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Abstract: Neighborhood method has been widely used in numerical weather forecast verification. With the development of
high-resolution numerical model, there have emerged new neighborhood methods, and the application of neighborhood method
has been extended from deterministic forecasts to ensemble forecasts. Firstly, different neighborhood methods are reviewed.
According to different processing methods for forecast and observation field, neighborhood methods are categorized into
four types, upscaling method, neighborhood maximum method, grid probability method and other methods. Then different
neighborhood methods are compared based on a set of observation and forecast data. The application of different neighborhood
methods should be chosen according to the actual requirements. The advantages and disadvantages of neighborhood methods are
pointed out and the future development direction is prospected based on a comprehensive review.
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Table 3 Criteria for filling the contingency tables for the ith
grid point using the four neighborhood maximum methods
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Fig. 1 Observed (a) and COSMO-2 model 18-h forecast
(b) rainfall during 15:00—18:00 UTC on 20 June 2007
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Fig. 2 Rainfall distribution at a scale of 40 km using averaging upscaling method for the observed rainfall (a) and
COSMO-2 model 18-h forecast rainfall (b); (c—d) the same as (a—b), but at a scale of 136 km; (e—f) the same as (a-b),
but using maximum upscaling; (g—h) the same as (e—f), but at a scale of 136 km
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Fig. 4 Intensity—scale diagrams of FSS (a) and BSS (b) for COSMO-2 model forecast verification using neighborhood
probability averaging methods
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Fig. 6 Intensity—scale diagrams of BSS for COSMO-2 model forecast verification using averaging upscaling method (a),
maximum upscaling method (b), neighborhood maximum method (c), neighborhood probability averaging method (d)
and FSS (e) using neighborhood probability averaging

(a) AU (b) MU
264
g 136 0.68 0.47
&
X
Ej 2 060 0.49
E
M40
< 0.60 0.50 o
kg
24 0.48 059 050/ [ 7
0.8
8 0.69 0.56 0.50 0.69 0.56 0.50 0.7
0.6
(c) NM (d) NPA
0.5
264 0.4
136 03
g {02
= ||
2 n 069 0.49 o1
o
E
40 0.62 0.50 7 0.4 —
X B 042 ROCI
&
24 0.60 0.50 0.67 0.53 0.50
8 0.69 0.56 0.50 0.69 0.56 0.50

5 10 20 . 5 10 20
R 7K B {E/mm R 7K B {E/mm

E7 ERAEHEAREE (a) . RAXEAREE (b) ( SBBERKAEE (c) | HEEERFHE (d) XCOSMO-2EX ik iE 1815
IR ROCHEFRRIPE K E—- PR EE
Fig. 7 Intensity—scale diagrams of ROC area for COSMO-2 model forecast verification using averaging upscaling
method (a), maximum upscaling method (b), neighborhood maximum method (c), and neighborhood probability
averaging method (d)

Advances in Meteorological Science and Technology S&EHT#RE 13 (6) -2023 | 37



SEA

SERE
dvances in Met S&T

M 24 km 40 km
1.0
(a) 1 mm
//
0.8 /
S
g 0.6 -]
=z
=z
= 0.4
Y
<
\\
0 T T

T I
0 0.2 04 0.6 0.8 1.0
LIS

72 km

W 136km | M 264 km

(b) 5 mm

0.8 —

0.2 -

---------

I I
0 0.2 0.4 0.6 0.8 1.0
kTS

E8 BEKEEHN1 mm (a)#15 mm (b) B, RIAEABIRTUR (REBXLE ) IRERMHIHMETLSZ (EL) BERXEE
(R%) ABB[RNFETRN AT EEER (FRABRRABLSBRE)

