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Introduction



Model Domain Configuration
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Grid distance:
27km

151x151%38

D2:
Grid distance: 9km
142x184x38

D3:
Grid distance: 3km
172x199%x38
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GTS data, including SYNOP, conventional and
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Local AWS and ground-based GPS precipitable
water in Beijing area

Flow Chart



Data Distribution
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BE Tuning

» WRF 27 km BE well tested

» WRF 9 km BE from interpolating 27 km BE:
Interpolate from 27 km BE.
Tuning and testing.
Can be used to start the 9 km data assimilation work.

» WRF 27 km and 9 km BE recomputed

Using SI+ wrfvar (BE interpolation) + WRFv2.1, the pre-operational
forecasts in August 2006

Single observation experiments
AWS+GPS data assimilation experiments

» WRF 3 km BE

Apr 2007: Fix the bug of Gen_be software and recalculate BES for 3
domains

Apr 2007:Tuning var_scaling=0.5 for 3kmBES



AMDAR data assimilation

TS scores for 12-hr Accumulated Precipitation  Profiles of RMSE for wind and temperature forecast

. 3hr 6hr ohr
0.4 100 100 _ 1oy
0.35 — 200 200 + 200
0.3 r D‘? 300 300 500
$ 0.26 r c 400 é 400 é 400
P L
E o2 r E;; 500 @ 500 EDJJ 238
0.15 800 600 + 4
-] 1r]
obr »n Tt f;l 700 rofoof
0. 08 8 800 800 800 1
© Q90| 00 | 900 ¢
1000 ‘ ‘ ; 1000 ‘ ‘ . 1000 ‘
2 4 a7 3 4 7 g7 3 4 5 6 T 8
m/s m/s m/s
Th reSh0|dS | amdar ------ noamdar | | andar "~~~ - noandar ‘ | amdar ~---- - noamdar
TS scores for 6-hr Accumulated Precipitation  ststasmfessinzemsess /N BT LTRSS SN R AR T
o 35 B amdar Onoamdar 100 100 100
;33 200 | 200 | 200 |
) ~~ 300 F | L
0. 25 © 300 300
(R o 400 | / ~ 400 ~ 400 |
g 0.2 e il Z A Z f
B = 500 R b 500 H: i 500 it
o015 D oo AN - . < '
600 L 500+ \:
ot > : # X i} .
o 700t rovm b\ oot
0. 05 0 ann
0 Qv 800 f 800
g |s Q 007 900 | 800 |
g E 1000 j 1000 ; 1000 .
s 18 1 1.5 2 1 1.5 2 1 1.5 2
0.
degree(K) degree(K) degree(K)

Thresholds

*Positive impact will be brought by assimilation of AMDAR data.
*Short-term precipitation forecast skill
7 «Wind and Temperature forecast qualities



Local ground-based GPS/IPW data assimilation
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* Neutral impact over the whole model domain
* Positive impact over the Beijing area!
* Improved skill for 0-6 hr forecast
e accumulated assimilation effects of local GPS-IPW
observations would help model to create circumstance o) @
more favorable to the formation and sustaining of the
local convections

115.5E 116E 116.5E 117E 117.5E

6-hr accumulated observed precipitation valid at
10 2007080112-18UTC



Model Configuration
» WPS(v2.2)+WRFVAR(v2.1)+WRF_ARW (v2.2)

» Physics Package
WSM6 Microphysics Scheme;

Kain-Fritsch Cumulus Scheme I((:u=99) (for both 27 and 9km
domains), no cumulus scheme for 3km domain;

YSU PBL Scheme;

RRTM Longwave Radiation Scheme;
Goddard Shortwave Radiation Scheme;
Noah land-surface model,;

» The cycles run in cold start style at 1200UTC everyday
and in warm start style for the rest cycles of the day.

» WRFVAR analysis and WRF forecasts are performed for
27,9 and 3 km domains independently.



Performance during summer of 2008: SCORES



Performance Evaluation

» Data:
OOUTCI June~21UTC 30 Sep, 2008
3-hr updated interval
3km domain
» Verified against:
Precipitation Verification: |71 AWS stations in Beijing area

Objective Verification: surface and sounding observations
» BJT (Beijing Time) = UTC + 8hr



Diurnal cycle of the accumulated 3-hr precipitation (mm) during
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Diagram of the 1-hr accumulated precipitation
14 for 43 years in Beijing (Li, Yu and Wang, 2008)




» In each 3-hr period such as 00-03utc, 03-06utc,...,2 |-
OOutc, there’re 8 comparable forecasts from cycles with
different initial time.VVe have to answer the questions
raised from the forecasters:

Which cycle had the best forecast skill for each 3-hr period?

