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Abstract: A large number of observations assimilated can effectively improve the results of model forecast.
However, there are significant differences in the effects of different observations on the forecast. It is one of
the most challenging diagnostics in numerical models to reasonably evaluate the contribution of
observations to the forecast. In this paper, the WRFDA-FSO system is constructed by the method of
adjoint-based forecast sensitivity to observation(FSO). Based on the wind profile radar detection(WPRD)
and ground-based microwave radiometer(MWR) data obtained by the mega city project in Beijing in
September 2019, the experiments on the impact of observations on the 12h forecast of WRF model are
carried out by using WRFDA-FSO system, and the contribution of wind, temperature and humidity
observations to the forecast is analyzed. The results show that: (1) In general, the observations(MWR,
WPRD, Sound, Synop and Geoamv) assimilated all reduce the 12h forecast error of WRF model, and make
positive contribution to the forecast. Among them, MWR observations have the greatest impact on the
forecast, and the improvement of WPRD observations on forecast is better than that of wind field
observations of Sound. (2) Among the U and V observations of WPRD and temperature and Specific
humidity observations of MWR, the positive contribution value of V observations and temperature
observations to the forecast is higher, and the effect of improving the forecast is better. (3)The observations
of WPRD and MWR at most levels reduce the forecast error and are positive contribution to forecast, and
the positive contribution of temperature observations is mainly below 800 hPa near the ground.
Key words Numerical model, Data assimilation, Forecast sensitivity to observation, Impact experiment
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Fig. 1 Time series of the impact of observation on the forecast (A€, units:J/kg) and its approximate
estimation (e, units:J/kg) at 0000 UTC (a) and 1200 UTC (b) in September 2019
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Table 1 Statistics of contribution of different observations to forecast error before and after eliminating
inaccurate approximate results (units: <10 J/kg)
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Fig. 2 Contribution of station observation with different observation to the forecast and its location
distribution at 0000 UTC(a) and 1200 UTC(b) in September 2019 (red indicates the negative contribution
of the station observation to the forecast, and the blue indicates the positive contribution of the station
observation to the forecast)

N T VRAS ARSI G REx gk 0 ok, Seit 0 Bir 2019 45 9 A 00 I A 12 i 2% XLl
BORLR TR 1% 22 0 DTk S A s I A 2 b, SR 0 tnE 3a, b B Herb, AR
USRS = S PO e S s R e 7SN Sy NS RV e =S DR L S e s =

H1 &l 3a AT &1, 00 AT 12 I ) 5 oI BB PR R 22 1 o R E A D D fE, 1 WA
D 1 PR ZE X PR A st RCR OV IE Tk, Hedr, 00 I i MWR LI X Tl ) 52




Wi g K, HvkZr 5104 Sound. Synop. WPRD A1 Geoamv i, 17 12 BH& AR & MWR M
TR B 5 Bk, vk 294 Synop. WPRD . Sound #1 Geoamv Ml . i H1 &l 3b
AR, KR 12 B 1) Geoamv WL AR, 4 UL AT 23 W 7 43 bS48 T 50%, &5 Lorenc
and Marriott (2014) F1 Kimetal. (2017) [FWFFLEE REAR—E. HAF, Synop A 75
ME 4 b, #id T 65%, WPRDMWR 1 Sound A & W & 43 LLAL T 55%~60%.

| [
= 0000 UTC]
o
MWR MWR S486% o 1200 UTC]
54.01%
.
WPRD  WeRD 59.34%
59.51%
59.89%
6.53%

Sound Sound m

66.46%
65.27%

Synop Synop

76.42%

(b)

80 70 60 50 40 30 2010 0 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Forecast error contribution/x10 J-kg Percentage/%

P 32019 4 9 1 00 AT 12 IS/ (&) ASFEDULII Pl iR 2 ) otk CBRfz: Jikg) AIRE, (b) AN
LI A & 2 b CRRAz: %) AR E
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Fig. 4 Histogram of average contribution (units:J/kg) of (a) WPRD observations and (b) MWR

observations to forecast error at 7 stations which are Haidian(HD) Yanqing(YQ) Huairou(HR) Miyun(MY)
Pinggu(PG) Daxing(DX) and Xiayunling(XYL) in Beijing at 0000 UTC and 1200 UTC in September 2019

XTT MWR UL, R 12 B B3 sl L o) F0HR 7= A T AR A DTk, el s 1)
MWR WL P () Tk el b330y IR DTk,  FLrp o RO uE AEE 2 0wk 1) MWR OB
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4.3.3 AN[R] v FE W00 % TR 1 Tk 3 b