Fig. 8 Reliability diagrams for thresholds 1 mm (a) and 5 mm (b). The grey solid line represents the original COSMO-
LEPS ensemble forecast reliability curves. The dashed lines and dotted lines correspond to probabilistic forecasts
derived by neighborhood probability averaging method and neighborhood maximum method respectively. Different

colors represent different neighborhood scales

BE 75— Fr XS R At (5 B0, NMJy i hd
PR T 1 o P TR RS 56 (1) AN [R] 2 1) B BRI A01
C10. MI5SHISI6Z RER, C10T7Ed T 9ifs, T
AOT. MI5T73E X T3, S1677 M5 Jyid o,
AOT/M TS LI =A% / G Fa T 0T FHAR B8 AR/ F2A%, I
ASKERR ) A 8 R BOE 2R 5 7= A S mam A 2 7= A2 e
/7SR, SRR bR B AR EOR FE B AR AN B B
A0 7R A B [ SMTC Jy i Ry ER K, it xf
UL R P45 326 BAS [F) B B, ] DA SE 78 43 Hb 3R s 46 1
P EE R, AAET RO RES%E, GH TR
MBS T WL PRk RS . M15J590]
P TR B o 3 WU 52 1R TR0, C Loy i I8
F T 3R B K TR 560, Schwartzs™ 45 H1S1677 1%
T R AR PR PR R Ak B T L Ath 7 ) 21 G SR v R
NAIE. SSVEMIILIAAE T HoX) Pildie fm 22 AL 3, SSik
HIBIAS VY 73 AN Bl 418 38 R ) A8 Ab A8 4k, HL R k3
ROBTE TR TR 5K, R EAS 2 7 A A ik 1) T4 0T
SR T AR TR IR 557, PPk DL T 58 26 1 TR A
N2, JLHIEH T/ SR PG .
RO T R R B ARS8 2 —  — 5 TH A] VR4
gL 1 T L A R R TR T A
248 S 77 2 B IR 21200 B R, K
NEZ 5 VE A T R R 2 B AT 0, 2 AN ml ik S tth [
TR A B R, HLTT B £ R/ R 26 S TR Fr 7T
SEVESCHE S, DR Dl TR 56 /DN M R A 1 T

o NMIEAIMUTEHSEFI ] — 5 K/ Db 5 KB 2
T I 20 5 B E R H W S E A 15 kA, A FIFETNM
FEHER R EEE RS R A, TIMUEN R FE KT
1% R B DR AR R A T e KB AR 3T 7
PCAE PSP S B R T I S N B, SEIE /MR F A
PHRAE IO VEA" S, FEE R, S RIEIE R
FE SRR AR IS P S e, (ERX B 1
PRMER, SR PRI, K
FE SIS P A 7 24 AR5 5 SR 32 B 24 1) 4T 3 RS AR B
B(enE 2

3 BEERE

RBIIE TS T A GER 56 b oW I 5 PR AE A% 5 LK
FRULECHIZER, OFEASTA] . I IE) L i P 4507 T 5 00
DAL K TR A R AL 547, RERE K
X FEL AR [, P SR AL B v 20 R AR A — B
IS 1E) R TR BE 77 BRASEAS TR Tt Ok B AN R4 5K
SHATTRE) M ZE R R0 HE K e xt
AR 2R 1R 52 0 AR VT Al IR A 22 KRB 24 F 1Y
. Ak, ARGE BT B T A R AR S T
%&[]7, 19,21, 30, 37,41,59]O

ARSOS ARIFFAAT T B BSOS R A
TR AL BT AN, K5 &BsIE 0 o8 T REVR . 4T
SRR KBV A% OBER IR A Al T VR R4 RS, KA
T ULEC SRS 8 FRUAS: 36 1 DA S B 4 T 14
ARBETT AR R VAR ] Z A, AR &Rk ad

