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ABSTRACT

Long-term observational data representing the climate characteristics of the target area are necessary for statistical
downscaling of climate change scenarios or seasonal forecasts. However, it is difficult to obtain high-quality
observation data in developing countries due to frequent sensor failure and lack of maintenance personnel and
budget. In the study, we developed a gap filling scheme for missing data to enable estimation of the climatological
characteristics of a target region. For this purpose, artificially generated observation data (precipitation) with various
levels of missing rates (from 0% to 43.3%), mimicking actual precipitation data from a developing country, were
examined. We found that monthly climatology of precipitation was affected by missing rates greater than 5%. To
fill the missing gap, we adopted estimates from nearby weather stations or satellite/reanalysis data. The missing
data were estimated and utilized based on the results of correlation with nearby weather stations and the grid data
from selected satellite and reanalysis data. Five climate index-based evaluations indicated that the resulting
gap-filled data showed better reproducibility for climate indices of total volume of precipitation than those
associated with daily patterns of precipitation such as number of rainy days and extreme values of daily

precipitation.
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gAY BEE BEA R ZASH: 05 (eronS 2L
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o} shagt 75wl ik BEs QCk A2 A7
S1g 271410l A9lE ERPIE ek

obA ARt AHY F1SARe] EAsHe U4 Bl o)A

o AL o A9 NFEYS wets] 913 BATHA
24 (3HIEhel AHS Aol 2lolek. webd 72
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77k 7| AEEA A 0] A2 E E8ske Ao] 7P HEA o
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IBER Wk Ee Aol BEAY 19 e
AR Qsid 25ARS] RAIE oA 2t (Gubler

et al. 2017).
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I QAN W Ao, At o g2 Abw 7K Hol &
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As7F A2kt (Plummer et al. 2003; Mantas et al. 2015;
Schmocker et al. 2016). 1Ho|| = E4L5tal o5& tiAE 4=
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o]t} (Golian et al. 2019; Sun et al. 2018; Urraca et al. 2018).
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Intercomparison Project Phase 5) 7| &H3} Alufe] 2 Z}&=of
A A 717F (Historical)o] Sg=+= 30 (19761 19~2005
Y 12¢) 717k gigt 714 2371 TER 7 (ASOS)oA]
ST A= A=olvk 22yt A3 607] ASOS - 1071
S AR Ads] 1071 ASOS  dielld  Yejem
0%-43.3%2] AR A5 WHeo] oAl ASAtas
T3} (Fig. 1). 0%-43.3%2] A=E2 4AA| APEC 7|3
Al 2] 715412 Aot algZ2 o] ojgiel =
e 7VRSARS eatAe 25 dds IR A
% Aoty &2 Al JoESARE AT de
0%-43.3%2] A=52 7} Al ZaxpE o] Aty
AZeo) A7H HEE 107 ASOSe] EaA Heato] 4
o). o)A SOl A ARARS o n ASs
ol #ig A|qe] A 7Fufeo] YFE v =S 24
sh7] ffall Z=ridell et A g 25gke] A9 fle
dEAtmet 214 vlaste] EAEII-

22 AEXE S| N U NS

AA7174717% (Plummer et al. 2003; WMO 2007; 2008)°]]
A 718ARES] Qo Rt A1 AlEstal AL ASAE
& FAst] A= A2 SABHA etk s AR
QC AJH ol o] Bz Akme] Hish o A5A1H <]
T2 Ae ARS v oR 85 W7k ol AlAl
sjof 7] wizell, ol & AR O sto] AR F471Y
ForsigiTh
SEA 714 1071 ASOSS] 7[R I=E 7RIS 2 RhEof%
JdolAEARg o oY A= 48] el % 3
wAle] ARl e Agsit (Fig. 3).
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Fig. 1. Location of the 10 Automatic Synoptic Observation Systems (ASOS) for gap filling technique examination
in the study (left map) and the artificially-generated missing rates for individual ASOSs (right table).
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Table 1. Satellite and reanalysis data used in the study

Descriptions
Data type Reference
Spatial scale | Temporal scale | Data period Update interval
Satelli CHIRPS 25 km daily 1981~ monthly update with 1-monthdelay | Funk et al. (2015)
atellite
PERSIANN 25 km daily 1983~ Annual update Ashouri et al. (2015)
Reanalvs MERRA2 50 km hourly 1980~ monthly update with 1-monthdelay | Gelaro et al. (2017)
eanalysis
ERA-Interim 75 km hourly 1979~ monthly update with 1-monthdelay | Dee et al. (2011)

Table 2. Precipitation-related climate indices used in

the study
Climate Index Description Unit
PRCPTOP Annual total precipitation mm
RxSday Maximum 5-day precipitation mm
R$Omm Number o.f days that precipitation days
amount is greater than 80 mm
CDD Consecutive dry days days
ntensity Annual total precipitation / number mm/day
of wet days
23 AZXY 7Y M Z 24
A BEFY U SAAOR 485 H <l 7
AEA GO $14 s AA] Aote] AL TS
2 ejEsAtre] e ASgko] A Het o2 2
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AZAR 247|He] -84 s 7| 2HE AHA3E 95t
JeixmE Bgsl7] S5 wolA Amel Wiz A
3o BB,

WA 7 tel AR THgolA SRS 75 AR
9] Ho|® A (bias-correction)S &3}, & & LJ_X}E7]-
ArAzo] 309 YPFES At AASHAS 3
At

ARAe) A HE Bk Sla) YeARst 255
A o)) ANASAR EE A Budme) 4 B
AFo]2] Root Mean Square Error (RMSE)E AlAKTH T AN

AL F412] 71513} AAste] - of] || 715 E Fol
A A9 7150) A B W AR B 4 A
Sk |ERE e Agel] Sla) B4 )T AR %
7}& gt} (Cho et al. 2018a; 2018b). & A LojA= A=F
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Fig. 2. Comparison of the monthly climatologies for 30 years (1976-2005) of the artificial missing data (Missing)
and original data (No missing) of 10 individual ASOSs.
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Missing rate: 43.3%

Weather station

observation data

with 43.3% data
missing rate

precipitation (-99; missing)

Missing rate: 1.1%

Neighboring
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MERRA2
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precipitation (-99: missing)

100

Missing rate: 0%
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station-based
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76-2005)

Fig. 3. Stepwise application of the gap filling technique
for the artificially-generated missing data of
Seosan ASOS (ID129) with 43.3% missing
rate. Note that daily missing data (-99) are
gradually filled after each step of the gap filling
technique, resulting in missing rate change
from 43.3% to 0%.
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