5549 % 45 3 M A, % Vol.49 No. 3
3 H METEOROLOGICAL MONTHLY March 2023

X te AR bRt 45 2023, KATBUR A i RS B0 VA5 7R 1) 50t 5 S BT . A4 . 49(3) £ 351-364. Liu € H.Dai K. Lin J.
et al,2023. Design and implementation of whole process evaluation program library of weather forecast[J]. Meteor Mon,49(3) :

351-364 (in Chinese).

REMMEREREITHEFENITESERI

AL RKROF K #E FOF O FRE EEA
BF s AL B gnF!
1 EHRAREZ+0,4bxE 100081
2 b EXFEHTEEBEAHR AT, T 100081
3TN KM AR AR AE .S M 510650

IR OE . I MWEUE TR & W77 122 3 3 WL TR 4 5145 6 K ST I R 0 T R TR TR 4 I R I VA
J¥ £ (Meteorological Evaluation Program Library. 5 MetEva), MetEva Lt B 550 vk 19 4 9 B 5 25 F K 36 45 512 1 7] 4 b
PE Ry B AR R AL B Al E TN RE 2 00 70 B 200 B T4 — M BUR 4510, Bt TR HUE i R g T F S R . 1R S8 A R R B A
G ST AR BB REAR 3 A A B T A N 4 A A 6 D BB IR MetEva #2141 T 6 2% 400 I BE K%L . MetEva £ 1%
T 525 54 FRERIRAAVE WA S T CHER A T AR S A UM T RN I Nl 5 R T R A R 3 B L I LT B R R AT ek b L IR iR
FHAE 8 ORI AT B Ok R AR B0 2 P A T BB RCR . DI BE I R K TR A 38 T4 R 491 R ZEUEEH T MetEva [ D B
R JBR T MetEva EX5 ANAL AL 30 PEAL 5 ma v R I . ZBFECH IR A M. AR L ESE SR ILTTTIFER
AT A AR G B PR AL A

KB . KAWL KB PR, T 2

FESES: P09 XERERER: A DOI: 10.7519/j. issn. 1000-0526. 2022. 050902

Design and Implementation of Whole Process Evaluation

Program Library of Weather Forecast

LIU Couhua' DAI Kan' LIN Jian' WEI Qing’ LI Nina® WANG Baoli?
TANG Buxing® GUO Yungian' ZHU Wenjian' TANG Jian' ZENG Xiaoqing'
1 National Meteorological Centre, Beijing 100081
2 Beijing Wenzezhiyuan Information Technology Co. , Ltd. , Beijing 100081
3 Guangzhou Shupengtong Technology Co. , Ltd. ., Guangzhou 510650

Abstract: In order to evaluate the contribution of each process from numerical forecast, objective method to
subjective forecast products to the accuracy of weather forecast, the Meteorological Evaluation Program
Library (MetEva) is developed. Aiming at the whole process coverage of the verification algorithm and the
comparability of the evaluation results, MetEva adopts a hierarchical architecture including basic layer and
functional layer, and designs a modular inspection and calculation process based on a unified data struc-
ture. The program library provides over 400 functions around the steps of data reading, data merging and

matching, sample selection, sample grouping, inspection calculation and result output for verification.
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MetEva provides 54 evaluation methods in five categories, covering most of methods recommended by the

World Meteorological Organization and algorithms in domestic specifications. By using matrix calculation

in each module and providing parallel scheme for verification algorithms, the operation efficiency is im-

proved. Taking the evaluation of temperature and precipitation forecast as an example, this paper briefly

explains the application MetEva, and shows its value in verification. The program library has been released

as open source, which can effectively support meteorological departments at all levels to carry out the eval-

uation of the whole process of weather forecast.
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Fig. 1

The module and hierarchical structure of MetEva
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HOr 6 | 3 25 ek FUARAG: 36 AR 38 R 5 T AG: B M 25 ]
5 56 2% J1L. 2% (Jolliffe and Stephenson, 2016), F 2
2 RIS T MetEva(V1L 5) 8 B 6 56
S (3L 54 M HR L E T IRV R A LUER R
WA K K J7 B (Brown et al, 2008), LI & MODE
(Davis et al,2006a;2006b;2009; Ji KEEE,2011) il
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SAL(Wernli et al,2008; 4 /NEE ££,2020) &4 H o8 [e] 6 56 7 1

F 2 MetEva ER B TURQ I EE

Table 2 Verification algorithms integrated in MetEva

i A %7 %
% 5 % (BIAS), @& % (POD), iR % (MR), % % (POFD), F# It % (FAR), Ef %
s (PC) , It 5 B 45 4 (TS) , Gilbert 4575 3% 4 (ETS), Heidke 375 7% 5 (HSS) , Peirce $ 15 if
SR B R

