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1998) . TMPA (Huf fman, et al, 2010) . CMORPH (Joyce, et al, 2004) . PERSTANN (Sorooshian,
et al, 2000) LR IEF 4ERFE/KMIM (Global Precipitation Measurement, GPM) f¥J IMERG
(Huffman et al.2019) FlGSMaP (Shige S et al, 2009) %, IX&&r= [ 7E A BREEK MM
IR R T E AR . ARy GPM ATAE RO K U i, IMERG A1 GSMaP >k i & 2 8430
s 0oh . B K TS 2 Rl L AR AR B — 2 DR B KB R (Shige S
et al, 2009; Draper D W et al, 2015; Huffman et al.2019) , ® Jgf P iftmm R &
IR RN 0. 1° ) L Rl (EREO MEKERL, AR Ak, K
3 BRI T Z M (Kidd C and Levizzani V, 2011; BRBEZE%E, 2017; Naud C
M et al ,2020) o HI-T#EERR & L AME RGN 2 X IE B L B 5 iR IR %, LK
AR SOE PR K RS AT AR T AR R EFZ T REE (Tan et al, 2016) , TEKR
WA i LA AT A e R 2, HORERIAEAE B e = 5, — e B IR 1
FESE MR A . L, BEFEN GO GPM S8 B 7K 7™ il B3R ZE R AE T e 7 KRB0 TAE O
%:fF%, 2015; Prakash, et al, 2018; BR¥ZZE4E, 2018; Trinh-Tuan et al, 2019) , 1§
AR T HAEAN RIS ) RUBE AN [RI 3 XSRS TS 5T IR ZEARFAE , D T2 S /K 7 Bt ks B2
Bt R N SR T 2% .

AR TN, B K AR (TL34%E, 2022) , 45 ARty R E % . IPCC
SEALPRA RS H  BEAE A ERAR LT, R B0 P 2 B b LWl R /K S AR 45 ok ki
IR (IPCC, 2014) o FEMLTFTRT, BFFEA TR 7 K& IMERG A1 GSMaP &5 T2 I F
ZKT b P AW S e 7K B 073 o P A SR AE 7 T IR AR (B2 84, 2018; Tashima et al,
2020; Nepal, B. etal, 20215 ®HKF5%E, 2022; #NA5, 2022; MBS, 2023; MG,
2023) .

— ATy, i S RT DL R AP 2 T BEAT BEAR , A s A A R 52— (]
BN RS ER T BPIR ORI, #R3 R S F R R — KA TG o0 A A s
Wb RAEMIEAE (Solomon S, et al 2007) o BFFLN RTEREAT TR K= i B ity B 7K

