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A Review and Outlook of Verification and Evaluation
of Precipitation Forecast at Convection-Permitting
Resolution

Chen Haoming', LiPuxi', Zhao Yan'
(1 Institute of Climate System, Chinese Academy of Meteorological Sciences, Beijing 100081)

Abstract: Evaluation and verification of numerical model provides an effective method to understand the model deviation,
improve the numerical model as well as improve the quality of forecast service products. The traditional operational verification
of precipitation is mainly based on the evaluation of accumulated rainfall amount, and less attention has been paid to the
evolution of rainfall systems. With the increasing of the model resolution and the requirement of fine precipitation prediction,
the verification and evaluation based on amount only will not satisfy the demand of fine-scale quantitative precipitation forecast
service. On the basis of reviewing the existing methods of precipitation verification and evaluation, this paper mainly introduces a
new evaluation method based on hourly scale characteristics such as frequency and intensity of precipitation and the peak time of
diurnal variation. Examples are given to show the application of such evaluation methods for in-depth understanding of the sub-
daily precipitation forecast deviation. The preliminary results show that the results can enrich the numerical model evaluation and
provide more useful information to improve the objective prediction method. With the widely application of convective permitting
models in operational precipitation forecast, it is necessary to further develop and improve the detailed evaluation methods for
different regions through classification, and further develop the verification and evaluation metrics for the application of rapid
updating system and convective permitting ensemble forecasting model, so as to improve the performance of kilometer scale
numerical model and post-possess the model products to provide scientific and technological support.

Keywords: verification, convective permitting model, fine-scale forecast, hourly precipitation characteristics
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Fig. 2 Spatial distribution of mean precipitation (a, d, g, unit: mm/d), hourly precipitation frequency (b, e, h, unit: %) and
hourly intensity (c, f, i, unit: mm/3h) by CMPA (a —c), ECMWF (d —f) and GRAPES-Meso-3km (g—i) during the warm
season (from May to September) in 2019
(The black lines represent 500 m and 3000 m terrain heights)
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Fig. 3 (a—c) CMPA, (d—f) ECMWF, (g—i) GRAPES-Meso-3 km model, (a, d, g) the distribution of the regression
parameters (a, B) of the logarithm amount with the hourly intensity of each grid point over the east of Tibet Plateau (regions
as shown in b), (b, e, h) the spatial distribution of four groups, (c, f, i) the distribution of mean annual precipitation with
intensity of four types of grid points
(The black dots in Fig.3a, 3d, 3g represent the distribution of regression parameter, the solid line in Fig. 3c, 3f, 3i is the
distribution of mean annual precipitation (mm/a) with intensity (unit: mm/3 h), the hollow box and dotted line in Fig. 3c, 3f,
3i are the fitting lines of logarithm of annual precipitation and linear regression based on least square method respectively,
and he four color backgrounds in (a—i) indicate four groups, in which blue (red) indicates that the contribution of weak
precipitation and strong precipitation is low (high), while green (brown) indicates that the contribution of weak precipitation
is low (high) and that of strong precipitation is high (low))

SREE (I-1)~IT R KE . X (3) B nT 452 ALY = exp(a - 1), 1)
X B R K R B K SR BE (K B MR, A B K SR AN ﬁl

I 95%I, A I /N T AE LA 5 2 A R Ba A8 In[A(1)] = o - Elo 4)
L@ D, aB)TERRASS (5D BRI R ERE B3a~3cs 44 T 20194E5—9 H CMPAFE i 7
IRERIAHXTTTHR, a(B)BRRIRSS (D) FEAREIMINS 75 5K B DA AR i X 1 28 0 AR [R) o 3 o 7 B 3 A 5
LA (3) MEFEMLR, UG R afMARALE

Advances in Meteorological Science and Technology S&EHT#RE 11 (3) - 2021 | 159



REE LU

dvances in Met S&T
o N EHCIRAN [ a RN BAR IR 1) 5 B 465 1) 22 S () IX 300 A
FRAE, Fofptz HEEHITHE DL, HRa. pHL
fHI35%MT70%3E4T 174320 (K3a) , HAFRBEAR
KA FBREEMFFE, ¥ afIpRT T 70%
(35%) [ RE SRS IEK S 3T CGREXTEND
HIRE L, TAE35%~T70% ) s AR BEATSE 0. EI3bZA H
T VUSRS RS B AT . B 3ch DU 7 4L A F
B 7K = B A [R] B 7K 5 B 1 4 A il e A =0 (4) R
XEPE GBS, niEREME H BT oM =X
H T AN E B KGR BE A AR AE o X Tafpti i (i
) FER (AL 1IE s, HEAFEKED /N TF
KT HAEAHRE S S TFal Rk D) MmN (K
PSR, 55 (i) FEKRY SRR, R TIX—E &
s T CAVEAR BIOAE AR X A [) 560 B e /K 1) T