38 | Advances in Meteorological Science and Technology S&EHZ#E 13 (6) - 2023



AR, NARYE 5 B & 0 A VA PR AT A
Bro FEAEFARIEERT, A BLUT USRS BE R 1) 4R
TiEEZ, HARAEE X FERIE R a4 A2 EA
DR AP A 60 s a0 23 P £ 158 B 4838 S ey St ) T
AT I ] “AER TIERR R . RIS
R R AR IR B fa br . AR LR AR IR I R R R4
RIEEUUAFRFRRI AT o 2) A SR T 3B AT B4 R
THREDAGY: T — N TR, SEbR N B 2 2
Rt — AR . 3) MR, TR AL BRI RE
BRI E, HX WA TS RRER, B
L 2 HR AR 5 SR R 2 AT R o B A AR IR
FEBOR T MR KN RARRGRR, RAOBGEE
5, DRSO AN fead T A ik,
2R — R AR SRR, A2 75 3R] B
AN A B O I R Y, AT R A B AN
JUANTZ LA AN AT, 38 A 56 4 R B A S R (1
AR AT LA W TR AE (] o FRLPSE 2 9 BB T g
JUBE AT T 0T 4D AR G SRR 7 AT
R L AR I ARUAR X 6 X I BRI R e 2 %
L6 445 A AN T 2 (R SR, XTI RE T, X
SRR > R G R — E R, T HA TS, B
DR FE AR 56 [X 4500 25 A% o 1R AR 30 25 A2 A 56 X3
5 7% EAL DAL 56 P 23 1 B A5 DX 1) I g R T 2680 4
VR0 6y T 4 BB KA 5 LI A T A
i/ INABE 2 O 22 K g B O, (L AR 5 LI AN
BWEARZE A AE -

b5 HA 2 AR 36 U7 VA AR LU, ARk A R 25 1Y
DU AE T FL A A1 17 5 HL W] DL F 7 B TR A () A R
HHTG, ABAREE S R oy B, AN Rt BT
G IRZE, W IR ZEBURE AN REE MR, 1
SETHRHERI IS AT iE M R S5 Bk RE S B
BIEEIRZE, bR TRHMIE R 771508 RN T B 4 h iR
2N HAFSIE AR IR, % Fh s T30 VA
RSB AR, — FPUE T BT I H A T g 5
— AT, BRI T D PR T2 TR
TR B AP R B FAE 5 EE s &0k 5 R 7
BOVEAR G A DLTSE RUBE 70 1 i b o B — ROBZ PP 20 i A1
(g R AT e Ho At 25 TG 36 T v b R 23 4 T
K@ A SCREFE Y 53 S T7 ANH A S 4 1 U H %
—EMEHEN S,

SR — SR AR AR 1 oMb 55 T (0 A B
bt a1 3 R P T e o SO 0 0 SR A AGE 565 3t el 3 UL o 7K
TR, R %R SR PSSR 5 58 2 v 40 9% 26
B TR ), B LA AT 7 15 LA Bt £ A 1 41

Progress 44 % ¢ &

SR B AN 3, 2 BR TR B X B
AV AN S Aar 6, A ] 8 S Bl 25 T b S8 47 btz ] 2%
P EIE RIS BT Rk E, EHEEL
B 5.

Wt e o e A 3 L A i AT 3 AR K
J&, ABIE I R PR AR 19 SN . ASSCHR B (17 2
{WIRTT 52 T BEK AR AR, AR OR PR BE 2 4
7 s B H A BRI ORI b 25 . ARSI E A 24
TR AARR L E L, H AT SR MM 57 A
FINPA J7 VR 707 fi S TR 4480, A AT th vl
P Ab BRI (8] 413k, ARKWHEAT EZRR . Bsh, o
PR AR % S e A A I B AR . S A A
FRE RS, AT SE A0 2 T MRS 56 IR R S 2 H
RA PR IE ) AR

SEUW

[1] Dorninger M, Gilleland E, Casati B, et al. The setup of the
MesoVICT project. Bulletin of the American Meteorological
Society, 2018, 99(9): 1887-1906.

[2] Gilleland E, Ahijevych D, Brown B, et al. Intercomparison of spatial
forecast verification methods. Weather and Forecasting, 2009, 24(5):
1416-1430.

[3] Mass C, Ovens D, Westrick K, et al. Does increasing horizontal
resolution produce more skillful forecasts? Bulletin of the American
Meteorological Society, 2002, 83(3): 407-430.

[4] Roberts N, Lean H. Scale-selective verification of rainfall
accumulations from high-resolution forecasts of convective events.
Monthly Weather Review, 2008, 136(1): 78-97.