W APERAERT T, F W BRI RETT R o i B SR SR I 75 T, Tashima et
al (2020) FIFHZEZRGH T R, GSMaP JITSER 2 5 7E 42 0K P8 AT X I 2 X
AT B (BRI BE 7, 10 7E B K T 110 8 065 DX S0 R IR 72 o At i e /K A M
ETCCDI (Expert Team on Climate Change Detection Indices) #Hi T — RFIMzIEEK
PR, ESMER ARG TR WEAR G IR E TR TR R TR R K
o A s 7K S S P PR AE O AF 7T, Nepal, B 2% (2021) FIF i b i B /K A5 506 IMERG
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1 GSMaP 7E JE /R Sl HE 8 K (1 IS 25 A R ot A o £ 187 FH A M EAT VP A I, R B o
PE AR RES A PR K R 22284k, o, IMERG 7R H /KA (E (RX1day 1 RX5day) 7
[T GSMaP , GSMaP JUIJ 7 4fi $i 5= T-Rp 482 I [B] F1 I E 1P 7K H % (CDD. CWD~ R10mm.
R25mm) J7 I —8: Aksu 5§ (2023) FEEFXS B H TR Sis B K = it A& P M R AE A
FUS, WHE—B R IMERG ARAGIELEARFEKFE (CDD) , il 8 4K H £ (CWD),
HAEARRILG H BRSO L BT, HEASE (2023) 7EF A ik Ak K 45 B0
IMERG 1 GSMaP 7t H [ [X 38 5 di 47K i 00 o B s P PSR AE REAT I I, R T B2 e ™
s P ARG f Bt 5 A0 o e /K AR 000 25 TR 3 AT ARFAE , ELZE AR AR ML XA T ik X s T8
PEAE (2022) XF IMERG 5 GSMaP 114 4 %4l T2 B /K 500 75 r ] A [X 4l o e 7K 1) s 00 s
JIBEAT TG, KB IMERG 11 GSMaP HUHE 575 52 22 R WA (¥ B2 A M % X 400 RX day F b &
P R A, AR H AR AEAEA A FEEEARAY, %) RO5p FRAFII RIS AP R
PR IE R EDT T, B2 AR N— R FUAS F K B U SR R, e HCEAT TR Ao i
GPM /7SI A T2 AR /K 500 7 P e — YA B 1 AR /RIS <7 = 207 Aty 2 R S v (3 P
PERFAEEAT M, AN B (282, 2018; WIIRIT4E, 2022) KBL, TR i B K%
AW g 7K By e /s ROBE S AR M L J I 1 — e AR, {EL 5 Bk o A AR K g 2 ] 5
HUANG Chaoying %5(2019) 7347 1 IMERG 7E7N IR & MK I F K SEAF 93 I, KB IMERG
AR BRI S T R R REK I A (B A, 5 IMERG_Uncal (AT ITETHIZIE) AH
tt, IMERG_Cal Citify METHRIE) Mila TR R, JCHORAERER ORI FK R &
S5 (2019) Xf GSMaP 7£ 2017 “FH 44 H B B0 S R B s P /K A M U € 84T 1 P-4, I
R RRE T, friRZE AR ZE L E R, XTEE IMERG 778, GSMaP ™ i fE 5 FE 7K
FE A R RBURE AR L ASEAR T RIZA B IMERG 7= Zhou, C.4& (2021) 43#fr T IMERG =
AN B 7K b TE WA D A B e 7K < M 00 e PR3 Y PEARRALE , RO T2 R 7K 7 i 52 i T 5 TR
K, HWJESEJHIX, IMERG-F HIRE/1idf, HEAEAMHIX, IMERG-E 1 IMERG-L [
45 5 IMERG-F —£(; Zhang D %5 (2022) @i —FF B AR R EEREUE T 4 B 416 X 45
i FE /K PR, KIE T IMERG W il it AR i i P K SRR P IR, B IMERG-F
FERTA I T R R I T IMERG-L.

ERBEFLEY, IMERG FI GSMaP S A e 2 BRI 8 /K I 25 A3 AR AIE, 6835 A /K F T
B — BRI AT, HEARFERNM A S AEAEY 5 AR XA — e % 5%
0o ECAE 8 5 X AR o e/ M 00 A o P P VEARRALE , U AR — D = A5, S HR AT
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B 7K B AR R AE IR BT AR ER N

UrEeaEok, bt X — RIMRIR K A GRZE%%E, 2012 PRIEEESE, 2020; HAH%,
2021; P25, 2023) SR, 45 NREBEAMAE I 243G T = E iR, B EREAMN
TN DX AR s e K M 2347 o T SIS AR K S Ay — o B 2 23 6 1 B K R,
FE— B FEFE L mT ASRAN SR AS A, e M T A5 o e 7 Py b O 00 5 46 52 458 O 50
R I RS, SR T B K U 43 BT A 9 TP (K — R AN R T B, 84 HAE AL
e 7K 0 o P MR S 2 A g e b 1), S DA v R ) I it L N ey 2
%, WA TR AR Ao e K S5 K, % IMERG 1 GSMaP 76 b Ao B 7K th i 434
w0 R HEREAT 24T, RASI R ) 1 I 36 Bk /K AR Jr ST b DX AR i e /K A 42 i 2
%,
2 H A7
2.1 MRXiFFEE
2. 1. 1 WFFEIX AL