KI3d~3fH13g~3i5r 745 HECHIGRAPESH X}
ANFIBEKBEME G MR T, Bk &2
SRR AT R R $9FFKAE30°NELF . 1500 m
LTI X S EEERAE T B 2 (40D, 500 mHbJE
BB 2 DUZR VDV 22 s e R PR KA i 2 (4
), FHE s EAE3000 mis E LA B DS FEK T (BR
o) ZEXEEHE. ARSI N T 3a. 3d.
g BRI X 35k, 17 4 €0 X 3 3 BN B T AEROR
B, BRI E AL T35 NLAAb. BB RS T DL Y

(a) CMPA

(b) ECMW_

F >

v“” &
> (e
e ¢ v e
Ak vy : % -
e ] N P

80°E 90°E 100°E 110°E 120°E 130°E

M EH X AT 58K, CMPAA500 mZ5{E 2k PTG
FXTFFIEK S LLE Ry (R, T s I X A7
FERLZ 5 B K o U BE A i (SR o MAPYSE
3 20 357 P B 7K R A [) 55 4 A D i 4 2 O 5
G EZR N, ECHH 55 B /K 1) 7K & 25 W 5w
K X5 3dr AR R ol S A R KX N o [R] B A
T DY ZH 53 2 1 Bae 7K ot i 2 326 ik P ok 2 257 5 CMIPA
FEER, X A5 20T AR (A AG AR T B2 . % EERT I,
GRAPESHR A0 T A [ 58 B B 7K 1) 43 A 5 50 il T
CMPAI&E R .

B 7K H AR Ak R Hh BR R Gt b ORI A3l i 18
YRGS FRLE A ISR, TR PP B A 0
AN 5 M ) () B BT BB AR 42 CMPAA
LA TIHR 1120194 1% 25~ 247 14 B /K ot 2 Wi A o 1]
CAE3E) o BOBEIEL T R FHbIX FI500 m%& =2k
VGt T X 2 2245 W6 (R WA, R ) DI ] %
A4 FEHT, T GRAPESHE x0T R 4 WA i 18] )
TR E B2 IE CMPA B35 /6 & 33 M 5 300 00 1| 225
HEA6500 m%E 2R AR MR HL T [X 25 70 2236 /= 0 I (i
fiEo ECHL TR AL 7] 2275 = 7K AR IX (14 i BBl
Rk, HAAFRHECMAPFHIGRAPESH A it b
TEAh P B 7K WL T 1) v b [ Je v s BB R

©

80°E 90°E 100°E 110°E 120°E 130°E

S

80°E 90°E 100°E 110°E 120°E 130°E

2 5 8 11

14 17 20 23

E4 20195 8EZ (5—9H ) CMPA (a) . ECMWF (b ) FIGRAPES-Meso-3 km ( ¢ ) XX FiRHIBEKkE BT FIEE
ZHERE (dLRER)
( B BIEIRECMPATIEN EKE BT FEEMEMHREREZEEFR (22:00—08:00 ) MFEEMEX ( Xig1 ) MTFE
R (14:00—20:00 ) WAFEMHEX ([ XiF2) ; BEEEZH500 mFA3000 mitf S EL )
Fig. 4 The time of the main diurnal peak for daily precipitation by CMPA (a), ECMWF (b) and GRAPES-Meso-3 km
model (c) in the warm season (May-September) of 2019

( The white boxes indicate the southwest region (region 1) with the diurnal peak appears in the night to morning (22:00—

08:00 BT ) in both CMPA and model, and the southeast region (region 2) with the diurnal peak appears from afternoon to
evening (14:00—20:00 BT), the black contour lines are 500 m and 3000 m terrain heights )
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Fig. 5 The diurnal curves of precipitation (a, b, unit: mm/d), frequency (c, d, unit: %), intensity (e, f, unit: mm/3 h)
averaged over southwest and southeast (as marked by white boxes in Fig. 4a) regions
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