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Abstract Bayesian model averaging (BMA) probability forecast models were established through calibration of their
parameters using 24-h ensemble forecasts of average daily surface air temperature provided by single-center ensemble
prediction systems (EPSs) from the following agencies: the European Centre for Medium-Range Weather Forecasts
(ECMWEF), the United Kingdom Meteorological Office (UKMO), the China Meteorological Administration (CMA), and
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the United States National Center for Environmental Prediction (NCEP) and its multi-center model grand-ensemble (GE)
EPSs in the THORPEX Interactive Grand Global Ensemble (TIGGE), and observations in the Huaihe basin. The BMA
probability forecasts of average daily surface air temperature for different EPSs were assessed by comparison with
observations in the Huaihe basin. The results suggest that performance was better in the BMA predictive models than that
in raw ensemble forecasts. The BMA predictive models for the four single-center EPSs all had good forecast skills;
among them, the ECMWF EPS had the best. The BMA predictive models for the GE EPS performed better than any of
the four single-center EPSs; those for the GE EPS with exchangeable members (EGE) quickened the computation rate
and had the best forecast skill in BMA models for all EPSs. The mean absolute error (MAE) and continuous ranked
probability score (CRPS) skills of the BMA models for EGE improved approximately 7% and 10%, respectively,
compared with those of raw ensemble forecasts. On the basis of percentile forecasts from the BMA predictive models for
EGE, an extreme scorching weather warning scheme was proposed in the study area, which is of significant importance
for precautionary measures against such weather conditions.

Keywords Bayesian model averaging, TIGGE, Average daily surface air temperature, Ensemble forecasts, Probabilistic
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Table 2 Verification metric mean of BMA predictive
models and raw ensemble forecasts (Ens) of average daily
surface air temperaturefor different training period lengths
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models and raw ensemble forecasts (Ens) of average daily
surface air temperature for different ensemble prediction
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MAE 1.80(1.93) 1.78(1.90) 1.75(1.86) 1.74(1.80  1.75(1.84) 1.72(1.84)
CRPS 1.38(1.69) 1.35(1.67) 1.34(1.61  1.34(1.58) 1.30(1.46) 1.28(1.46)

90% 8.06 8.11 8.01 7.98 777 7.74




37

50 Chinese Journal of Atmospheric Sciences Vol. 37
(a) MAE of BMA determistic forecast
1.82 T T T T T T
180 b
: 15 -
= 174t 1
172 q
1 70 | | | | | |
NCEP CMA UKMO ECMWF GE EGE
Centers in TIGGE
(b) CRPS
T T T T T T
1.381 b
£ 134f i
T = _
“ 130 .
1 26 L 1 1 1 1 1 I ]
NCEP CMA UKMO ECMWF GE EGE
Centers in TIGGE
(¢) Average width of BMA 90% prediction interval
ﬁ 82 T T T T T T
2 81f 1
=
> 8.0 B
°§° 791+ i
2 78} i
< 77
NCEP CMA UKMO ECMWF GE EGE
Centers in TIGGE
5 TIGGE BMA (a) BMA MAE (b) CRPS (c) BMA 90%

Fig. 5 Comparison of BMA

predictive models of average daily surface air temperature for different ensemble prediction systems: (a) MAE of BMA

deterministic forecasts; (b) CRPS; (c) average width of 90% prediction intervals

307

304

301

298

Temperarure (K)

295

309

306

303

Temperarure (K)

300

297

6 27

(a) Quantile forecast and observation on 26 Jul, 2007

N NS S SN S S SN

1 1 L 1 1 L 1 1 L 1 1 L 1 1
1234567 8 9101112131415161718192021222324252627
Stations in Huaihe River basin

(b) Quantile forecast and observation on 1 Aug, 2007

S R N SR S S |

1234567289 101112131415161718192021222324252627

Stations in Huaihe River basin
a 2007 7 26 b 2007 8 1

Fig.6 Percentile forecasts and observations of average daily surface air temperature at 27 stationsin Huaihe River basin on (a) 26 Jul 2007 and (b) 1 Aug 2007

