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Evaluation method of numerical heavy precipitation prediction based on subjective
and objective circulation classification as well as method for object-based diagnostic
evaluation: application and testing over northeast China during the warm seasons of

2019
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Abstract: Based on Subjective and Objective Circulation Classification, a framework of
method for object-based diagnostic evaluation (MODE) is developed for numerical forecast
of heavy rainfall, and this framework is used to verify the heavy rainfall forecast by the global
forecast model of the European Center for Medium-Range Weather Forecasts (ECMWF) and
the regional mesoscale forecast model of the China Meteorological Administration
(CMA_MESO) in Northeast China during the warm season of 2019. The results show that 54
heavy rainfall days in Northeast China in the warm season of 2019 can be divided into trough
pattern (P1), Western Pacific Subtropical High (WPSH) pattern (P2), jet pattern (P3), western
Northeast China Cold Vortex (NCCV) pattern (P4), and Eastern NCCV pattern. Among the 5
synoptic patterns above, P1 and P3 are dominated by regional heavy rainfall, and the
numerical model has strong predictability for the occurrence of heavy rainfall with higher
Threshold Score (TS). The heavy rainfall in P4 and P5 is locality, and the numerical model
has poor predictability with lower TS. The P2 is also dominated by regional heavy rainfall.
However, the forecast deviation for the location, intensity, area of the heavy rainfall is
relatively larger, and the TS is also lower. In addition, from the comparison of CMA MESO
and ECMWEF, CMA_ MESO is generally stronger than the actually intensity and area of heavy
rainfall. The TS and false alarm rate (FAR) of CMA _ MESO for heavy rainfall are both
generally higher than that of ECMWE. The forecast deviation of CMA MESO has less
consistent , and the predictability of CMA_MESO is generally lower.

Keywords: Subjective and objective circulation classification, NCCV objective identification,
Heavy rainfall, Numerical weather forecast, MODE
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Fig. 1 Distribution of the national meteorological observing stations in northeast China.
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Fig. 3 Distribution of the average locations of Cold Vortex center on the heavy rainfall days



effected by NCCV. (black dots and crosses represent the western and eastern pattern NCCV
respectively and the dashed line indicates the location of 124°E)
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Fig. 4 Composition of 500 hPa geopotential height (blue line; units: gpm; 5880 gpm contour is
represented by the bold line), 850 hPa wind vectors (units: m s™'; red and black vectors represent
wind speeds more than 8 m s and less than 8 m s°!, respectively) and 850 hPa pseudo-equivalent
potential temperature (shaded, units: K) at 0800 LST of the heavy rainfall days in Synoptic
Patterns.
(a) Trough pattern (P1); (b) Western Pacific Subtropical High (WPSH) pattern (P2);

(c)Jet pattern (P3); (d) Western NCCV pattern (P4); (e) Eastern NCCV pattern (P5);
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Fig. 5 Composition of maximum (a. c. e. g- i) and averaged (b. d. f. h. j) daily rainfall amount

at each grid point of the precipitation product on the heavy rainfall days in Synoptic Patterns.

(a,b) P1; (c,d) P2; (e,f) P3; (g,h) P4; (i,j) PS;
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Fig. 6 As in Fig. 5, but for the forecast of the European Centre for Medium-Range Weather

Forecasts (abbreviated by ECMWF) Model.
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Fig. 7 As in Fig. 5, but for the forecast of the China Meteorological Administration (CMA)