N T VAN FEE BEJE WPRD AT MWR RIS Fiidik i o mk, 73l 4eit 2019 4 9 H 00
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Fizs. HIZE 3 W0, 00 i, WPRD ML Fiifi i) 7 5Tk 3= 47T 1000~2000 m 2 [d],

HAEZRE UM, 1 H AR v B I PR A B35 0 IE DTk e 12 i, Sk k

WPRD % a1 FE W S5y et 7 P, ek s 1 TR 22

2 32019 £ 9 H 00 Hf Al 12 AN A B 2 WPRD M % Fiidi 12 25 (1P 2 ok Bz Jikg) 4iit

Table 3 Statistics of average contribution of WPRD observations at different altitudes to the forecast error
(units:J/kg) at 0000 UTC and 1200 UTC in September 2019

L 00 I} 12 1)
mEE

U(lkg) V (Ikg) U (Ikg) V (Ilkg)
<500 m -129.32 -289.43 105.27 -497.88

500~1000 m 23.99 -60.47 -248.26 -300.04
1000~1500 m  216.62 -37.83 -80.44 -188.43
1500~2000 m  180.83 -135.84 -153.71 -144.17
2000~3000 m -49.26  -103.49 -99.29 -102.72
3000~4000 m  -156.17 -38.77 -64.03 -20.35
>=4000 m -61.11 -21.52 -33.31 12.6
H1%% 4 AT, MWR B 2 50m 2 M s 7 PR 22, X ik o 1E 58k 00 i,
MWR FI %6 TR ) 6 53 ik 32 B4 T 500~800 hPa 2 i), HEZRE T WM, w4
JEE 2RI X TR 351 9 TE DR o 12 B, MWR SIS T 1) 67 o ik 3= 247 3~ 600~700 hPa,
FoAR T B R OULI A B35 1 R 22, RO IEDTER . (RIS, T U Tk ()
TUBR - EEAL T 800 hPa LATR, HXS Wik JyIEoTHk, 600 hPa LA b f) T ML Fifik
i ARG
42019 4F 9 H 00 B F1 12 B A [F] 1 2 MWR SEIUG) TI4R % 22 (1)~ 35 ok B Jikg) Seit
Table 4 Statistics of average contribution of MWR observations at different altitudes to the forecast error
(units:J/kg) at 0000 UTC and 1200 UTC in September 2019

00 i} 12 i}

T@U/kg) Q@/kg) T(Wkg) Q(lkg)

>000 hPa  -1949.85 -77.67  -919.90 -51.68
800~900 hPa  -580.04 -132.18 -419.22 23.19
700~800 hPa 356.33 -1.47  -163.18 -90.48
600~700 hPa 144.00 -41.48 28.37 90.92

R

500~600 hPa -5.21 55.16 10.35 -13.02
400~500 hPa -7.08 -97.08 2.40 -21.19
<=400 hPa 6.33 -130.80 4.46 -39.21

4.4 JLJDS FHAR TR 2 7 B IR R A

EIR 4.2 T A3 570 M T ASFE B RN WRE #5230 12h Fiidik i otk & 4, (22 AR
TSI A8 75 s UL I P2 2R LI v FEE AU 0 K S F) S R A B PR 22 5, JC LA 2019 4E 9
300 I k845 R, WPRD ] U WIS Fiidk o ok, WPRD WL 1) 1E TRk = 4K
WA R, IF H MWR OB Filfk (0 IE sTiik AR H 5 - (18 3a),  x il (i et R R i
i 1 Sound ML, HH TR A I SRR 100 2 R S AR T I T 800 hPa LA T
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T W0 e BLIZEEX 2019 4 9 J1 00 Ak S I xoF Tl ) 2 min i 56 45 R i WPRD AT MWR FL
FARLHHAE, FEAT 2 2RGE b, PRIT AT 58 3 BOW I AR 1) Tk A7AE 22 57 10 S A
4.4.1 WPRD WL X T8k v ik 22 5 P 70 A

EEXF 00 I A WPRD (9 U,V LI EE, BCH B2 (UM SHESRER) 14
SHE [ FIR 2 o PSS, 25100 4 mis A1 3 mis NBRME X 45 Rk T 03, 4t %
FEIX A A 1E A DT R AT IE S ST O I, S5 R UH 3R 5 oo Fer, LIx Fid 1 22 1Y
UBRME A IEAE R, R WG K 7 PR 22, XS Tk o fiooTik, M oT ke Dy FuE R os
RN T TR RZE, XA 9 IR TT#k .