4 (HK) ,ik &tk (OR), ik b $I54F 43 (ORSS) , 73 25 14 fiE [£] (categorical performance dia-
gram) BT (T ) MR AT R

EMZE(PC), SAEE (BIAS), & (POD), Heidke 514} (HSS), Peirce 15 1¥ 4
(PSS,HK) ,SEEPS £ 4} , 9> 4% p /K 3R TS i 4>, S R BEKFAIR IR =R,
SREKTBEWE, HREKTARIEE

Z o KPR 5

FiiRE (ME), FHEIIRE (MAE), 975 % (MSE), ¥ 7 #RI1R% (RMSE), A REE
(RMSF), X & # (r), oMl X (rs),. W+ B &, T % ( Taylor diagrame ),

YESE L B A6 46 BETRARE, RERBAHRE, RERRES, REREREZ, REABRBE,
R B A, KA TS5, RBH S S A E , Bk B B e 2
Brier 45 (BS) , Bricr #7534 (BSS) , 471 F#5E (ROC), ROC E# (ROCA), 7 & f#
BERAE A HURKG% B (reliability diagram) , 5L 2 B (likelihood diagram ), % & % (CR) , & 4 4 B # % i 4

(CRPS) , % ¢ #% 4k B (rank histograms)

2 (1) 4 9 MODE., 45 ¥4 # Ji REE (SAL) , 28k (VGM)
TE < PR S0 8 0 G 56 T3 W R AR R TR L 4% DR A 4 T R R R A R T AR B R TR G 58 I 5 ) R CRY R TR PR O ik
TEERI T R ) LIS 43 & MetEva 4248 T 3475 L R 10 Jr ik .

Pl 55 v, A6 30 T 3 SR B 8 4t b R 43 S R
FKE-REFEAEEEDL, EEHER 2 PR 4
FREARY, 2 R RS WAL 2. MetEva X P
I Ty R AR T B G o X I o R
TRERCR AL XI5 3 0 Btk 32 22 34 i T 4 Bh
ST UIRE

4.1 EMREEZX

BT AS 3C 2.3 99 B iR 1 9 AT R Z 5k
MetEva i 4 i B RS 36 58 1 10 3 S0 i AR 4T 1 ik
2R M M s A Ikt — BRI R AR . T

T LA TS PF43 Ry il %) MetEva Hg B RS 56 55 125 19 52
BT LA

T TR ) S8 R R B AT 3R 3 TR 1 5 I
I HAPM AR AR AR AT LR AR N & T g g (h) &
A I EL ) FOHRTC A B Ce s TR A K AR
SEBLAA A 1 R B A TS=h/(Ch+ f+m)
K8 s 1 TS P4 1A% Go 8 v inl 2, H b 70 35 1)
DR X OB 0 0 00 8 5 A e 5 R A A U
W R T e S A T R R AR TSR A L O
TER N B H L 3Em 1, T S8 BB 2 L PO
TS ¥4

R3 ZHETRRBINEKE

Tabel 3 Contingency table for deterministic binary forecasts evaluation
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Rk AE AR E G A (o T4z 171 5] %K
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% J&F|1E Python R G 3R 3H A IR AR H
fi8 - MetEva xI TS $F4r R B 2E 4T 1 ok, &
PRI TSR AR (A OO Rl R 3 GE 3t S e R AT 5
PO R 2 B A A G2 3 51 1B 3 I 51 H i A0l
REAREEH Ty 0.1 2 3 8 i R AW A9 5 (B8O

BTG 0.1 B A i b a5 4 IR AR IR TR L B
LIS 25 WK ARG SRR . et I i i A 2D R
AR LAE AL numpy BREFETHERSEEE. LA 1000 000 4>
FEACHY TS P43 3158 S 1 kw75 A I 1 s et
JE HIFEIT £ 0. 05 s BORFETHZY 20 1.
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Fig. 8 Traditional algorithm flow of TS score
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Fig. 9 Algorithm flow of TS score in MetEva
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Fig. 10

Spatial distribution of average errors of 3 h temperature forecasts with 72 h leadtime

initiated every 12 h from 20:00 BT 24 July to 08:00 BT 1 August 2021
(a) ECMWF, (b) CMA-GFS, (¢) SCMOC, (d) SMERGE

(Colored scatter points are correspond to statistical results of

all samples of starting time and valid time at each station)
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Fig. 11 Changes in average errors with starting time and valid time for (a) SMERGE and
(b) ECMWF 3 h temperature forecasts with 96 h leadtime nationwide initiated every
12 h from 20:00 BT 24 July to 08:00 BT 1 August 2021
(observation time: starting time— valid time)
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Fig. 12 An example of comprehensive verification chart of precipitation forecast,
comparison map of spatial distribution of forecast (colored) and observation (scattered point)
(On the left are the table and graphs of statistical comparison,

and on the right are the table composed of various verification scores)
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