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Abstract To find any effects of precipitation climate on the forecast verification methods, we
processed the hourly records of precipitation over South Korea. We examined their relationship
between the climate and the methods of verification. Precipitation is an intermittent process in
South Korea, generally less than an hour or so. Percentile ratio of precipitation period against the
entire period of the records is only 14% in the hourly amounts of precipitation. The value of the
forecast verification indices heavily depends on the climate of rainfall. The direct comparison of
the index values might force us to have a mistaken appraisal on the level of the forecast capability
of a weather forecast center. The size of the samples for verification is not crucial as long as it is
large enough to satisfy statistical stability. Our conclusion is still temporal rather than conclusive.
We may need the amount of precipitation per minute for the confirmation of the present results.
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At o] M A4l A 3= (Accuracy or Proportion
Correct, Acc)2} 23] & (Probability of Detection or Hit
Ratio)S Al4Fech(http://www.weather.go.kre] &l B 37}
o)Ay, 71747 9] Zh dre] Bx AI7F 7442 64]
Zroln @4 A& 7R v 83] A7 (Ao R
RSty FA Eo]  l thhttp://www.weather.go.kr/
HELP/html/help_fct020.jsp).

Gordon and Shaykewich (2000)2 AA|A 2 o2
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sHH, A4 fXol mE A9 7% EAS 7t
& Fart Atk oAE AT "XE XY 7]F9] o
FE TFe A5 AFE AR EA ot Thsst
TH(Wilks, 2000; Nurmi, 2003; Hamill and Juras, 2006).
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Y H7} 2ok oA K S Ace Z2 S o Ko 3
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Sag dEsH =2 ATt ddEn e A9
T 7155 3HE W, $Ee dE dF AFE &
a7 288 4 Ath(Atger, 2003; Mason, 2004;
Hamill and Juras, 2006).
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(b) Important

(a) Concerned

(c) Critical in Spring

Fig. 1. Korean’s choice of meteorological variables revealed
in the gallop polls by internet survey of 500 people or so
whose ages are older than 19. The poll has been carried out
for the Spring (March, April, and May) of the year 2019.
The acronyms of Prp., T., W, H, S, and R means precipitation,
temperature, wind speed, humidity, sand storm, and the
remainder, respectively. The questions for the weather
condition are (a) for the most concerned, (b) for the critical
phenomenon, (c) the severely significant factor in Springtime,
and (d) for the most unsuccessful element.
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Fig. 2. Position of the weather stations and their names
whose hourly precipitation records we used for the analysis.
The data covers the period from 1 January 2018 to 31 July
2019 for all the twelve stations.
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Fig. 3. (a) Time series of the hourly amounts of precipitation at Jeju observation station for the period from 1 January 2018 until
31 July 2019 in the upper-panel. The lower panel (b) shows a portion of the above series just for the short period from the 17th

to the 20th of July of year 2019.
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Table 1. The number of precipitation times based on various threshold values of 0.0 mm hr™', 0.1 mm hr™', 1.0 mm hr™', and
5.0 mm hr ', The values are computed by using the hourly precipitation records of the twelve stations in South Korea and for
the period from 1 January 2018 to 30 September 2019. The total number of the records is 183,744.

Threshold values 0.0 mm hr!

0.1 mm hr!

1.0 mm hr! 5.0 mm hr!

Number (ratio) 26,574 (14.5%)

13,602 (7.4%)