% 52019 4 9 F 00 It} WPRD MLMIx Fidh iR Z= vtk CHAL: Jkg) 73R4T
Table 5 Classified statistics of contribution of WPRD observations to the forecast error (units:J/kg) at 0000
UTC in September 2019

U A U A
B TTER(<L0%/kg) 1 ML E 1ETTER(><L0%)/kg) /| L%
loy|>4 |oy|<4 loy>4 |oy|<4

0<3 148.75/37 157.99/730 -76.35/74 -195.55/969
>3 0.12/4 0.92/36 -3.16 /17 -2.43 /80

VAL VA
FUTTHR(<L0%0/kg) / W% IETTER(><L0%0/Kg) / L%k
loy|>4 |oy|<4 loy>4 |oy|<4

c<3 61.40/28 100.50/697 -35.13/46 -281.52/1039
>3 0.14/3 0.87/49 -1.89/10 -1.98/75

5 7750, 4MIRE o>3 I, WPRD MG/, XA & 7.04%,
FOO AR I DTiRE (IR AT RIS TSR ZE o<3 INF, % 87 ARy UL A Uil
XAk DTk GE. 0Tk %05, KB 2019 45 9 H 00 () WPRD M+, %
BOWM B R B, BN TR ™ A2 T IROREE, A D BOWIN B e RS B, O
BRIk S

LWIRZE 0<3 Hloy|>4 I, BRI, HEMFEITTIER ERE . HO Tk )
IE. oTEkE e, U o<3 Hloy|>4 BN TR =28 T RoR e, X5 HiHE Ty
FHBEENBER. G82R (3) Aa (12) nTRLEH, SIS R Tk — e f2
5 oy BIEL, SR E o B, [FIRF, EF0 5ok g g b =4 T
A TTEMER LS, AT EE T IR ZE o<3 H|oy>4 P s, 258 T E
5Fn, BEF “YQ_107 ARt R IERHT 9 A 10 HAM .

HH I 250, 57 DTk B I BB A = A T T i ) B DT R, B T e R 9 H
10 HANM BN F=AE 7 W i S sk E. 9 H 10 HZEFRES Us VWX Fid ) 67 o ik
B, 53320 Az SOUIIT T A ) £7 DTk 1Y 49.01%F1 55.36%, it B/ A1 45 SR X s
PRI EE R = A T ARCOR B2 o T HoaZa o WE S 7 XU (Lanzante, 1996) 17
FEAEAS S, U B AT e I A 2 M B2 Rk B 7 I TR g Fa e ik o T 8 0 o 6 v
(6<3), B ERIK (6y>4) FIEOLT, 2885 WIS PR i o7 k&0 2 67 o ik,
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it IR A e, EEEMA T HrA X (Lorenc and Marriott, 2014), MIfjfaif5—tei
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Fig. 5 Scatter plot of (a) U observations and (b) V observations of WPRD which ¢ <3 and |dy| > 4 at 0000

UTC in September 2019(black indicates the negative contribution of the observation to the forecast, and the
grey indicates the positive contribution of the observation to the forecast)

1124 0<3 H|oy|<4 B, %M A2, T 500 08I0 X i 1) 5Tk A 1E TR,
(A AR TR R 2 BRI AR 772 AL T S DTk, Us VU A St TR A 6 BT R B W0 000 5 43 3l
N 730 A1 697, 3 B0 5 UL K ) 37.49%, 35.80%. X P AEIEAS Y L MR 2
s Z R ERI R T R — S HN BT AR e, SEHTRIEER TATE R K. 2
e AR R, 7B 2 AR AT BB RN 5 T
4.4.2 MWR L0 P oT ik 22 S 0 Al

EFXT 00 B () MWR (1) T Q WLINEHE, e HURr 238 & 0 28 0HE oy AR 2% o,
A3 BIDLEIAR ZE ) 1 K AL glkg BLRZ|oy| i 2 K Rl 2 glkg NIRIME &8 BE T 035, 4iit
2528 DX B P9 1E 7 STRRAEL AN IE ST MR £, 25 R AR 6 . o, TTMREDNIEE R
ARG KT AR R 22, X SRR O 87 ok, 1 DT ERAE DA SR D SR Ik N T TR R 2
X TRAR N IE BTk -

K 6 AIAL MR ZE o<1 i, T MIMEA N 562, 294 T WIS ) 23.57%,
{ERZ L/ W B 12h Tk Z DTk (E AoTekdax (i) #m, B2 T T
LR TTERE C(IE. AOTBERZEXT ) 1) 73.34%. oy, AHEL T35 B84 6 |oy|<2 1)
S, |Sy[>2 BRI XS FRAR 15 22 (1) DT BRAEL S A bR vy e XA T W o Ul i 22 4/ HL
515 5022 SO, 6 PR e AR T AR, 3X 5 WPRD LI 3 B 45 R — 2.