Regional Mesoscale Model (abbreviated by CMA_MESO).
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Fig. 8 Box plot of the Thread Score of ECMWF (a,b) and CMA_MESO(c,d) in the rank of the daily

precipitation amount more than 25 mm and less than 50 mm (a,b) and greater than 50mm (b,d) on the

heavy rainfall days in Synoptic Patterns.
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FITR IR (MARD A2 AH R AR On AR b X i B 7K R T R A
NS ), A IR R B AR R ) i b AR A AR (A IR X L, (A
KT 60%) « BERm (EEREEHCH 44.6%) , FINAAE—ERERRK O
WAL 39%) o« ARG T, PR P2 855 B KR GRS AR %
o (CEEREEar th Rl Ik 68.4%, R R MIPNIRAEIEN 31.6%) , HIKOy Pl Y,
St FABRIE R, TSR HETE 28 =400 2 P3 AUl K, et T X A= 2 P4
RUBR K R BURHE S = Bk BB, TRERASREN, TR XEM, Xt
2019 4 ZRAbH DX R 28 AR A6 A iR AL 5 A /KO R I TR SR S A e 22, %o PS A
SEFEKS B, XA A TR Ay R AN 25.5%, MR A EIL 74.5%, IFRE
BE T 50%, MR P4 TR KN R, AR TR arh RAE 37.5%, BE
HEA 62.5%, IRIRFEMIAT] 54.5%. AI=FRERRAY (P13 B T, MK—
FEC LAY FEAFD 0K B0 DX S /K O 2, 008 s o0 L R A2 5 75 B R e
RURT AR, MARIEA RN T (P4-5 &), RERBE K IR AER RS, @

X ECMWEF AR 30RT CMA_MESO [X 5k RS AR 30T 44 3% AR AT 35 75 %
W, WM AR AR A TR AR AL i R R R A, X5 X5 (Liv and
Wang, 2022) 25V AL, 17 58 B 7K R TR A AR P S5 T e 7 ke i 5 2 A i
JE TR 5 SEBUAFAE (i 22 A1, 36 PRI 74- 103 B it ek 7K B 22 3 T A 50 )y e P8 2R A 1tk
RFAIE, 3% A BB AR 2O ¥4 TR 5 e /K T TR Mk R B Kkl 11 9 adE— 2B 4
AR RURN XA O AN [ PR AT 55 T 2019 AEIE R AR AL X AEAS 5K H o
5 PR R T POD FAR Al MAR 434, HAFMES 3R 1 A 1 BARERAE AL

% 12019 4EIEZEAR AL X 58 % /K 43 5 MODE #56 1——PF#/K 4 % Hi#i (f) POD.FAR 1 MAR.
Tab. 1 Classification of the heavy rainfall days and the Method of Object-based Evaluation
(MODE) on the warm season of 2019 in northeast China: probability of detection (POD) . false

alarm rate (FAR) and missed alarm rate (MAR) of the rainfall object.



POD (%) FAR (%) MAR (%)

ECMWF 55.4 44.6 39.0
CMA_MESO 44.7 55.3 39.8
ECMWE-P1 56.6 434 375
CMA_MESO-P1 50.0 50.0 40.0
ECMWE-P2 68.4 31.6 31.6
CMA_ MESO-P2 53.7 46.3 30.1
ECMWE-P3 50.0 50.0 50.0
CMA_MESO-P3 333 66.7 57.1
ECMWE-P4 37.5 62.5 54.5
CMA_MESO-P4 41.7 58.3 50.0
ECMWE-P5 41.5 58.5 45.2
CMA_MESO-P5 25.5 74.5 50.0
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Fig. 9 Box plot of the object POD (a, ), FAR(b, ¢) and MAR(c, f) of ECMWF (a, b, ¢) and
CMA_MESO (d, e, f) on the heavy rainfall days in Synoptic Patterns.
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Fig. 11 Box plot of the object intensify deviation ratio (a), area deviation ratio(b) and shape
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Synoptic Patterns. (the boxes, red crosses and red dots indicate distribution of mean and standard

of the deviation, respectively)
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Tab. 2 Classification of the heavy rainfall days and the Method of Object-based Evaluation
(MODE) on the warm season of 2019 in northeast China: the best model for the object feature

forecast, deviation characteristics and its percentage.
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P4 ECMWF Kb 45% CMA MESO fwmk 75% ECMWF WK 82%
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