6,872 (3.7%) 1,548 (0.8%)
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Fig. 4. Histograms of (a) hourly and (b) six-hourly pre-
cipitation amounts at the selected twelve stations and the
analysis period from 1 January 2018 to 30 September 2019.
The sub-interval of abscissa for the first bar convers the
amount greater than equal to 0.0 mm hr™" and less than 1.0
mm hr" in (a), and 0.0 mm (6 hours)™ up to 2.5 mm (6
hours)™" in (b). In the both, the minor ticks include the value
of the lower limit and exclude that of the upper limit.
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Fig. 5. (a) The amounts and (b) the duration of precipitation for every time interval in hours from one hour up to 240 hours
corresponding to 10 days. We calculate them from the hourly precipitations. The solid and dotted curves are from the hourly
amounts larger than 0.0 mm and 1.0 mm, respectively. Panels (c) and (d) show the difference of precipitation intensity shown in
(a) and percent duration in (b), respectively. For percent duration, refer to the main text.
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(a) Eventwise precipitation amount
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Fig. 6. Frequencies of (a) the total amounts and (b) the durations of precipitation events based on the hourly records of
precipitation. Histogram (c) is for the duration of no precipitation time intervals. Panel (d) is the same as (c) but processing the
events with no rain period less than 50 hours only. The abscissa represents the duration of the events of precipitation (b) and of

no precipitation (c and d).
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Table 2. The contingency table for the dichotomous states of
precipitation. In the case of YY, the precedent character Y
means the expected case in forecast of precipitation and
following Y means the appearance of rainfall. Therefore, YY
means the correct forecast. The sample number N,y is equal
to sum of YY, YN, NY, NN. In our assessment each sample
is independent from the other events. The symbols inside the
parenthesis show an example of the conventional notation of
each categorical element.

Forecast\Precipitation =~ Appeared  No appearance
Expected YY (FO) YN (FX)
No expectation NY (XO) NN (XX)
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Table 3. The verification formula for the skill scores of the forecast of atmospheric variables in two categorical states. In our
analysis, the target variable is precipitation. The variables Y'Y, YN, NY, and NN have been defined in Table 2.

Name Full name Formula Range
Accuracy _ YY+ NN
Ace (Proportion Correct) Ace = YY+ YN+ NY+ NN (O<dees1)
TS Threat Score T8 = T (0<Ts<1)
YY+ YN+ NY
Provability of YY
POD (Hr) Detection (Hit ratio) POD(Hr) = YY + NY (O<Hr<1)
Climatological YY+ NY
= <Pc<
Pe Relative Frequency pe YY+ YN+ NY+ NN (0<Pe<l)
Provability of False YN
- <Fr<
POFD (Fr) Detection (False Alarm Rate) POFD(FT) YN + NN (O<Frs1)
Bias Score _YY+YN
BS (BI) (Bias Index) BS(BI) = YY+NY (0<BD
Equitable Threat EIS =337 %I‘%f— Sf
ETS quiable Threa - (— %sETSgl)
core Sf=Pe(YY + YN), Pe = ————
tot
. _YY+NN-S
Skill = —————
. . Nlol -8 X
SS Skills (Skill Score) (—1<Skill<1)
S=Pc(YY + YN)
+ (1 = Pc)(NY + NN)
V)sh FNE 5wk HF Aole] tPHS 31 XS B8 854
E = sk 041 VAT s TEeR ﬁlté—‘:‘ A el A7 AL S B2 AA ol B
HAR QF(Fr, False Alarm Rate)= 4 24 F& S W2 et ol BE AS #E] Auye
7150 2 3= H|"A|E(Ur, Undetected Error Rate)y} 2 gAY B A9 g4ro)7] wEelth Oili 7]
=31t} Table 22] POFD oAl Y9} NS ZAst & 2A, dr e 718k A =Ae] IdA oA
B o AN wet 4 gt YY, YN, NY, NN 23] E2 5 N0 9% ve=
g3E 2= 9
POFD(Fr) = YN)-Ii-NNN: NYN+YYY7 ur S
YY=a* N, YN=b* Ny, NY =¢* Ny,
ot 22 WAAES A AL 24 %E POFD NN =d * Ny,
£ Rl A4S BEE Uk 2SS omlath  whatbrotd=|
A, A 52 ddeR ste 718l A Wl
47 71 SeH o R Awe e A% MA@ 7 7 EHIA a, b, ¢, dE 242 03 1 Aele] ke A
Feb/lurhE WA BIEHT TATel A gt @ 5 Ak AUHOE e grol AFIA 0 5
S AHESto] A FE Qlvh < 1o] Hd o ¥ ghol 104 00] o A= Al
Yo N awghol] tiste] Acew AF A S ol A AATE EVFe 0P74Ur el vedes AFz F
AR R Ry N9 ZAE fESE F4e 3@ % sk
Ao FA3 Tt} A7 AZs= A0l 9 BAE HS2 EHO‘o}Eﬂ HF A5 L abed
2 W TS 2AR) glo) dF Aol B wem RAWACTh olFE ETS SS9 A= Nyol,
AsHA] b= A8 AEsSNe Ad sl HeA a3 a2 9] A4 011*1% Ny©l R} Al &
7h Aeke] 7)ol €k FOoR FAste] oFEE7] wjEolth ol WFE A}
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Fig. 7. Three-dimensional distribution of index values as a function of YN (x-axis), NY (y-axis), and YY (z-axis). The space
for index distribution occupies a volume with four faces as in (a). The other area of the right rectangle is not permitted; even
values are shaded for visual purposes for all the panels except (a). All those values change from 0 (no event) to 1 (100% of
events). The orientation of axis and scale bar are in a proper place of each panel.
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(c) Surface of mETS 0.6

