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A Study of Spatial Interpolation Impact on Large Watershed Rainfall Considering Elevation
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ABSTRACT

This study was conducted to identify the effect of lapse rate application according to elevation on the estimation of large scale
watershed rainfall. For the Han river basin (26,018 kmz), the 11 years (2000-2010) daily rainfall data from 108 AWS (Automatic
Weather Station) were collected. Especially, the 11 heavy rain and typhoon events from 2004 to 2009 were selected for trend
analysis. The elevation effect by IDW (Inverse Distance Weights) interpolation showed the change up to +62.7 % for 1,200~ 1,600
m elevation band. The effect based on 19 subbasins of WAMIS (Water Resources Management Information System) water resources
unit map, the changes of IDW and Thiessen were —8.0 % (Downstream of Han river)~ +19.7 % (Upstream of Namhan river)
and —5.7 %~ +15.9 % respectively. It showed the increase trend as the elevation increases. For the 11 years rainfall data analysis,
the lapse rate effect of IDW and Thiessen showed increase of 9.7 %~15.5 % and 6.6 %~9.6 % respectively.
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2 RS AAEE Bl QIeh (Yun et al,, 1999). E3F 4921z 0]
tisto] oheFet B HE Agste] 1 eldat &joof st
o] A58k vE7E Qle} (Cho and Jeong, 2006). 7L £]e]l PRISM
(Parameter-elevation Regressions an Independent Slopes
ModeD& ARESto] o]l Bh= Al Jaagat 22 223
RO 2w g AYAlste] e Brte] 283t Akl7t 9lrt (Shin
et al., 2008). ALE2] STl WE Zo= S7FFS AP 9L
oA GollAl= Ao} 7H--eke] WAS Asio] A=9] 1,000
m Z7H 39 Z710 2 2,040 mme] FR AP Bt 9l
o (Goodale et al., 1998), Hl=ollAl= 1,000 m 57H] 2,170
mme] $25 AW‘@ AREI7E Qlet (Daly et al., 1994). 7L <]o]
7 Z7RS A AlEE %9 1,000 m 27 Fee
74 % 7Kt A7 o]F0iZl Bi7E Itk (Smith, 2008).

ARy SR ARE W] HsiAE nAISA Gl et
H7to] Fasieh. oo tisto] ¥ H‘L'7P°ﬂ 2ol ofg] W
et ﬁ? I 1T°17<1L EP r1H oof| oA AkeEat,
‘IW -1E 7R, 4t
2y 7158 w"fu, Krlgmg‘ﬂ 7M‘ﬂmlﬂﬂ‘ﬂ olEH, T
A G2t 5 107F] 71HE ARl Hlastglon (Lee
et al., 2001), J%Jé‘v}‘ﬂ, Thiessen'd, 5414, A4, IDW
(Inverse Distance Weights)¥¥} Spline®-& o|-8ato] H2H
FFFS APte] B A7t WAt ek (Kim, 1999).
1 9o IDWH, Kriging'l, A|ofchMIRRba A uke
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£ olgsto] ujrlss Aol whE vl X F7HE Skl (Lee
et al., 2010). T3t Spline®], IDWH, Kriging'Hl, Trend Surface
e} Thiessent & 4714 71%& AMgste] 57t 77] o] 4
7goll SlolA et 7155 AlIf AES w7l HRiol disiA ¢
T3k B} 9tk (Naoum and Tsanis, 2004). Spline®, IDWHa}
Kriging®H& o]-8-5to] 2o} 73-9-of thsfiA] Hxkgh A7} Qlck
(Irmak et al., 2010). 3 Kriging¥> $AHCE 4514
ok #EO| 7} et IDWHo] AlZA R ke =g
s 4 okl BA8H3TE (Blackmore and Moore, 1999).
2 Aol A= ThiessenHat FHEII7H FollA ROk
oA 7P dRbHoR Mol= IDWHE o83t v Htt
S5 Aol glo], ko mE ST HlE A off we
HIMAYE vl B} gt 9] %9 7|, A
7S A8she A A9 A2l H3kE Yop it

= Q7] il PR 591 36° 30~ 38° 55,
78 126° 24'~129° 02'of] AA Fht= FHe] f1x|skaL
Qlon) fouze 26,355 km®olt} (Fig. 1). DEM (Digital
Elevation Model)2 WAMIS (Water Resources Management
Information System)®] 30 m 3XFIAE ARE AR-SFYLH
gARFel B 0 m~ 1,547 m, #9 HFEE 4129 m
2 W =] A} An, HAR| G} ARRA o] EAE
ofgle] dltkeo mE FIHEEE Gobiy] flste] A ekt
FABAFY A, Bl s flste] AR E 710

