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Fig.1 Spatial distribution of Liaocheng airport

meteorological observation station and the

selected aerological observation stations
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Tab.1 The correlation coefficients passing the significance test between

different precipitation types and physical parameters

LU e e AT Tw&
JELRE S5 1 000 ~850 hPa JELJE (H, g09 _gs0 ) 0.749 6 0.7213
1 000 ~700 hPa JEJE (H, g0 -700) 0.721 1 0.741 1
1000 ~500 hPa JEHE (H, g0 - 500 ) 0.656 9 0.683 0
850 ~700 hPa JELJE (Hgsy 700 ) 0.642 6 0.686 3
R EESEL Hb T 25 850 hPa P IR BE (T gs0) 0.748 5 0.724 6
HTHT 22 700 hPa “P-IUEE (T 700) 0.747 8 0.742 3
HbTATR (T ) 0.721 4 0.681 6
1 000 hPa JEEE (T g00) 0.730 3 0.687 2
925 hPa & ( Tyys ) 0.751 0 0.702 5
850 hPa JLBF ( Tesp) 0.697 5 0.716 5
VISRE = HbTAT % A (T ) 0.628 0 0.606 2
i T LG ( Q) 0.613 8 0.607 6
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Fig.2  Box plots of physical parameters at Zhangqiu station during 2011 -2015
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Fig.3  Box plots of physical parameters at Xingtai station during 2011 —2015
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Tab.2 The formulas of the prediction skill scores
HI5PF5r HHAR
M= (POD) a/(a+b)
ZiF(FAR) c¢/(c+a)
I FE R 6 £ (CSI) a/(a+b+c)
FLSH ISR (TSS) a/(a+b) —c/(c+d)
Heidke £ I57F-43 ( HSS) 2(ad —be)/[(a+b)(b+d) +(a+c)(c+d)]
*3 EERVEESHRKTGITES
Tab.3  Comparison of skill scores for physical parameters at Zhangqiu station
- EL i 5 L TSS POD TSS POD TSS POD
JE H, 00 -850 1296.1 1310.9 0.4867 0.700 0 0.6827 0.6757 0.7018 0.7159
SR H, 00 700 2 826.1 2 870.9 0.5378 0.8000 0.6827 0.6757 0.6136 0.6136
H, 00 - 500 5401.1 5449.9 0.5578 0.8000 0.5873 0.7419 0.6082 0.6364
Hgso 700 1530.1 1548.9 0.267 7 0.500 0 0.5835 0.709 7 0.5972 0.666 7
=853 Tt -850 -0.2 2.9 0.426 7 0.600 0 0.6975 0.7903 0.6450 0.6591
B2 Tt 700 -1.7 1.5 0.4667 0.700 0 0.7034 0.806 5 0.6905 0.704 5
Tt -1.7 5.2 0.3419 0.8000 0.3193 0.3387 0.6528 0.666 7
T} 000 2.1 4.2 0.4867 0.6000 0.7034 0.806 5 0.6991 0.7272
Toys -2.1 0.6 0.3387 0.500 0 0.6771 0.774 2 0.7294 0.7850
Tgso -2.9 1.6 0.3871 0.600 0 0.6575 0.8226 0.5497 0.591 4
KR (I — -0.3 1.9 0.216 1  0.300 0 0.5990 0.9194 0.6098 0.6236
28 @i 3.7 4.3 0.216 1  0.300 0 0.5990 0.9194 0.6098 0.6236
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Tab.4 Comparison of skill scores for physical parameters at Xingtai station

e T B (. TSS POD TSS POD TSS POD

JEE H) -850 1276.1 1298.9  0.4898 0.8000 0.4956 0.524 6 0.6576 0.672 1
280 Hyo -0 2 803.1 2831.9  0.5369 0.7000 0.6854 0.7869 0.6740 0.688 5
H,y 000 500 5396.1 5421.9  0.5184 0.6000 0.5916 0.8525 0.6268 0.6557

Hgso 700 1524.1 1536.9  0.3645 0.5000 0.6156 0.790 3 0.6510 0.720 4

R (T— -4.7 0.2 0.470 0 0.800 0 0.4543 0.4833 0.6263  0.6557
240 Tt - 700 -5.4 -0.9 0.503 1 0.900 0 0.5210 0.5500 0.6574 0.672'1
Tt 0.1 2.6 0.251 6 0.400 0 0.6865 0.8710 0.6004 0.6559

T\ 00 0.8 2.4 0.400 8 0.500 0 0.5913 0.866 7 0.5952 0.6393

Moss -3.9 -0.1 0.3338 0.600 0 0.607 8 0.7050 0.6385 0.666 7

Tyso -6.2 -3.3 0.406 5 0.600 0 0.6030 0.6613 0.7092  0.806 5

KR (i~ -7.2 -2.3 0.2097 0.5000 0.2897 0.4839 0.6004 0.6559
28 Quust 2.1 3.1 0.2226 0.5000 0.2800 0.4839 0.6111 0.6667
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Fig.4 Box plots of the index S with different
precipitation type samples in winter of 2011 —2015
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Tab.5 The fitting test of different precipitation type samples

based on the forecast model in winter of 2011 —2015

S BIfH S BfE TSS POD FAR TSS POD FAR TSS POD FAR
~-0.250 0 —0.0001 0.5903 0.700 0 0.7083 0.7125 0.8387 0.2000 0.7679 0.7957 0.026 3

K6 FTRERR 2016 FLFFE/KBEMTIRER

Tab.6 The evaluation of different precipitation type forecasted by the forecast model in winter of 2016

S BfH S BfH TSS POD  FAR TSS POD  FAR TSS  POD  FAR
~0.250 0 ~0.0001 1.0000 1.0000 0.0000 0.8571 0.8571 0.0000 0.8570 1.0000 0.250 0
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Research on Winter Precipitation Type Forecast Model in Liaocheng
of Shandong Province Based on Physical Parameters

SHI Weiheng'*, WANG Lei', HAN Fei', YU Wenjie',
KONG Fanlong' , SONG Haiging’

(1. PLA Troop of 71901 Unit 59, Liaocheng 252000, Shandong, China;
2. Institute of Meteorology and Oceanology, PLA University of Science and Technology, Nanjing 211101, China;
3. Ecological and Agricultral Meteorology Cenire of Inner Mongolia Autonomous Region, Hohhot 010051, China)

Abstract: Forty — six physical parameters were calculated by using daily regular upper sounding data from Xingtai and Zhangqiu aero-
logical observation stations and hourly regular observation data from the Liaocheng Airport in winter during 2011 —2015. Based on the
significance test of the correlation coefficients between physical parameters and different precipitation type samples ( precipitation events
which occurred less than 12 h after the observation time) and the analysis of numerical distribution of physical parameters for different
precipitation type samples, 6 physical parameters of Zhangqiu and 6 physical parameters of Xingtai for prediction were finally selected
by using the methods of box plot and skill scores. Through analyzing the indication to different precipitation type samples of different
physical parameters types, and according to the different thresholds of physical parameters, different criteria for different precipitation
types were determined respectively. Thus, the forecast model for precipitation type in Liaocheng was established through the member-
ship function conversion method. The fitting test and forecasting test of the forecast model were verified with a good result and the accu-
racy rate was over 85% . Results from this paper could be a good reference for operational work in areas without local sounding data.

Key words: precipitation type ; physical parameters ;forecast model; Liaocheng;skill scores