[5] Atger F. Verification of intense precipitation forecasts from single
models and ensemble prediction systems. Nonlinear Processes in
Geophysics, 2001, 8(6): 401-417.

[6] Marsigli C, Montani A, Paccangnella T. A spatial verification
method applied to the evaluation of high-resolution ensemble
forecasts. Meteorological Applications, 2008, 15(1): 125-143.

[7] Anna G, Frangois L. Verifying precipitation forecasts using upscaled
observations. ECMWF Newsletter, 2000, 87: 9-17.

[8] Zepeda-Arce J, Foufoula-Georgiou E, Droegemeier K. Space-
time rainfall organization and its role in validating quantitative
precipitation forecasts. Journal of Geophysical Research:
Atmospheres, 2000, 105(D8): 10129-10146.

[9] Snook N, Jung Y, Brotzge J, et al. Prediction and ensemble forecast
verification of hail in the supercell storms of 20 May 2013. Weather
and Forecasting, 2016, 31(3): 811-825.

[10] Gagne D, McGovern A, Brotzge J, et al. Day-ahead hail prediction

integrating machine learning with storm-scale numerical weather

models//Innovative Applications of Artificial Intelligence

Conference. AAAI Press, 2015.

Stratman D, Coniglio M, Koch S, et al. Use of multiple verification

methods to evaluate forecasts of convection from hot- and cold-

start convection-allowing models. Weather and Forecasting, 2012,

28(1): 119-138.

Hitchcock S, Coniglio M, Knopfmeier K. Impact of MPEX

upsonde observations on ensemble analyses and forecasts of the

31 May 2013 convective event over Oklahoma. Monthly Weather

Review, 2016, 144(8): 2889-2913.

Snook N, Xue M, Jung Y. Multiscale EnKF assimilation of radar

and conventional observations and ensemble forecasting for a

tornadic mesoscale convective system. Monthly Weather Review,

2015, 143(4): 1035-1057.

Kober K, Craig G, Keil C, et al. Blending a probabilistic nowcasting

method with a high-resolution numerical weather prediction

[11]

[12]

[13]

[14]

Advances in Meteorological Science and Technology S&EHX#RE 13 (6) - 2023

39



TEBE

A
dvances in Met S&T

(15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

(31]

(32]

[33]

ensemble for convective precipitation forecasts. Quarterly Journal
of the Royal Meteorological Society, 2012, 138(664): 755-768.
Scheufele K, Kober K, Craig G, et al. Combining probabilistic
precipitation forecasts from a nowcasting technique with a time-
lagged ensemble. Meteorological Applications, 2014, 21(2): 230-
240.

Sobash R, Kain J, Bright D, et al. Probabilistic forecast guidance
for severe thunderstorms based on the identification of extreme
phenomena in convection-allowing model forecasts. Weather and
Forecasting, 2011, 26(5): 714-728.

Sobash R, Schwartz C, Romine G, et al. Severe weather prediction
using storm surrogates from an ensemble forecasting system.
Weather and Forecasting, 2015, 31(1): 255-271.

Yussouf N, Gao J, Stensrud D, et al. The Impact of mesoscale
environmental uncertainty on the prediction of a tornadic supercell
storm using ensemble data assimilation approach. Advances in
Meteorology, 2013(2): 731647.

Clark A J, Gao J, Marsh P, et al. Tornado pathlength forecasts
from 2010 to 2011 using ensemble updraft helicity. Weather and
Forecasting, 2013, 28(2): 387-407.

Skok G, Hladnik V, Skok G, et al. Verification of gridded wind
forecasts in complex Alpine terrain: A new wind verification
methodology based on the neighborhood approach. Monthly
Weather Review, 2017, 146(1): 63-75.

Schwartz C, Sobash R. Generating probabilistic forecasts from
convection-allowing ensembles using neighborhood approaches:
A review and recommendations. Monthly Weather Review, 2017,
145(9): 3397-3418.

Theis S, Hense A, Damrath U. Probabilistic precipitation forecasts
from a deterministic model: A pragmatic approach. Meteorological
Applications, 2005, 12(3): 257-268.