AL X AL T3 E A, AT RSEX, ZAREFERGEW, HEKEA 82
TR, H PR K &R E 200. 0—500. 0 mm 2 J8] (] 1), 2905 44F 60%LA £ GRS
SRS, 2012) , SR RIARE AL B AR R R ARE(E 1), B
HPGAb I 2L 7 e/, RIS m i, i, PR, RS, AikaEeE (@),
B FIT AL X S TR ARHE S B B i S B R, KBRI4r 7 s st X (&) 1 b Domainl, 3 s
PR 903 m) « mEAEEEERX (B 1 Domain2, S AP 153 m) - ZHIE
FIUEVESLIR A TG JRIX. (8] 1 o Domain, 3 TR 30 m) DA SZIEVER IR
BRI AR B e fz X (B 1 A Domaind, 3 sUFHHMEHL 95 m) , R S HAE Bk 4 AKX
RIS 22 S AT 43 HT
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Fig.1 Map of the study area’ s topography, average annual (summer) precipitation (statistical

period from 2000 to 2023), station distribution and regional divisions

2. 1.2 CEHHE

HRFEACH X AR K R 5 B T AR ORSLAESE, 2012) , HARSHSR M
KA AR 2R, SR RVl | R R A e R L 2= W10E] (6-8 H) M fEK
()38 FHPERRAE, PRAXT 5y TMERG R GSMaP 1) B P~ i, 225 504y v AU 5 S B R i Akl
Bk HAE (08:00-08:00 I, Jbxti) B8kl ZBHEKET PEAZRAEHE = TG, XT
RN 5%EJuE R, KRS58, RAS SRS 649 b G fiALE N 1
Fi) PG BRI K 2000-2023 4

IMERG P& /K #0560 5 e SE I O 132 4777 it IMERG _early Gififg 4 /NN JESEI ™
fh IMERG_late (Jiff)i5 12 /NN ARSERF A5 SEIN 7 IMERG_final (i) 3.5 MH) &&=
AMAS (Huffman et al. 2019) , 7 it A2 i % v 5 SRR K S, A28 Goddard
Profiling Algorithm (GPROF) (Kummerow et al. 2001), ik KT A A 1A% 3% i1 54,

V06 Bk I s R BRI I 2 TR B RS B, o, IMERG early {1 Al A
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3%, IMERG_ late WU [RI BLF T HI A0 RIS ML, So oK MDA K R G 4047, BbE
JiEZ% Joyce and Xie (2011) I AR, DARRZREK™ i IR AESS 1T FE , o IMERG_final
FIF GPCC H K BORREEAT T 22 IR HE I J 1R it o

GSMaP [ 7K B3 42 05 SN 77 i GSMaP_NOW (3 1h) o I SERF7 5 GSMaP_NRT (¥ &
4h) « ARAES” il GSMaP MVK (3 J& 3 d), BA K& T GSMaP MVK IRy &l . HuE S SURAE
BIEATRIEMI P GSMaP_Gauge %5 & %177 (Shige S et al, 2009) . GSMaP fiif s Jii %
IKEVESH Aonashi et al. (2009) LAE, FA AR E) 5 W 5 55 ) (166 56 A
BERLRT R R K 3R, TR ALAN G, 8B R B ARIUE T LA = BES N, fb & il f e
KIAR/R SRR (Ushio et al. 2009), FYEMGAESFRME, R EBROME S ENHT CPC
(%) B BORFEAT o 2 52BN 7= GSMaP NRT P 7K S isi S0ick 5wt BvE — 350, (HEAT 1 3 24 4L
H SR r= i E X RITE T T SEi = i A U R vh, KSR o TR s s 4041
Wb Ka AR, AUER T S Bt TR G, WRERE TR, UEA%TES
.

2 R B 5 L FH ) SR 1, T B SHEBHE A I, SO VAl RO ER T 3T V06 SR TT R 1Y
IMERG_early CAJ7fEHER, LAURFR IMERG V6E) Al IMERG late CHNJ7{H#IA, LLTFHK
IMERG V6L) RS 7= LA & GSMaP_GNRT CHJ7EffiiA, LAFFR GSMaP GNRT6) [ HH
FORE, A ORE B 1 R,

x1 PEREMKBHEZERFEER

Table1 Information about the satellite-derived precipitation data used in this study

I 6] 73 2% MJﬁ# 7w Ju i 1) 915 HER
% (h) (-
IMERG 0.5 0.10 90° S~90° N 2000.06-HL1E NASA
GSMaP 1.0 0.10 60° S~60° N 2000.04-3 £ JXIX

2.2 ARF*

BRI P K I 2 AR RRAE, SRR ETCCDT 2 (AR P K Fia 4, U
KB BEAKBIR B PR BREE S 3 K2 6 AMbs (L3 20 JEAT /00T, FFEET R b Al G R AL
(Correlation Cofficient) . ¥J5MRi%Z (Root Mean Square Error) . AHXH % (Relative