(d) Surface of mSS 0.6

Fig. 8. As in figure 7, but (a) for mETS and (b) for mSS. We adjust their values to range from 0 to 1. Before rescaling, the ETS

ranges from —1/3 to 1, and SS does —1 to 1.
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Fig. 9. The distribution of the values of Acc, TS, ETS, and Skill Score as a function of POD and Pc, where we presume BI to
be 1. Pc and POD are in unit %, and the values of each index are in the decimal digits.

¢ mSSt= PODS} Hlawsle] whe k& 7Ktk a7
gk, 7F A4 ghe] A ARl Hlae AAA] ¢tk BE
A5 S 05H 1 A2 243 FAR 1 gAE
N S ok AT olH g 2H e Y HE
Aol Z4zke] R4e FASBIIA Fhs ¥Eo HelA

Eds A Az

QoA BoFE 23 BN g 7)E 849
FEFE Aot F AN F o FAFCE BY] 9
a4 POD %ol 0.3, 0.5, 0.7, 0.99] W3 Acc, TS,
mETS, mSSe] A2 AFsIth. LollA el
%ol Pco] 71937F AccollA 71 FElshH TSAlA =

d=7148ks t7] A207 55 (2019)

Pcé} T3} ETS, SSoll thsted = o] Atz
Z A o7 7P 2% AR, 71384 o
L B A A9 ABEH B Aol B
715 Z749] oo F7kst} (Fig. 10).

1
A 7ke] BT} BlE 47} B X|& A 7ke] BlEdee] H]
ato] 53] BdTh olE A7ty Bl e &



sl

(a) Accuracy

TS values

Modified Skills

1.0
0.8
Py 0.6 4
>
®
>
o]
< 0.4
0.2 1
0.0 T - r — T
0.0 0.2 0.4 0.6 0.8 1.0
Pc
(c) Equitable TS [0.0 <> 1.0]
1.0
..... 03
- - 0.5
0.8 i == 0.7
L. O ] -
~. —-= 09
~
N,
~— N\,
wn J S AN
E 0.6 \\\\\ -\.
;";’ \\\ \.
3 N \
s 0.4 1 \\\ \
\\\ \.
\\\ \
0.2 - \ \
\\\ \
\\\ \\
0.0 = r - — — :
0.0 0.2 0.4 0.6 0.8 1.0
Pc

625

(b) Threat Scores

1.0

0.8

0.6

0.4

0.2

Fig. 10. The curves of index values as a function of Pc are for (a) Acc, (b) TS, (¢) mETS, and (d) mSS. For calculations, we
assume Bl to be 1 as in Fig. 9, which means YN =NY. The curves in dotted, solid, dashed, and dash-dotted are for the POD
values of 0.3, 0.5, 0.7, 0.9 in order. The mETS and mSS are the same as ETS and SS but for rescaling their values to change

from 0 to 1.
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