Duc L, Saito K, Seko H. Spatial-temporal fractions verification
for high-resolution ensemble forecasts. Tellus A: Dynamic
Meteorology and Oceanography, 2013, 65(1): 18171.

Ebert E. Fuzzy verification of high-resolution gridded forecasts:
A review and proposed framework. Meteorological Applications,
2008, 15(1): 51-64.

Casati B, Wilson L, Stephenson D, et al. Forecast verification:
Current status and future directions. Meteorological Applications,
2008, 15(1): 3-18.

Richardson D. Skill and relative economic value of the ECMWF
ensemble prediction system. Quarterly Journal of the Royal
Meteorological Society, 2000, 126(563): 649-667.

Marsigli C, Boccanera F, Montani A, et al. The COSMO-LEPS
mesoscale ensemble system: Validation of the methodology and
verification. Nonlinear Processes in Geophysics, 2005, 12(4): 527-
536.

Yates E, Anquetin S, Ducrocq V, et al. Point and areal validation
of forecast precipitation fields. Meteorological Applications, 2006,
13(1): 1-20.

Weusthoff T, Ament F, Arpagaus M, et al. Assessing the benefits
of convection-permitting models by neighborhood verification:
Examples from MAP D-PHASE. Monthly Weather Review, 2010,
138(9): 3418-3433.

Ben Bouallégue Z, Theis S. Spatial techniques applied to
precipitation ensemble forecasts: From verification results to
probabilistic products. Meteorological Applications, 2014, 21(4):
922-929.

Clark A, Gallus W, Weisman M. Neighborhood-based verification
of precipitation forecasts from convection-allowing NCAR
WRF model simulations and the operational NAM. Weather and
Forecasting, 2010, 25(5): 1495-1509.

McMillen J; Steenburgh W. Capabilities and limitations of
convection-permitting WRF simulations of lake-effect systems
over the Great Salt Lake. Weather and Forecasting, 2015, 30(6):
1711-1731.

Schwartz C. A comparison of methods used to populate
neighborhood-based contingency tables for high-resolution
forecast verification. Weather and Forecasting, 2016, 32(2): 733-

[34]

[35]

[36]

[37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

741.

Davis C, Carr F. Summary of the 1998 workshop on mesoscale
model verification. Bulletin of the American Meteorological
Society, 2000, 8(4): 809-819.

Hitchens N, Brooks H, Kay M. Objective limits on forecasting skill
of rare events. Weather and Forecasting, 2013, 28(2): 525-534.
Johnson A, Wang X. Verification and calibration of neighborhood
and object-based probabilistic precipitation forecasts from a
multimodel convection-allowing ensemble. Monthly Weather
Review, 2012, 140(9): 3054-3077.

Schwartz C, Romine G, Weisman M, et al. A real-time convection-
allowing ensemble prediction system initialized by mesoscale
ensemble Kalman filter analyses. Weather and Forecasting, 2015,
30(5): 1158-1181.

Zacharov P, Rezacova D. Using the fractions skill score to assess
the relationship between an ensemble QPF spread and skill.
Atmospheric Research, 2009, 94(4): 684-693.

Romine G, Schwartz C, Berner J, et al. Representing forecast error
in a convection-permitting ensemble system. Monthly Weather
Review, 2014, 142(12): 4519-4541.

Schwartz C, Romine G, Smith K, et al. Characterizing and
optimizing precipitation forecasts from a convection-permitting
ensemble initialized by a mesoscale ensemble Kalman filter.
Weather and Forecasting, 2014, 29(6): 1295-1318.

Yussouf N, Kain J, Clark A. Short-term probabilistic forecasts of
the 31 May 2013 Oklahoma tornado and flash flood event using
a continuous-update-cycle storm-scale ensemble system. Weather
and Forecasting, 2016, 31(3): 957-983.

Mittermaier M, Roberts N, Thompson S. A long-term assessment
of precipitation forecast skill using the fractions skill score.
Meteorological Applications, 2013,20(2): 176-186.

Nachamkin J, Schmidt J. Applying a neighborhood fractions
sampling approach as a diagnostic tool. Monthly Weather Review,
2015, 143(11): 4736-4749.