T Q WL 1 G v 45 FAKSRARI 1 WL 5 22 40/ H5 15 55 22 TR IR , o Pt 11
SR . BARXT TN R 22 o<1 LI 1274, 2945 Q WS 2 (1) 55.29%, Tt
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12h TR ZETTEME (B, STTERAEXHED (GBS T SoTekE (IE. SASTERAEXED

) 54.23%. JFEAMER U VAT BLIISRE, 5% ot At v R R0 0o T4 A 5 56K fR) 5%
Mo X FER T Q MM AR ZE o<1 HIWLIZ) 89.64%H WLk H 700 hPa PA L]
ML, 175 700 hPa LA_EH Q MIMEAE AR /)N, FEGETHS BRI R Z BARH N, e
2R 3 LI R 2 22 o<1 FFAS AR LA BT B -

%% 62019 £F 9 JJ 00 i MWR WL Fildh i 2= i) ok CRfiz: Jikg) 702K 4eit
Table 6 Classified statistics of contribution of MWR observations to the forecast error (units: J/kg) at 0000
UTC in September 2019

T W T X
B TRk (><L0%J/kg) | L% 1E BTk (><L0%/kg) 1 ML %
|9y[>2 |dy|<2 |9y[>2 |dy|<2

o<l 50.81/39 309.20/197 -308.19/41 -932.91/285
o>1 101.56/418 71.54/558 -287.15/305 -121.72/541

Q M Q M
BUBTHR(<L0%0/kg) / L% 1E TR (<10%0/kg) / %
loy|>2 |oy|<2 loy|>2 |oy|<2

o<l 19.76/10 89.65 /474 -4.7912 -235.19/ 788
o>1 73.84/45 55.41/384  -49.06/85 -116.53/516

52 5 WPRD MU 45 5 —RE A, MWR LI o [F)RE 7 AR /D B A I % 2 o<1
RO PR A s B S o R DI, T ELZR A T Q WL R @ 1 XU 1 B A
e FrLL, IXATREA A SO 5t WLIR 22 0 75 ZE T E SR AL 7 R b — S S 501 4
AR, FEIHTTEH T AR X,

AT, % FS 21 2019 4F 9 H 00 B 1) T WP ik i 1 o7k 32 2247 T 800 hPa LA N (5&
4), FrLAGeit T SIS P 1 22 B DT kAR DA K 530 384 Bl s BE 1R o0 AT, DAER TR I&E A T WL
W PR A IE DTRR AR B I T RER R, 45 R0 6a, b foR. WA (3) AlAL /i
BB O B E AR Z s, AT R — e AR AT Re SR B ERGE L, T
SRR ZE B LG, BT CARIRE G v Bl = FE o0 AT, IR L AT i s (s e, 45 5 4
K 6c, d .

B 6a, b FIAT, T LI PR % 22 4 BT R AR FH 23 A 38 = 1) v 4L X %) £ 247 T~ 800
hPa LA, T1fi 800 hPa LA b )4 i 14 & A0 T LIRS Fifik 1% 22 i DT kA 50500, X Uk BH 43
Ml T REREIA T T WX TR 1% 2 DR o 1k LL & 6b [ 6 A1 6d AT, MWR
(T I P o A 488 2 [RS4SR IE LG &R, T RN R 22— e R Bl LR &R,
YL MWR I T UL 4 70 v 38 R/ 32 B2 IR 22 A5 T o RS2 23 2 B AR RIS,
(R LU 5% 22 AN, I TR A5 7 530 B A 5K, 1 v 2B S 4 i AR K
{ER MR ZEBECR, TR S E MR ER N, IS T ol E&K2ESE,
YA R ERDEE
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Fig. 6 The distribution of (a) forecast error contribution(units: J/kg), (b) analysis increment (units: K),
(c) innovation increment (units; K) and (d) observation error (units: K) with height corresponding to
temperature observations of MWR at 0000 UTC in September 2019
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