For each cycle initiating from different time, how about its forecast
performance for the diurnal cycle of precipitation in Beijing area?



Precipitation Scores

1mm/3hr
0.4
0.35
0.3 B 00UTC =
M mQO3UTC =
0.25 - 006UTC <)
N 02 || D09UTC —
@0 B 12UTC 3
0.15 H L | ®15UTC [
m 18UTC
01 1 W W T @21UTC
0.05 H - | i
0 L | |

00-03utc 03-06utc 06-09utc 09-12utc 12-15utc 15-18utc 18-21utc 21-X BOOutc

Valid Forecast Time (UTC)

» For the precipitation mostly occurring during late afternoon and nighttime, the runs
initiating from 06,09,12,I5UTC would have better forecast performance.

» The spin-up problem has been greatly ameliorated by utilizing the rapid updated cycling
data assimilation and forecast style.



Objective Verification --- 2-m Temperature

2-m Temperature
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Significant systematic error for 2-
m temperature.

Analysis did have the best quality.

Significant distances between
analysis and 3-hr forecast of
previous cycles.

Initial conditions with latest
observations assimilated would
have positive impacts on forecast
quality at least during the first 6-hr
integrations



Performance during summer of 2008: CASES



CAS.

T 1: 10 Aug, 2008

large-scale rain band disrupts
afternoon events




For 2008081000---Good analysis and forecasts

hPa 50
60
Racb Data
70
Pres:
Hgt: 80
(MSL)
A 90
Temp:
94 100
T-Td:
RH:
BT:
ePT:
Tmax
Wind:
Hgt:

Diagram Data

250

Pres:

300

400

500

Sounding

e oy
60
Raob Data
70
Pres:
Hgt: 80
(MSL)
td 90
Temp:
st 100
T-Td:

200

Diagram Data

Pres:
Hgt:
(M5L)
Hgt:
(AGL)
Tenp:
DryA:

Weth:
MixR:

129 hpa
15,228 m
49,961 ft
15,185 m
49,820 ft
-41.4 °c
-42.5 °F
143.0 °c
34.4 °C

0.8 g/kg

250

300

400

500

600

Initial ti'Bne :

0—-0

~Initial time :

00

RAOB: WRERUC-SOUNDING 200808100000.CLASS -- NA, 2008-08-10, 00:00:00 KM FT (x1000)
RAOB: EN1000.CSV -- 54511 - ZBAA - BEIJING/PEKING KM FT (x1000) hPa 50 - = =
CRPE total: 1226 J/kg r-- {1 ! | | |  cmeEtonly: 1240d/kg| 1 = [TTTTTTTTT"
PE+ only: 60
CAPE 0-3km: FS D g5
CAPE. .Hail: Raob Dat r
- f*‘z;?é: ® P s 7 DCAPE 6km -
NCAPE: res:
2 1 L
DCAPE 6kn: 9 \ Hgt+ 80 500 Temp: -5.5 OC 60
500 Temp: 60 (ML) 700-500 LR: -5.5 OC/km | 18—
700-500 LR: 18 astd 90 TROP Lvl: -- m AGL N
TROP Lvl: Tenp: " | FRZG Lvl: 4818 m AGL | 47|
FRZG Lvl: I Ta: 10 CCL Hgt: 980 m AGL Fss
CCL Hgt: 56 & LEC Hgt: 1174 m AGL T
TFC Hot T-Td: LCL Hgt: 689 m AGL | 16—
1 Hgt 18 RH: LEC-ICL: 1606 [
LEC-LCL: eT: 1fcEL Hgt: 12329 m AGL Cs0
1fcEL Hgt: . cclEL Hgt: 12812 m AGL 15—
cclEL Hgt: gl 2 aex: -
' - Lift type: LFC L
R X Lift type: Tmax: 108.8 °C 150 Shear bkm: 222/9.5 m/s | 14—t
Shear 6kn 14 TP 3 a5
45 : e
L 200 2
el 140 >/
KO 1240 r
TT: Diagram Data H
SWEAT: 250 n—t g
{ 5‘;’;»"5 n 5 > Pres: 123 hea 3
o Hgt: 15,519 m 10—
[ Boyden: [
\“-7 | EHI n!gkn: 10 (MsL) 50,914 ft 300 Pl >/
. oo ot e .
{ : 8 2% -58.5 °F 400 25
1 132.3 °c -+ 7/
7 ¥ 32.9 °c Euss \/
o)
| s FEm 0.3 g/kg 500 F \/
s
5 \/ o —15 \/
15 I e, . | . . 4k /
4 & ~/
OOUTC 10 Aug, 2008 nitial time . e
310 r
V4 __// 2
- 2 " — ; —5 f
A een IFC | t_ r F J
ITift J\ - Y =L o
] VRSN =] ° :
- NA, 2008-08-10, 00:00:00 KM FT (x1000) UM 030 11, 194 -y -ou -ou -au -3y -20 -10 0 10 20 301 C MSL MS
T T CAPE total: 014 J/kg hPa 5o FACE: WRERUC-SOUNDING 200800091806.CLASS -- NA, 2008-08-10, 00:00:00 KM FT (x1000)
CAPE+ only 934 J/kg 4 CAPE total: 906 J/kg
o cazE 0-3in &1 3k CAPE+ only 927 J/kg J
..Hai, ] X r
‘ cavfotal: 20 3/kg 60 Chbe.omailt 207 a0
T DCAPE 6km: 471 3/kg Raob Data 70 CIN 3 0.g5n 9
! 0 Temp Pres: 150 hea DCAPE 6km: 514 I/kg
700-500 LR Hgt: 14,264 m 80 500 Temp: -5.3 OC
T TROP LVl {MSL) 46,797 ft o 700-500 LR: -5.5 OC/km
| FRZG Lvl J5td: +655 m f 1 { TROP Lvl: 14218 m AGL
f CCL Hgt Temp: -60.9 °C FRZG Lvl: 4853 m AGL
} LOL gt e w L o et g A 1064 m AGL
{ gt 1 1245 m AGL
| LEC-LCL n 1 755 m AGL
| lfggll: ﬂq:: X 11‘.32% B AGL
| cc. gt : 91.7 °c n
Life type: . cclEL Hgt: 12677 m AGL
Shear 6kn . Lift type: LFC
/ 94.0 °c 15 Shear 6km: 211/7.9 n/s
198/12.6 m/s KL
14,264 m
~ . 46,797 ft 200 r v
e Diagram Data
2 250 S
: 146 hea
gt: 14,456 m
e 47,427 ft 300 S g
30.8 OC : 14,410 n :
17.0 w/s :y/’ 47,276 ft g 33100
y el indEx: 16.5 m/s /
-52.4 °F 400
DryA: 119.3 °C \/
J 31.3 °c
J 0.4 g/kg 500 J
J 600 \_/