Bias) SiFATalr (IHEJ7 IR 3) X TR SO B /K i i ZE R AR EAT & VPN
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Table 2  List of extreme precipitation indices used

PR ZF & X HA
| M =95%43 . H B K & B R K o

e . HH 2ok &
29 =99%43 . H B & B F% K o

. F 3 B ok

=>20. Omm/day HIFEK H H
vk

R AR AIR RZ20mm b REK days
Do =50. Omm/day 757K H H davs
itk A 3 !
[ 7K B RX1day K H bR E mm/day
RX5day K5 HEKE mm/day

VE: HEECRIETFMAL Chttps: //www. climdex. org/learn/indices/[2024-09-15])

LR R KSR BRI TS, AR IR SR XA (B 1) & H s H oK E 558t
B (2000-2023 42 B Z=H1R) ) 45 ki i B b 22 2D 34T HE R, ik H HE44 A AR o
KH, AE b X Ao b K R RS, o TR ROE PR 5 BRI RE 130 T 0 4. iR
i P K SR 5 S, A T2 BB AARO BB PR T 58 (Rl s, 2014) , i L2 S
B /K DR B D 55, JCHO AR S o Pk, JFC O 95 I BE D WA, 3R TR o R0 18 ML X Al i i o
IKHIERIGE Sy, BT 4%t AT & NG 1E (Tashima et al, 2020) , #miFIH &E 47
TOP {H (FNZEEE, 2017) SEAHXT B (K4 i P /K FE T ¥, B ORTE T 95%- 99% 73z, TOPO3
{E. TOPO5 fE & Mhm B K ut i, JFRIA A bR RE R IR g fabs GHET
WLZE 3D o T S Bk K7 i b i 5 o /K PR D E 0 EAT 2 B VEAD .

r 5 3 ATy, ) FH AR I s A B 77 VKA S B 7K BRI B 2k fUgEAT X L AT, Geit it B
IERRIE T 1. 0 mm/day PRSI
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Table3 Evaluationi ndex calculation method
i1 THE
(G, -G)(S,-9)
B ARBARE R CC=—=— —
\/Z(Gi -G)? .\/Z(Si -S)°
i=1 i=1
KRR RISE (am/day) RMSE = %EXa—qf
i=1
Z (Si v Gi )
FASHfZE BIAS (%) BIAS = =————x100%
36
i=1
a

iy H 2 POD POD = ——
a+c

IREEZ FAR FAR = L
a+b

SR T % CSI csl=— 2
a+b+c

e NORARER GOMMERK: SATENK: G ANBEMATE: S HERMATSN: a NERAPRAS
B b HEERRMANE, ¢ AERRREARE

3 4o

ASCHF 4 B EEASELUR =8 A D) BRRARIR R E T 2) M Pk Fa bR
RZEERHE T 3) MBI K AR EE i . BNk, SCE A IR = AT AT
Gt
3.1 KB RERHES IR

2 IR X 35k A TR S 9 o 7 g T St L ) R K R R A .l T,
GSMaP_NRT6 A Y BRI AL AFAE, TMERG U A HE I e A A, 3k =t ity AR X (it 2 73 il
~8.8%%. 5.97%F1 9. 81%, IMERG V6L % IMERG VOE fifli SE IR . T S B /K= it 2 i ot
100. 0 mm/day P FIRZERSREEAGTFA L, Forfr, IMERG % GSMaP_GNRT6 A fredcift. R4 t
R5e, 7E 95%EAEIXIH A, I~ A e 351K, Ferb LA IMERG_VOL AHOGMEf e (AH
K EHCH0.66), IMERG_VOE F1 GSMaP_GNRT6 [JAH I B I HLAEARAH S5 (FHOC REEYH 0. 64),
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R WA i AL R A L sh B PR & )5 (1 TMERG VL BN T /i A& Rk A