Germann U, Zawadzki 1. Scale dependence of the predictability
of precipitation from continental radar images. Part II: Probability
forecasts. Journal of Applied Meteorology, 2004, 43(1): 74-89.
Schwartz C, Kain J, Weiss S, et al. Toward improved convection-
allowing ensembles: Model physics sensitivities and optimizing
probabilistic guidance with small ensemble membership. Weather
and Forecasting, 2010, 25(1): 263-280.

Stein J, Stoop F. Neighborhood-based contingency tables including
errors compensation. Monthly Weather Review, 2018, 147(1): 329-
344.

Rezacova D, Sokol Z, Pesice P. A radar-based verification of
precipitation forecast for local convective storms. Atmospheric
Research, 2007, 83(2): 211-224.

Buizza R, Hollingsworth A, Lalaurette F, et al. Probabilistic
predictions of precipitation using the ECMWF ensemble prediction
system. Weather and Forecasting, 1999, 14(2): 168-189.

Mullen S, Buizza R. The impact of horizontal resolution and
ensemble size on probabilistic forecasts of precipitation by the
ECMWEF ensemble prediction system. Weather and Forecasting,
2002, 17(2): 173-191.

A, FRME, BA, & B WA BN TR LK AR
B A % 4], 2015,26(6): 641-657.

FH, FMH, 2O, & BEERRARATRERS N AAERE N
F. R R % % 4R, 2019, 30(2): 245-256.

MRzl PRi, £ F, & — AT 7 TR 0 R W BRI 287 7 i
II: 2 WA B2 FOF A 5. R 5 ], 2019,77(1): 28-42.
Schumacher R, Clark A, Xue M, et al. Factors influencing the
development and maintenance of nocturnal heavy-rain-producing
convective systems in a storm-scale ensemble. Monthly Weather
Review, 2013, 141(8): 2778-2801.

Dahl N, Xue M. Prediction of the 14 June 2010 Oklahoma City
extreme precipitation and flooding event in a multiphysics multi-
initial-conditions storm-scale ensemble forecasting system.

(T#727)

40 | Advances in Meteorological Science and Technology S&EHZ#E 13 (6) - 2023



gt G
dvances in Met S&T
TOERE T A, AR Ak e 38 kA DR R L 55 SCHERE T,
Uﬂmmwé%$mw KREFERYReR A, it
TRe BRI EVE G AT RGN RS ES

Hlﬁ:l

A 5551 PRI R8T ERGL S KRG ML, %

2B RE =T, FEaRsARMmLTheE. S8
AR5, ﬁ&lmu%%MWﬂ%mhM%L&hf
S,

AR

FEEESE, (7, 2014, SR B & 475 @y H o IRER M AD 8L, K58}
i, 42(5): 759-763.
ﬁ/’é% BB, FIEH, 2015, AE AR B/ DEERA BT 558
o [ A S AL, 18(7) 73 76.
%'Eﬂf‘, %ﬁr“ , R, 25, 2014, 2SS MM T RS kR 5
FHRR T, RERH, 42(4): 539 544,
YEUR, AR, SRR, 45 2011, £ &SRS AT
%, 37(10): 1292-1300.
XELE, IS, FOF, 25, 2021. SB KRB =6 R RS it
JSEPL. S5 RHY, 49(5): 697-706.
e, KR, R E, £ 2011, RELEESGINIET
M550 A5, 37(2): 213-218.
RGN A RS AR (GB/T 40215-2021) . db5t: Ex MM

\

ERG. R

LR

\
FrHLE SR, b E E AR B A 2
B, RRA, TRE TR, 25, 2019, B FH A AT B R LA %
CIMISSHHE 55 e J1. LA B, 47(3): 433-438.
I, #1108, WA ZE, 45, 2018, RS 7R R 45 SEBHESL 2R
HAHLT AR5 R, 54(19): 10-17.
W8, PNV, #2008, 2014, 3MSE I Gt Bk 5 R i
KB REB, 21(3): 43-44.
K, 2010, A S GHALALEE WM RS (WIGOS) .
36(3): 1-8.
JURE EAR RGB/T 19001-2016)3% 5 (GB/T 19002-2018) . b
i AR MRS AR, B EERbREE R R 2
WMO, 2019. WIGOS metadata standard (WMO-No.1192).