Table 1 The 2004~2009 rainfall events selected for this study

Period Cumulative Rainfall
Event No.| Year Date (mm) Tyve

1 2004 | 06.19~06.21 174.6 Heavy rain
2 2004 08.17~08.19 149.7 Typhoon
3 2005 | 08.02~08.11 146.1 Heavy rain
4 2005 | 09.17~09.18 58.2 Typhoon
5 2006 07.09~07.29 812.1 Heavy rain, Typhoon
6 2007 | 08.04~08.10 251.9 Heavy rain
7 2007 | 09.14~09.18 178.0 Typhoon
8 2008 07.19~07.21 115.5 Typhoon
9 2008 | 07.23~07.26 220.2 Heavy rain
10 2008 | 08.02~08.18 180.5 Heavy rain
11 2009 | 07.11~07.16 284.0 Heavy rain
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Fig. 1 Location of study area, elevation and rainfall gauging
stations

2 GRS AQet 197] Fd9S ol8ssith

HAS flst] RAW A7 dEEAH] (Automatic
Weather Station) 108714x] 20009€ 20108714 #=H
AARE ARSIt 1 F Y] A= anel gk 4
A 2L $lskel 2004~ 200999 ARl FgE v
o9 2 o 117 A AEstSiTt (Table 1).

2. 1Eo] Mg IDW SZtEZt

5o W kpego] wols FpAIAHS] 57, ol F ), of
TEE ol Y3l AAHERE AZIER gt S o 5s
= 28 AMAF 71551} (Landsberg, 1958). 134 Yun et
al. (1989, 1999)9] A-+Zxol| oJsh, A7t T4l £2=
He G339t Aaf ARER|olA 3% 100 m Aol wek 5 % 3
TH ZTRIAL st o]E ATEAE AR B gt
A%=7F 1,000 m Al AEEFES 74 % 57H (Smith,
2008)2 A-&3199=t, ol Jo& Allehd 1% 100 m s
of w} o] 5.7 % F7kek= Aol didEch

o] Lapse rateE o A-8317] fJoto] 1EAoR #H s}
W (DA gt 971N Hyp & DEMAS] 3%, H,,, <
o] PWHIE (412.9 m)oltt.

( HI)EA\[ 711,1[('4“1 )
Lapserate = 1.056951 100
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(221 Shepard (1968)4e1H 714 p= A HA|G
(exponent of distance)©|1, d,= WAAIEZ #H=H] 7z
Aol (3)4]o] ofsto] ALtstn Rrol= tiitoll 8%
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Table 2 Changes of the rainfall before and after applying lapse
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1. A5 J24et IDW HE

DEMS o]83ato] Z+ Azlof| dgsl= Lapse rates AFYsH 2
T}, 3L s (4129 mE 7|1R0E ~19.6 %~ +
83.1 %2 WHskgo] A=} 3t Z Evento] 0~ 400 m
T7H} 1200~ 1600 me] Hatgk 235.4 mm, 363.9 mm= 1
Zpol7} 128.5 mm= YERHTE Smith (2008)0fl4= ER 7%
1S AAEIYS W —20.7~ +120.2 mmE YEREoH ol
FAVES EAR et vjustyls o efddt AoE ddE
FS 3F $of] APYH Lapse rate
= 48 Al digt A5 APYsSich Lapse rate
28 Tof| APAQ FF vrFstaL S-S SRIskoir
Table 2+= 1171 Z-AVdel thsto] IDWHe| oJgt aeare
S| Fo7ews 1Y) #uAzke R SRSk Aegt A
o}y, nErdo] wE FA7}FY] HHHstgE Y, 0~
400 m A + 2.0 %, 400~ 800 m EZHNA + 14.5 %,
800~ 1200 m FbollA +42.6 %, 1200~ 1600 m F-7FollA]

rate for the 11 events

Elevation (m)

Event No. 0~400 400~ 800 800~ 1200 1200~ 1600
Bmm | A(mm) | R(% | Blom) | Am | R(% | Bom) | A | R(% | Bom) | A(mm) | R(%
1 (Heavy rain) 165.1 168.1 +18 184.6 211.7 +14.7 193.2 276.8 +43.3 159.0 254.2 +59.9
2 (Typhoon) 129.6 131.7 +1.6 167.8 190.7 +13.7 209.5 299.0 +42.7 226.4 377.8 +66.9
3 (Heavy rain) 169.9 174.0 +24 121.8 140.5 +15.3 86.7 123.0 +41.9 81.2 123.2 +51.8
4 (Heavy rain, Typhoon) 69.3 70.5 +18 46.5 53.5 +14.9 32.2 45.6 +41.7 29.4 44.2 +50.6
5 (Heavy rain, Typhoon) 823.7 840.3 +2.0 798.5 913.5 +14.4 791.8 1128.5 +42.5 752.0 1207.4 +60.6
6 (Heavy rain) 248.1 253.3 +2.1 264.4 302.9 +14.6 221.0 312.8 +41.6 222.0 358.9 +61.7
7 (Typhoon) 171.0 174.8 +22 185.9 2124 +14.3 191.9 274.1 +42.9 209.6 350.4 +67.2
8 (Heavy rain, Typhoon) 136.0 139.7 +2.7 92.9 108.0 +16.3 74.8 108.5 +45.0 87.1 144.2 +65.5
9 (Heavy rain) 209.6 213.7 +19 233.6 267.2 +14.4 238.0 340.0 +42.8 255.8 426.1 +66.6
10 (Heavy rain) 171.3 1745 +19 195.7 223.8 +14.4 1785 254.8 +42.7 188.7 311.5 +65.1
11 (Heavy rain) 296.3 302.2 +20 273.2 312.3 +14.3 246.6 351.3 +42.4 249.1 404.8 +62.5
Average 235.4 240.2 +20 233.2 266.9 +14.5 224.0 319.5 +42.6 223.6 363.9 +62.7

