(13) ) 153, 21 (£ Bt A8 BoALR ke 25 tH AR X
xMIRBRE, X R REE, EHE T 4D-VarfE B AE
MR EAL S, HRA R, HaeEAE
PR 2 s AT B IO, OXyo S AN B JE Sy (T
/N W

a]o _Jo(x+é;zxo)_Ja(x0)
3
Ho, S x 2, HEnhnBESETox] (R
N, TR AR B E N0, WAEYL, AT
FIEEABEEE A, AU HELR MR U NI, X R
THREARKR, EAATRESEILN .

3 MPAS-A¥IEEHHFER

1 FIMPAS-AH [(JSCV TR A% X} i BRER THI 3£ 47 25 Hi
o “Voronoi” — 1l HRE B P B ICCE 4 A
XAFAEIXFE I ME— M LK R, MTCHMTE AL
HAbARAT 25 5 e ix, I Hx R ERC R . BEAh,
TR T AN AE IS IR A% B 6 B A R B 26 3 LT 4 A
FICHE I

SRS MM A EL, BRER AR5 R SCVT IS %6
AP . FEMPAS-AH AT LR R TR =AY 1)
RS TC R E PR B oT: 1) Moo E, B
Voronoi PR A A 2) WS ICT AT E; 3) W
MU AT B, B A AR A B T R 1)
2 5iZ UM I . MAE240 km 2 R R IMPAS-A
HEI S1AE S5 MISCVT MRS 40 A (1) IR 5 ot
O, TAMLBRS (K2~E4) , LBRskmpgiet
TN REBAE B2 AR B 2 (154
NI RRG B 0D HER S ML R 4y 2042550 = A
(ED o EEANFL=/AEF, #AESLIE MR
TGo 12 TLATE M BTG ) 9 5 N0 ~11. 3
&I B AT AE20 5500 = f TR 30N |, 13X 901

) (14

Advances in Meteorological Science and Technology S&EHT#RE 11 (3) - 2021 | 37

Progress 44 7 (£ &

Bl 240 km# ¥R T SIMPASRIE I £ 3K 5 16
(AREZBMRETEUREHARZETR; EEENRAKZ
EMREERS (ERaML ) 2150 MIGETH R )

Fig. 1 Global distribution of the quasi—uniform MPAS grid
at a resolution of 240 km
(Cells with five sides are shown in shades of gray, the
shortest distance between any two pentagons (black
curve) passes through the center of the 15 grid cells)
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Fig. 2 Global distribution of grid cells (a) 0~101 (red) and
102~161 (blue), (b) 162~641 (green), (c) 642-1601 (black)
and 1602~2561 (grey)
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Fig. 3 Grid cells and vertex sequence numbers
(vertex numbers for grid cells 0-101 are 0-599 (red),
vertex numbers of mesh cells 102-161 are 560-959 (blue),
vertex numbers for grid 162-641 are 960-3839 (green),
vertex numbers of 642-1601 are 3840-4799 (black), for
the unnumbered vertices of grid cells 1602-2561, the

serial number is 4800-5619 (gray)
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Fig. 4 Grid edges numbered 0-74 (blue)

60°N §

45°N %5

30°N

15°N{

15°S <
30°E

E5 AZoHEMIERTH
( (88°E, 30°N) MHEES#ERR, 425 km; RHES#
EAHR2km, LFEEEHSFREMK; EFEETRT2000m
(S£4 ) #14000 m ( EZk ) M SE )

Fig. 5 Variable resolution grid cell distribution
((88°E, 30°N) has the highest resolution of 25 km, the
maximum coarse resolution is 92 km, located far from the
Qinghai-Tibet Plateau, the figure also shows the terrain
height at 2000 m (solid line) and 4000 m (dashed line))
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Fig. 6 Predictive variable (®,u.) and position definition of
diagnostic variable (6;,&vu,) in two—dimensional shallow water
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