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Analysis on Characteristics of Orographic Effect about the Rainfall Using Radar
Data: A Case Study on Chungju Dam Basin
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Abstract

This study analyzed the characteristics of orographic effect using radar data for the Chungju dam basin. First,
independent rainfall events were selected by applying the IETD (Interevent Time Definition) and rainfall
threshold. Among those independent rainfall events, rather strong events were selected to decide the occurrence
condition of orographic effect. Also, the average reflectivity was calculated for the entire period and for the period
of storm center, and the change in reflectivity was analyzed by comparing the average reflectivity to that in
the mountain area. Important rainfall factors were selected and applied to the logistic regression model to decide
the occurrence condition of orographic effect. Summarizing the results is as follows. First, evaluation of the radar
data along the passing line of a storm showed the increase of radar reflectivity in the mountain area. Second,
the result of logistic regression analysis showed that the orographic effect in the Chungju Dam Basin mostly
occurred when the rainfall intensity was higher than 4 mm/hr, the storm velocity was lower than 4 km/hr, and
the approach angle was 90°+5°.

Keywords : Orographic effect, Radar data, Chungju dam basin, Independent rainfall Events, Runoff ratio,
Logistic regression analysis
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Table 1. Number of Rainfall Events each Year

Fig. 2. Runoff Ratio of Selected Rainfall Events (a) and Their Histogram
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Rainfall events
Year Duration =6 hr, Duration =6 hr,
Total rainfall =5 mm | Total rainfall =30 mm
2002 21 2
2003 26 7
2004 21 4
2005 25 7
2006 21 4
2007 25 8
2008 17 5
2009 30 5
2010 19 3
2011 20 8
2012 16 8
2013 19 3
Total 260 64
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16 16
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Fig. 3. Box Plots of Runoff Ratio of Selected Rainfall Events

Table 2. Rainfall Events which are Assumed to Show Orographic Effect

1

of Gwanaksan Radar

0.9—.
0.8-.
0.7-.
0.6-.
0.5-.
0.4-.
0.3-.
0.2-.
0.1 -.

o@ O

8

0

1
Runoff_Ratio

(c) 0.5IQR

2

B

No Rainfall events DU(I;IIF)IOH TOtEEinl;il)l’lfaH Runoff ratio Average (Ij;l;;ljﬁil) mntensity
1 Aug, 05, 2002 84 367.9 0.82 438
2 Jul, 27, 2006 53 184.2 0.82 3.48
3 Sep, 01, 2007 27 45.1 0.59 167
4 Jul, 23, 2008 53 2037 0.64 384
5 Sep, 21, 2010 37 1046 0.94 2.83
6 Jun, 22, 2011 108 275.7 0.56 255
7 Jul, 03, 2011 18 139.4 0.52 7.74
8 Aug, 16, 2011 37 1346 0.61 3.64
9 Sep, 16, 2012 33 75.1 0.64 2.29
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Fig. 5. Change of Radar Reflectivity Fields as the Storm Center Passed the Chungju Dam Basin
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Fig. 7. Determination of Storm Passing Line over the Mountain Area

A 397 AR E AR AR RS AF 2
A WAL} 2 WEkE Ao R Holu AARoRE =
7ol Apol7h AA vEhbA] et w599 o]
of wheh Wi REEE Ao A ollA] AkA| g ol whE
S5 S vn g Ao ke shAR Fig. 89
(b)NME= T AA 7ke] v} E Zpo|7t 934 7)1kt

-
g WA=} A 717ES e F AL BEEeA S

#5484 H5%E 20154F 5J]