B: Before, A: After, R: Rate of Change
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Fig, 2 Rainfall distribution after applying lapse rate for the 4 selected events
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Fig, 3 Rainfall before and after applying lapse rate for the
4 selected events
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Fig, 4 Rainfall based on 19 WUM (Water Resources Unit
Map) before and after applying lapse rate using IDW

method
E 3000
E Thiessen (Before) OAverage
= 200
3
€ 2000
o
2w gl R R RREER, }
£
%1000
L)
Qsan
[ 0
g © g E 2 E D s E 3 %g § 2
P i i fifiifEiianee
§ ¢ 85 9 2 ¢ 2 S § § S 6 5§ S5 2 §%
S gEE:of::gss§fPofEizoEret
£ 3 E s @ s £ § 2 ¢ EZ 33 § 3
£ 8 §8° 8 o £ c 3 2 & § s8 58 ¢ Ta
$- 2 g 3 & S g 2@ oe =
8 2 G . 2 £
5 Basin e
(a) Before
= 2500
E Thiessen (After) OAverage
= 2000 qL (L (L
I}
E 1s00 q b CT). ,L 1
: LT T [ 97 b
£ 1000
G
a
& 500 o
£
Z o
> £ £ £ s E S 9 S £ P .
5: 8 F S FEFIEffirnifie
S 3 e 3
55§ E 5 g8 8 § f 2 SSfsELe:
£E 2 i@ § 2§ 2 ¢€¢ -HE
£° g 2 5§ 5 §s8 68¢7°
s & ° 2 * g
5 Basin & *
(b) After

Fig, 5 Rainfall based on 19 WUM (Water Resources Unit
Map) before and after applying lapse rate using
Thiessen method
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Table 3 Comparison of IDW and Thiessen rainfall (2000~
2010) before and after applying lapse rate

11

IDW Thiessen
Year | Before After Rate of | Before After Rate of
(mm) (mm) |Change (%)| (mm) (mm) |Change (%)
2000 | 1199.0 | 1384.9 +155 | 114569 | 1254.8 +95
2001 975.5 | 11234 +15.2 986.7 | 1081.7 +9.6
2002 | 13789 | 15834 +14.8 | 13442 | 14634 +89
2003 | 18324 | 20494 +11.8 | 18045 | 19324 +7.1
2004 | 14714 | 16315 +10.9 | 14498 | 15519 +7.0
2005 | 14545 | 1629.6 +120 | 14759 | 1574.3 +6.7
2006 | 1567.8 | 1753.0 +11.8 | 1559.6 | 1673.7 +7.3
2007 | 14765 | 1662.9 +12.6 | 1469.2 | 1575.0 +72
2008 | 11618 | 1282.3 +104 | 12289 | 1316.2 +7.1
2009 | 13585 | 15164 +11.6 | 1403.7 | 1499.7 +6.8
2010 | 14503 | 1590.5 +9.7 | 15274 | 16284 +6.6
Average| 1393.3 | 1564.3 +124 | 13996 | 1504.7 +76

(F27AR), ThiessenHE —5.7 % GHslF) ~ +15.9 %
(P ARe S-S Bt ANy os fo7keafo] A
2 445 7Nk, R 7}1% Aashs Aol = A
S ¢ 0l 1 E A 5 Aok HE e Ao
=
=

T
ox

ol

>~

Ha 7§1Jr IDWHI 35. 7 % (A7) ~68.5 % (FoHA),
Thiessen®#2 27.6 % (3PdslT) ~56.1 % (YYEZ 110
ofgt %%k*é% Eowb okttt

Table 3& 2000958 20109714 U74$EA 2SS
2, IDWE} Thiessenf o2 NEaI} THAEE AR5l 1
Zolg Hlugelst Aolrt. Lapse rateg 48 $71 28 A
H|glo] [DWHL 7-Ak=of H|gl 9.7~ 15.5 %, Thlessentﬁ%
6.6~9.6 %9 S7FeS Btk Aol 7FAIE F= DWH
o| ThiessenHol B3] Lapse rate]] &3t Z7}80| ¢ & 33k

& WOl Qlrh

e

v. 2 E

—
B AT 37409 (26,018km?) W] 1087 AFE7AEA
(AWS)9] 114 (2000~ 2010)7F] &73-¢- A=} 2004 ~ 2009

dol 1174e] 59 4

ol olat fropgoa

SAMES dio 2, IDW ¥ Thiessen
APYA] 18] GRS EAskGIh
117] 749/ e s 1w uest 49 DW o357
ZFOEES 0~400 m TN + 2.0 %, 400 m~800 m ¢
oA +14.5 %, 800 m~ 1200 m ZHlA +42.6 %, 1200 m
~ 1600 m 7tollA +62.7 %2 WIS 2ok
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