6 2007 7 26 6a & 1

6b

27 6a
BMA 6b 7 2007 7 9 8



1 TIGGE 24 BMA
No.1  LIU Jianguo et al. BMA Probabilistic Forecasting for the 24-h TIGGE Multi-model Ensemble Forecasts of Surface ... 51
8 57290 95 95
7 11 17 18 8 1 8 2007 7 9
95 8 8 54916
7 18 8 1 95 303.15K 30 8
303.15K

Quantile forecast and observation in 57290 Station

308

305

302

Temperarure (K)

299

296

293 [ |

7 2007 7 9 8 8

1 1 1
5 7 9 11 13 15

1 1 1 1 1 1 1
17 19 21 23 25 27
Dates from 9 Jul to 8 Aug

57290

1
29 31

Fig. 7 Percentile forecasts and observations of average daily surface air temperature at station no. 57290 from 9 Jul to 8 Aug, 2007

0.12 T

0.08

006} -

Probability

0.04

0.02

Probability

******* Observed temperature

8 2007 7 9 8 8 54916

10 15 20 25 30
Dates from 9 Jul to 8 Aug

303.15K

Fig. 8 Probability of exceeding 303.15 K and observations for average daily surface air temperature at station no.

306
1304
1302 ¥
L
E
s
&
1300 £
L
=
L
z
2
1298 2
1296
204
35

54916 from 9 Jul to 8 Aug, 2007



52

37

Chinese Journal of Atmospheric Sciences Vol. 37

21

BMA
BMA
TIGGE

BMA PDF

BMA
BMA
TIGGE BMA
30 BMA
TIGGE
BMA

ECMWF TIGGE

BMA BMA

BMA
MAE 7%
CRPS 10% BMA
PDF

BMA PDF

PDF

BMA PDF
BMA

BMA PDF
BMA

Schmeits and Kok,

2010; ,2011 BMA

BMA PDF

BMA
BMA

References

Applequist S, Gahrs G E, Pfeffer R L, et al. 2002. Comparison of
methodologies for probabilistic quantitative precipitation forecasting [J].
Wea. Forecasting, 17 (4): 783-799.

Barnston A G, Mason S J, Goddard L, et al. 2003. Multimodel ensembling in
seasonal climate forecasting at IRI [J]. Bull. Amer. Meteor. Soc., 84 (12):
1783-1796.

Bermowitz R J. 1975. An application of model output statistics to
forecasting quantitative precipitation [J]. Mon. Wea. Rev., 103 (2): 149—
153.

, , . 2002. 1.
, 13 (4): 497-507. Chen Jing, Chen Dehui, Yan Hong. 2002. A
brief review on the development of ensemble prediction system [J].
Journal of Applied Meteorological Science (in Chinese), 13 (4): 497-507.
s . 2010.
[J1. , 36 (11): 1-11. Du Jun, Chen Jing. 2010.
The corner stone in facilitating the transition from deterministic to
probabilistic forecast-ensemble forecasting and its impact on numerical
weather prediction [J]. Meteorological Monthly (in Chinese), 36 (11):
1-11.

Duan Q, Ajami N K, Gao X, et al. 2007. Multi-model ensemble hydrologic
prediction using Bayesian model averaging [J]. Advances in Water
Resources, 30 (5): 1371-1386.

Fraley C, Raftery A E, Gneiting T. 2010. Calibrating multimodel forecast
ensembles with exchangeable and missing members using Bayesian
model averaging [J]. Mon. Wea. Rev., 138 (1): 190-202.

Glahn H R, Lowry D A. 1972. The use of model output statistics (MOS) in
objective weather forecasting [J]. J. Appl. Meteor., 11 (8): 1203—1211.
Gneiting T, Raftery A E. 2005. Weather forecasting with ensemble methods

[J]. Science, 310 (5746): 248-249.

Gneiting T, Raftery A E. 2007. Strictly proper scoring rules prediction and
estimation [J]. J. Amer. Stat. Assoc., 102 (477): 359-378.