Y AR LKA IMERG VBE (Huffman et al.2019) 7ERE/KI 224340 B gkt

500 500 500 -

N=1388650  GSMAP_GNRT6 ,* N = 1388650 IMERG_V6E ,* N =1388650 IMERG_V6L ,*
CC=0.642 " CC=0.639 g CC ="0:662 P g
BIAS = —8.8915 7 BIAS 559711 s BIAS =9.8087 7¢
400 | RMSE =9.888 77 400 4 RMSE'=10.338 s 400 7 RMSE =10.425 Y
E’ B E‘ K] . 2 o, Ty Vi @
= = o, =
= 300 £ 30047 = 300
E E E .
2 2 ] »
= 200 = 200 § = 200 -4
=3 @ ¥
= = =
w2 w w
100 100 100
50 50 50
0 4 0 : 0 &
0 50100 200 300 400 500 0 50100 200 300 400 500 0 50100 200 300 400 500
Gauge(mm/day) Gauge(mm/day) Gauge(mm/day)
10 100 10t w0t w0t 10t 10" 10t 10 10t w0t 10t 10 w0 10 w0t w1
Scatter Count Scatter Count Scatter Count

B2 A XA M A TR R IR K H K B R A

Fig.2 Scatter plots of rain gauge versus GSMaP_NRT6, IMERG_V6E and IMERG V6L over the study

area

BB R X ZE SR (W3 4) , GSMaP_GNRT6 7E PUAN 1 J&E [X 5 4 1 HH BLAE Ak
G, JELAL T B X ARG 5 A W B (R 22 4-11. 55%) ,  IMERG S Ak DLl A3,
(LA LT e 3 [X A7 AE — s REFEAR A R 220 B A4, 67%A1-1. 64%) , Mt T2
B2 SR i e A A LD KPS XA AEAR AN B SR . BEA, FRVERIZ, IMERG 76 & It
B DX % /K PR it B 552, TMERG_V6E Al IMERG_ V6L frIAHN i 25 43 7 4 18. 99%F1 24. 54%, ik
i 2 2 I (X358 P i 2 FE2 P88 e R F), S HHY TMERG 7 52 ¥ il 4 A B0 5K [X 338 A7 7 — 2 11
R o YA EE e T X 3 T U8 e /K= o (R A DG SR A TMERG V6L S5y, R i S HALIX
GSMaP_GNRT6 FAHICHE (AHOC R 0. 63) - IMERG P il CHHK R &4 71004 0. 58
F0.60) o MAKKRE, 7ERRIXIH, GSMaP_GNRT6 frIHH e AN 75 MR 2245 4340 T TMERG,
RO s 78 Ll kP B I8 XA )5 X35, IMERG & iR #5 3448 T GSMaP_GNRT6, H.LA
IMERG_VOL RINFEE: FESZHERG /AT R BUR M 1 L2 X, IMERG_V6L ARG T
GSMaP_NRT6, {H HAZFE 2.3 3 il S S 77 AR R ZE (R R Il L3 43 BT e e 78 AN [ 1 2L X3
TR RIEBEAKAFAE— € 2 5
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K4 DEREFEKT BB REGHMER
Table 4 Overall and regional performances of GSMaP_GNRT6, IMERG_V6E,and IMERG_V6L on

CC,BIAS, and RMSE statistics

Region Data counts GSMAP_GNRT6 IMERG_V6E IMERG_V6L

e - BIAS RMSE o BIAS RMSE - BIAS RMSE
(%)  (mm/day) (%)  (mm/day) (%)  (mm/day)

Total 1388650 0.64 -8.89 9.89 0.64 5.97 10. 34 0.66 9.81 10. 43
Domainl 265314 0.63 -7.07 6. 96 0.58 5.16 7.62 0.60 8.02 7.76
Domain2 217993 0.63 -11.55  10.54 0.65 —4.67  10.36 0.66 —1.64 10.31
Domain3 248515 0.63 -9.01 10. 51 0.65 1.73 10. 47 0.68 5.00 10. 43
Domain4 184060  0.65 -8.95  11.82 0.64 18.99  13.41 0.67 24.54 13.74

3. 2 iR Pk R AR IR HHE

T B K ARER, MBI« BRI Faf 7K S B2 55 5 T vk I B2 S 8 o 7 7™ ot AE M i
Ref 70 B VR AR AR AT 23T o
3. 2. 1 /K EAH AR EOEAl