2008080921 t=3hr =

301 C

MSL

b

2008080918 t=6hr

-10

301 C MSL



Forecasted dBZ--- is there any potential of blending for this case?

Observed reflectivity 2008081000
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CASE 2 : 14 Aug, 2008

heavy afternoon thunderstorms postpone outdoor events

22



» Several cycles have
forecasted the rainfall.

» Locations can’t be exactly
match with the observed
but the occurring time was
well forecasted.

23
Observed Forecasted Precipitation
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Opening and Closing Ceremony
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ening Ceremony- 08 Aug 2008
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Closing Ceremony- 24 Aug, 2008
Radar Mosaic Initiating from 2008082403 Initiating from 2008082406

Keight(T=0'dg ¢~ : © e s ues
s iw ues :

0 -2 0 s
Brightbandmey -34pZ: ALl levels 04/24/2008 09

S\ 2 Dataset 2005082405 RIP ppdbzy ‘Init: 0600 UTC sun 21 Aug n
2000062403 RIP: ppdvzy 3300 UTC Sun 24 Aug 08 Fest: BN 1000 UTC sun 24 ug 06 (1600 18T Sun 24 Aug 08)
Valid: 1000 UTC Sun 24 Aug 08" (500 18T s 24 Aug 08) i cgw»—zn ag c)
(=220 45 0 ek n

e 15 E e s

; : ) e iodEs ottt df i 90 195
10 oo B0 IMenl IO dE 10l eI 190 150
Enotfo: Sy e oo IO Wi 0alfd 10t o300 T T T L e—— -
L2 Model Info: V22 M _No Cu  VSU PBL WSM Bclass Noah LSM 5.0 lan, 37 levels, 17 sec
5 R A S b : :
Model Info: V22 M No Cu TSM Beloss Noah LSM 5.0 km. 37 levels, 17 sec L7 BT 0 Soddard IIPE, 2imple 10 20 Soagyr .
o it

o Goddnrd DIFF: simple K34; 2D Smagor

2 ol Bl . Boo® 1020 130,448, U0 185,

= I i ] 10 20 V- 0. 1 0, 130, 150 170 180 190
I e s ot Yo 51— Roo B Icxli0saf8) 10nidEuido 30
Mot e T2 N Mo Co TS P Y e Noah 154 20mm s 17w = R e
2 . T Noan Lot I A I A b

Model Infe; V22 M NoCu YSU PBL WM Oclass NoallISH 80 mn. 7 levels. 17 sec
BRTN ST: Godderd DIFF: simple KM: 2D Smegor



Outside of the Bird-nest
at the night of the
opening ceremony
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