(b) Aug, 16, 2011

el Aok Bk AL AT 5 Yk B3 £9F

4 71N 2] FIRALE 139} 205 590] AT A7
ur Z7) Aow vehii o) 4K a ool nje) w

AME7) S718E Aow ke,

3.2 EPAMde E4I MX|olAMe] HIAE H3]

399



40 40
30 — Average Refelctivity(dBZ) 30 — Average Refelctivity(dB2)
20 20 9 4
10 10
0Stauting Ending 0S—tauting Ending
Point Point Point Point
Storm passing line 1.
40 40
30 — Average Refelctivity(dBZ) 30 — Average Refelctivity(dBZ)
20 20
10 10
Ostarting Ending Ostarting Ending
Point Point Point Point
Storm passing line 2.
40 40
30 — Average Refelctivity(dBZ) 30
20 20 — Average Refelctivity(dBZ)
10 10
0Stalting Ending 0Stalting Ending
Point Point Point Point
Storm passing line 3.
(a) Sep, 01, 2007
40 40
30 — Average Refelctivity(dBZ) 30 — Average Refelctivity(dBZ)
20 —— 20
10 10 -
0Stauting Ending 0Stauting Ending
Point Point Point Point
Storm passing line 1.
40 40
30 — Average Refelctivity(dBZ) 30 — Average Refelctivity(dBZ)
20 20
10 1wl —mm
0Starting Ending 0Starting Ending
Point Point Point Point
Storm passing line 2
40 40
30 — Average Refelctivity(dBZ) 30 — Average Refelctivity(dBZ)
20 T 20
]
10 10w —mm
OStarting Ending OStarting Ending
Point Point Point Point

2
o

A
21l
WAL

Atk T-APSER
2pA] FtolAe] HAlE S o5

Table 3ol AEl3tgt}. 35APte] EA

R

ol
AR

400

SHES T4

A BALE7E S

2 UER AT 0]% %oﬂ AA| 7\ 7v 24 7)7ke]

AABLAL AR Bzeo] wia)

Hlwste] SHE A=E sk

A7 A YERGE ’&X] ) wgE Aow
7

7} ity

ot

=t
iz
o
ki
s
e

)
o
ot
£V

o Ho
>
oz
©

T G L)
ox
[o

i)
ok

Storm passing line 3.
(b) Aug, 16, 2011

Fig. 8. Investigation of Average Radar Reflectivity along the Storm Passing Lines of the Storm Center
(left) and over the Entire Storm Period (right)

o>
O

¥ o
R T 2

M1 ool o

r
=
>

aY)
ol
ol

>
H

il
e
o
O-

N
N
LMo

Table 3& B9

At 25%7HA

SAPFRE AA) BzolA] o] )
ghol WIWAER T AL e A97F Aes T
4= St} Table 3o4 20113 8€ 16Y S-APol A=
HAVETL E AL R

J
i)

Z7hekac. o

gt 2007Lﬂ 9% 101 SOAES B A 0% HhA)

l:7]_

&

[<)

2g-< ot
A BTt s
olelg EAIE ael

BKEREEHIE



A

Angle
()
90
90
50
90
90
50
90
80
80
90
80
80

of whet 1
3]

<
Ru

S}
=

7

=

o

Moving
directions
ENE
ENE
ENE
ENE
ENE
ENE
NE
NE
NE
NE
NE
NE

T x7}t
it o] w

o

A =8 37

Rainfall

velocity

(km/hr)
9.0
9.0
9.0
9.0
9.0
9.0
9.8
9.8
9.8
9.8
9.8
9.8

[e)

S057}0,19) % g

.

[}

(logistic function)2}aL

2=
=

S}
=4

a3k

2.5
2.5
2.5
2.5
2.5
25
3.6
3.6
3.6
3.6
3.6
3.6

[

Park et al. (2009)

2]

Rainfall
intensity

(mm/hr)

g

s
[S]

X~E]
—=

Pcentage
change
(OO>
-11.0
-1.7
+3.8
-6.2
-5.8
-134
-21.3
+1.8
+3.6
-3.1
+25.0
+174

Average radar
reflectivity
(dBZ)
13.1
15.3
14.9
20.6
20.6
21.5
12.7
13.2
14.7
19.2
19.6
19.7

storm 1
storm 3

entire 1
entire 2
entire 3
center 1
center 2
center 3
entire 1
entire 2
entire 3
storm 2