Bl 3 25 T TR ey [ K AN TR IR NPT R95p R99p FEHU I 43 hr K73 B &« el I ] 50,
GSMaP_GNRT6 I HARAE mfili v S (B AIANARRAE, IMERG U 223 —BUsfhFHE, H=F1EmE
DX 1y i 27— P 8 A A B 8, 3 S e T i e /K P AR i e /K B A /N X
fiti W A K B, T MR s PR K R R (X3, GSMaP_GNRT6 I it Wt i P4 /K &, TMERG o i AR
Be/KE, AHEME, IMERG VOL %5 IMERG V6E mifi B NI, Joil /& R95p $RELL & R99p 48
B, ZEPAECS A, BHXF 450. 0 mm BAR S U 85 7 ARl X 0
(¥ 99%) A ISP K it i 22 R S A RN, St TR S5 6 ek 7 o A bt [X A o B 7K
RS 5D R, (EXF 450, 0 mm LA B3 A, TR OB K i i 25 AR P U AH
XK, HoAr, GSMaP_GNRT6 15 K4 Bl (4 KA AL AW &, TMERG P17 i 1) R99p
FEHAE 500. 0 nm o7, I —MRZEEE, HEREREX BTN SHRE, =ME
B REK kb rh, LU IMERG_VOE {7 R BE /)y, S it H A8 A0 i ok /K B8 220 18 5 17, IMERG_VGE 5
b TN B AT
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20160720 04 (22 ¥i/259mm) >10 Cfi/%mm) 04 (23 3i/176mm) 05 (20 3/206mm)
20180818 04 (22 ¥fi/338mm) >10 CGk¥ifi/#mm) >10 CGk¥ifi/*mm) 08 (17 3i/234mm)
20190810 06 (20 3i/367mm) >10 Cfi/%mm) >10 Cefi/%mm) 06 (19 %i/262mm)
20210720 07 (19 3/624mm) 04 (23 3/274mm) 04 (23 3/289mm) 02 (27 %%/343mm)
20210721 08 (14 ¥%/447mm) >10 Gkl /#mm) >10 Gedfismm /) 07 (17 %k/275mm)
20040716 09 (13 3/392mm) >10 Cxili/#mm) 08 (16 3f/258mm) 09 (16 ¥%/311mm)
20160708 10 (10 ¥k/374mm) >10 Gkl /#mm) >10 Cxi/*mm) >10 Gkl /#mm)
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Fig. 8 Spatial distribution of accumulated precipitation for ten extreme precipiation cases for
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Fig.10 Spatial distribution of accumulated precipitation (unit: mm) from 08:00 on 30 July to 08:00 on 31
July 2023 for OBS,GSMaP_GNRT6, IMERG_V6E,and IMERG_V6L
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Evaluation of the Applicability of Satellite-Derived Precipitation in

Monitoring Extreme Precipitation in North China

CHEN Shuang CHEN Tao FU Jiaolan CHEN Yun

National Meteorological Centre,Beijing 100081, China
Abstract

Strengthening the monitoring and analysis of extreme precipitation is crucial for early
warning of disaster weather. Based on daily precipitation data from the national basic stations of
China Meteorological Administration from 2000 to 2023, the applicability of three
near-real-time daily products of GPM for monitoring extreme precipitation in North China
during summer is analyzed from the perspectives of extreme precipitation indices and extreme
heavy precipitation events. The results indicate that: 1) IMERG products tend to overestimate
precipitation, particularly in the Shandong Peninsula, with IMERG_V6L showing a more
pronounced overestimation, in contrast, GSMaP_GNRT®6 tends to underestimate precipitation,
especially in the foothill regions.2)Precipitation amount and intensity indices generally exhibit
higher correlations in the transitional regions between mountains and plains compared to other
areas, while precipitation duration and heavy precipitation frequency indices show relatively
lower correlations in these regions, and in regions with more precipitation, the correlations are
higher than in regions with less precipitation.3) satellite-derived precipitation can capture
extreme precipitation days, with IMERG_V6L performing the best, however, the absolute
intensity of precipitation is generally significantly underestimated. Using relative thresholds
such as percentiles and TOP values can reflect the spatial distribution of extreme precipitation,
but there is an issue of overestimation in the spatial extent, with GSMaP_GNRT6 showing the
most pronounced overestimation.Overall, IMERG and GSMaP have potential for application in
monitoring and analyzing extreme precipitation in North China during summer, but different
products should be distinguished and applied according to different regions and application
scenarios. .
Key words: satellite-derived precipitation; GPM; extreme precipitation; monitoring and analysis;

applicability characteristics