R,

J

(1EZ L

=, X,

Zz., . A%, XE. A, FESKKESFEUFD;
XfE, IXHBRRFETSER; ER, PESKE)

(L4#407)

Weather and Forecasting, 2016, 31(4): 1215-1246.

[55] Squitieri B, Gallus W. WRF Forecasts of Great Plains nocturnal
low-level jet-driven MCSs. Part I: Correlation between low-level
jet forecast accuracy and MCS precipitation forecast skill. Weather
and Forecasting, 2016, 31(4): 1301-1323.

[56] Pytharoulis I, Kotsopoulos S, Tegoulias I, et al. Numerical
modeling of an intense precipitation event and its associated
lightning activity over northern Greece. Atmospheric Research,
2016, 169: 523-538.

[57] Ebert E. Neighborhood verification: A strategy for rewarding close
forecasts. Weather and Forecasting, 2009, 24(6): 1498-1510.

[58] Hardy J, Gourley J, Kirstetter P, et al. A method for probabilistic
flash flood forecasting. Journal of Hydrology, 2016, 541: 480-494.

[59] Sobash R, Kain J, Bright D, et al. Probabilistic forecast guidance
for severe thunderstorms based on the identification of extreme
phenomena in convection-allowing model forecasts. Weather and
Forecasting, 2011, 26(5): 714-728.

[60] Ebert E. Fuzzy verification of high-resolution gridded forecasts:
A review and proposed framework. Meteorological Applications,
2008, 15(1): 51-64.

[61] Azorin-Molina C, Tijm S, Ebert E, et al. Sea breeze thunderstorms
in the eastern Iberian Peninsula. Neighborhood verification of
HIRLAM and HARMONIE precipitation forecasts. Atmospheric
Research, 2014, 139: 101-115.

[62] P, B, RT7 &, . & T AR MM E B9GRAPESHe 3% &
HUE I B A TR R Go 3 e P KT IE 7 . 3w A RCF AR, 2021,
37(4): 569-578.

[63] Zm e, BRAEEME, B0, & ETHEIAHI U SRR EL S
Bk R e . A& F 4], 2018, 76(4): 578-589.

[64] X|E w5, BR%, PRk 4L, . R A 40 A 7 o R BB
. K mﬂ %,2020, 44(2): 282-296.

[65] k/INE, B3, A t, 4. GRAPES_3km#{{E 4 = % i K% 7
WAL A0 % T kR AT R4, 2020, 46(3): 367-380.

[66] Skok G, Roberts N. Analysis of fractions skill score properties
for random precipitation fields and ECMWF forecasts. Quarterly
Journal of the Royal Meteorological Society, 2016, 142(700):
2599-2610.

[67] Mittermaier M, Roberts N. Intercomparison of spatial forecast
verification methods: Identifying skillful spatial scales using the
fractions skill score. Weather and Forecasting, 2010, 25(1): 343-
354.

[68] Wolff J, Harrold M, Fowler T, et al. Beyond the basics: Evaluating
model-based precipitation forecasts using traditional, spatial, and
object-based methods. Weather and Forecasting, 2014, 29(6): 1451-
1472.

[69] Gilleland E, Ahijevych D, Brown B, et al. Verifying forecasts
spatially. Bulletin of the American Meteorological Society, 2010,
91(10): 1365-1373.

[70] RFa#R, BR32%, B B, 5. 4 WREFH X 4 B 38 [& A o TR A
% R F B, 2020, 48(2): 254-262.

[71] Lockhoff M, Zolina O, Simmer C, et al. Evaluation of satellite-
retrieved extreme precipitation over Europe using gauge
observations. Journal of Climate, 2013, 27(2): 607-623.

72 | Advances in Meteorological Science and Technology S&EHZ#E 13 (6) - 2023