4. 2X|25 3|7

Storm period
41 uild o|E

2007.09.01
2011.08.16

Table 3. Changes in the Radar Reflectivity and the Characteristic of Rainfall Events
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Table 4. Cases with Different Independent Variables for Logistic Regression Analysis

Case 1 2 3 4 5 6 7 3 9
I (mm/hr) 4 4 4 4 4 4 4 4 4
V (km/hr) 4 4 4 6 6 6 3 3 8
D (°) 90+5 90+15 90+25 90+5 90+15 90+25 90+5 90+15 90+25
Case 10 11 12 13 14 15 16 17 18
I (mm/hr) 6 6 6 6 6 6 6 6 6
V (km/hr) 6 8
D () 90+5 90+15 90+25 90+5 90+15 90+25 90+5 90+15 90+25
Case 19 20 21 22 23 24 25 26 27
I (mm/hr) 8 8 8 8 8
V (km/hr) 6 6 6 8
D (°) 90+5 90+15 90+25 90+5 90+15 90+25 90+5 90+15 90+25

Table 5. Input Data for Case 1

Rainfall | Dependent Independent variable
events variable I Vv D
1 0 0 1 1
2 1 0 1 0
3 1 0 1 0
4 0 1 1 1
5 0 1 1 1
6 0 1 1 0
7 0 1 1 0
8 0 1 1 1
9 0 1 1 1
10 1 1 1 0
11 0 1 1 0
12 1 1 1 0
13 0 1 1 0
14 0 1 1 1
15 0 1 1 0
16 1 1 1 0
17 1 1 0 1
18 1 1 0 0
19 1 1 0 0
20 1 1 1 0
21 0 1 1 0
22 1 1 1 0
23 0 0 1 1
24 0 0 1 1
25 0 0 1 0
26 1 1 1 0
27 0 1 1 0
28 0 1 1 0
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Table 6014 12 A&7 HdE E9ARES 5
(Tds= o) E7d Ae vehla, 02 A&
7 HHEA 92 SRS AR A 42 e
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HA] & AP 170 SAIEEE A 2 AeR) E7F
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Table 6. Results of the Logistic Regression Analysis

Case Result Total
1 0 accuracy rate (%)