Grimitt E P, Mass C F. 2002. Initial results of a mesoscale short-range
ensemble forecasting system over the Pacific Northwest [J]. Wea.
Forecasting, 17 (2): 192-205.

Hamill T M, Whiltaker J S, Wei X. 2004. Ensemble re-forecasting:

Improving medium-range forecast skill using retrospective forecasting [J].



1 TIGGE

24 BMA

No.1  LIU Jianguo et al. BMA Probabilistic Forecasting for the 24-h TIGGE Multi-model Ensemble Forecasts of Surface ... 53

Mon. Wea. Rev., 132: 1434-1447.

Krzysztofowicz R, Maranzano C J. 2006. Bayesian processor of output for
probabilistic quantitative precipitation forecasts [D]. Ph. D. dissertation,
Department of System Engineering and Department of Statistics,
University of Virginia.

Li Z, Yan Z W. 2009. Homogenized daily mean/maximum/minimum
temperature series for China from 1960-2008 [J]. Atmospheric Oceanic
Science Letters, 2 (4): 237-243.

. 2010. TIGGE
[71. , 36 (7): 133-142. Zhao Linna, Wu Hao, Tian
Fuyou, et al. 2010. Assessment of probabilistic precipitation forecasts for
the Huaihe basin using TIGGE data [J]. Meteorological Monthly (in
Chinese), 36 (7): 133-142.

Molteni F, Buizza R, Palmer T N, et al. 1996. The ECWMF ensemble
prediction system: Methodology and validation [J]. Quart. J. Roy. Meteor.
Soc., 122 (529): 73-119.

Palmer T N, Alessandri A, Andersen U, et al. 2004. Development of a
European multimodel ensemble system for seasonal-to-interannual
prediction (DEMETER) [J]. Bull. Amer. Meteor. Soc., 85 (6): 853-872.

Raftery A E, Gneiting T, Balabdaoui F, et al. 2005. Using Bayesian model
averaging to calibrate forecast ensembles [J]. Mon. Wea. Rev., 133 (5):
1155-1174.

Schmeits M J, Kok K J. 2010. A comparison between raw ensemble output,
(modified) Bayesian model averaging and extended logistic regression
using ECMWF ensemble prediction reforecasts [J]. Mon. Wea. Rev., 138
(11): 4199-4211.

Smith R L, Tebaldi C, Nychka D, et al. 2009. Bayesian modeling of

uncertainty in ensembles of climate models [J]. Journal of the American
Statistical Association, 104 (485): 97-11.

Sloughter J M, Gneiting T, Raftery A E. 2010. Probabilistic wind speed
forecasting using ensembles and Bayesian model averaging [J]. Journal
of the American Statistical Association, 105 (489): 25-35.

Sloughter, J M, Raftery A E, Gneiting T, et al. 2007. Probabilistic
quantitative precipitation forecasting using Bayesian model averaging [J].
Mon. Wea. Rev., 135 (9): 3209-3220.

. 2011.
), 41 (11): 1679-1687. Tian Xiangjun, Xie

1. (
Zhenghui, Wang Aihui, et al. 2011. A new approach for Bayesian model
averaging [J]. Science China (Earth Science) (in Chinese), 41 (11): 1679—
1687.

Vrugt J A, Diks C G H, Clark M P. 2008. Ensemble Bayesian model
averaging using Markov chain Monte Carlo sampling [J]. Environmental
Fluid Mechanics, 8 (5): 579-595.

Wilson L J, Beauregard S, Raftery A E, et al. 2007. Calibrated surface
temperature forecasts from the Canadian ensemble prediction system
using Bayesian model averaging [J]. Mon. Wea. Rev., 135: 1364-1385.

s , . 2009. TIGGE
[CV/ _—
2009 . , 117. Yang Chi, Yan
Zhongwei, Shao Yuehong. 2009. Probabilistic quantitative precipitation
forecasts for TIGGE ensemble forecasts [C]// Water Resources Response
and Sustainable Utilization under Changing Environment—Documents
of 2009 Annual Conference of the Water Resources Professional

Committee of Chinese Irrigation Works Society (in Chinese). Dalian, 117.