1 5 (45.5) 16 (94.1) 75.0

2 3(27.3) 17 (100.0) 71.4

3 3(27.3) 17 (100.0) 71.4

4 5(455) 15 (88.2) 714

5 4(36.4) 15 (838.2) 67.9

6 4(36.4) 14 (82.4) 64.3

7 6 (54.5) 13 (76.5) 67.9

8 0 (0.0 17 (100.0) 60.7

9 3(27.3) 16 (94.1) 67.9

10 9 (81.8) 11 (64.7) 71.4

11 3(27.3) 17 (100.0) 71.4

12 3(27.3) 17 (100.0) 71.4

13 3(27.3) 16 (94.1) 67.9

14 4(36.4) 15 (88.2) 67.9

15 4(36.4) 15 (88.2) 67.9

16 8 (72.7) 11 (64.7) 67.9

17 4(36.4) 12 (70.6) 571

18 6 (54.5) 13 (76.5) 67.9

19 7 (63.6) 13 (76.5) 71.4

20 3(27.3) 17 (100.0) 71.4

21 3(27.3) 17 (100.0) 714

22 6 (54.5) 13 (76.5) 67.9

23 5 (45.5) 14 (82.4) 67.9

24 6 (54.5) 13 (76.5) 67.9

25 6 (54.5) 13 (76.5) 67.9

26 7 (63.6) 12 (70.6) 67.9

27 7 (63.6) 12 (70.6) 67.9

Eq. & X A, 599 o] FIF EEE 7HsAdel Ak

TEE B FEiRIA & At A AHom 23S AT F Eq. QF S8l 719 Ely)
Ak F4E w7 BE 9 ghs THE e s E AXFE = Uk 71Hgks Bl AR Eate] i of
et -4 V5 B AEA] g o £ oS8 Atk SPSSE o]&ate] Folxl Tg-AMe
AR B% et & e A & IR o5 o538 A3 Table 73 2tk %
7} 2 ol s o] 7% FEFH oA A &} H5 Ae} oS Al A 1= vEhd A
o d53] & o} e Af 599 S A ZIE IR E RS e AL 028 vERd e
o] F& =S} % | &7} el = 9% 4] 8 Ae UEbith 3 | el A= T 670
o] ZHA YE} W} 34 252 T9AL o] 97} A5 BHE Aoz yehytt} o]= Table 6°1
ol AR Z 3L AULE 559 o] FEHE vehd Adtel sdateh A Eake= 719gk Ely) 7F 05
+ 4knvhrE ol A% R I el e g ojiold WdE How 05K} ztom e EA] ok
W 7hsgol e 00E VeeR Aoz el Qlek 719Ek EBly) = Ea. (19 242
skl 3971 AkA] o H|7A xl8)ek wf 414 SR A 23S Bg. QF o]835te] 2 H gholth
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Table 7. Classification Results of Occurrence of the Orographic Effect Derived by Applying the Logistic

Regression Analysis

Rainfall events z E(y) Predicted Gizzaned Residual Rlesiairel
results results (2)

1 -20.37 0.00 0 0 0.00 0.00

2 0.69 0.67 1 1 0.33 0.71

3 0.69 0.67 1 1 0.33 0.71

4 -21.35 0.00 0 0 0.00 0.00

5 -21.35 0.00 0 0 0.00 0.00

6 -0.29 0.43 0 0 -0.43 -0.87

7 -0.29 0.43 0 0 -0.43 -0.87

8 -21.35 0.00 0 0 0.00 0.00

9 -21.35 0.00 0 0 0.00 0.00

10 -0.29 0.43 0 1 0.57 1.16

11 -0.29 0.43 0 0 -0.43 -0.87

12 -0.29 0.43 0 1 0.57 1.16

13 -0.29 0.43 0 0 -0.43 -0.87

14 -21.35 0.00 0 0 0.00 0.00

15 -0.29 0.43 0 0 -0.43 -0.87

16 -0.29 0.43 0 1 0.57 1.16

17 19.75 1.00 1 1 0.00 0.00

18 40.81 1.00 1 1 0.00 0.00

19 40.81 1.00 1 1 0.00 0.00

20 -0.29 0.43 0 1 0.57 1.16

21 -0.29 0.43 0 0 -0.43 -0.87

22 -0.29 0.43 0 1 0.57 1.16

23 -20.37 0.00 0 0 0.00 0.00

24 -20.37 0.00 0 0 0.00 0.00

25 0.69 0.67 1 0 -0.67 -1.41

26 -0.29 0.43 0 1 0.57 1.16

27 -0.29 0.43 0 0 -0.43 -0.87

28 -0.29 0.43 0 0 -0.43 -0.87
ol BT, O|BHE, WAL HYES ARE  BAS ol8ajo] A aste WA g ek B
Eq. (Ne] 2R 28 gkl diYgste] ab& 2743 Eq. FAVEE AdAskar, dlole] ARE o] &-ate] AlRtel| i
2)F &3l AT 4 itk AdA o= T]gigko] 05K HIALE W) S Thetelginh ol & &l A Fte]
=l e B9AE A EIE WRE A0E B QA 7105} 2954 10 SRkt S A
AL 71ggke] 055 A Yehd S-9AMS By = *3}"13} olge] AR EIe FFE wA Ao
A e o eiith o8 A AR BE Adsh ] FYHE A4S AGed, o 2A4Y FARAS 5
A A R o O i AV\LQ A &Jstar sdatct aato] A aFe] B 1S EMTh 1 ARE

delahd vh5a 2
54 E D) 579 799 2002958 2013974 F 12902
$7)0] SPsh 6264 987 o] AEE o) S5t
B AT F59 £o08 tPres Aol A o SUTHEE QARSI 44 SHT e
A

O

ol §3to] 9-o] AA LI B ¥ *;}Oﬂu} WA =4
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