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Analysis of long-term water level change of Dongrae hot spring using time series methods. Journal of
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ABSTRACT: Dongrae hot spring belongs to the residual magma type and has a long history of bathing since the
Silla dynasty in Korea. Due to long development of hot spring water, it is expected that the amount of hot spring
water in Dongrae hot spring has been changed. In this study, long-trem water level data of Dongrae hot spring were
examined for recognizing the change of the hot spring. By the fluctuation analysis of the hot spring water level
from January 1992 to July 2018, the maximum and minimum annual drawdowns of no. 27 well were 137.70 and
71.60 meters, respectively, with an average drawdown of 103.39 m. On the other hand, the maximum and minimum
annual drawdowns of no. 29 well were 137.80 and 71.70 meters, with an average drawdown of 103.49 m. Besides,
drawdown rate became bigger in recent years. As a result of analyzing autocorrelation of the two wells, the
correlation coefficient ranged from 0.919 to 0.991, showing seasonal groundwater level fluctuation. The cross
correlation analysis between water level and precipitation as well as water level and hot spring discharge resulted
in the correlation coefficients of -0.280 ~ 0.256 and 0.428 ~ 0.553, respectively. Therefore, using Dongnae
hot-spring water level data from 1992 to 2018, the Mann-Kendall test and Sen‘s test showed that the continuous
decline of water level was mainly caused by the pumping of the hot spring water among various reasons.

Key words: Dongrae hot spring, pumping amount of geothermal water, long-term water level change, time series
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al.,, 2009). SHE 2= 23 0] B39 =9

= - BN - BT - 018 - OfFE - 29l

sjo} o WSk 0 2ol A 7oEhE el By
AH(Yum and Kim, 1999), 227 9] st 4
A7FeIzrel B4 A A+ 5ol th(eong and
Lee, 2007). Cheong et al. (2015)-2 2 Ed 2] 2|3}
& 5293 SYens] WS Aol meYos
|43 Lee et al. (2007)= 53 A4 AE
BE 591925t/ 5r) ) A peteta] wylo = gt
74 A d dieFoll A e a2 234=9] ARl osh
A A3FH L) $HE, Sung et al. (2001)2 FARA S
o] A g4=2] 71 & Zs}of| thsA A+ Uk
Han et al. (1999)2 A9 4 B4 825
ol gste] X E 439 2=} Zlo|E A3t Bt
ULt

Mann-Kendall (MK) A7 (Mann, 1945; Kendall,
1975; Gilbert, 1987), Sen (1968)2] 74, 224 MK
A7 (Hamed and Rao, 1998) 5= &714 ] A5k
9 Ex £H49) Mg ARy BAjo) olgHr),
Yue et al. (2002), Yue and Wang (2002) AJAE
ol AQATA0l AT A AFHE AAL
o] A oI RE 73t v} Qlrk. Oh et al. (2005)
JHd2 7M1= Alske9] AA|E A=) B3

3}3.0m, Oh et al. (2006)= 25 AJA| A 2}5
e w40 B3t o8 WHES Blwet vt

t}. k3, Song et al. (2013)2 AF= A|3F=919]
AR A2 E o431 WE S4E sl
Choi and Lee (2009)= AIF= XY Aok ST
ARG olgelo] B W HlEs WEAY HAL
A8} T, Kim ef al. (2013)2 Y57 5122 ]

s TxEo] A4 A, o $x

o~ 18
¢

%

30 1o flo rir o
o,
oot

ok
e

lo

g
4% A|3k4:919] A
AY B4 A7 ol olrk. AL 299] 4]
2Rl A D 9 8 E40) Bt A7 Al gl

RAbgeiA o] adets AL 1) 45
nhnkg edo=A o] 1e] £ FolME
AR R A e A B edolH,
O TR LA AFLOZ A L&Y U
Wsi7} oAFEIR Qle. £ 14-910] WSl A H9
Wol} 2x84 mEly Som BAY 4 glo
U, Selede] 44 o F% L34 Ao
Qlete] Hz0] L34 A|2glo] WskEo] 54 Bl
o) @ 1 go] ofelgol gk wetd, £ Aol
A= 1992 195 20189 797H4) £849] A
29 A BAE Falol, o] 47149l

i of



-

A weg olgs

oH —

spetsha, mjehe] £14:9)

2.1 AKX A

LA T 9= AE 129° 04'32" ~129°
0510", )%= 35° 13'05" ~35° 13'32" 24 FARTHA|
Folel A5 Glek e 2BY FHolE 24
oA BT A= FAA B A 9
= FAHEHE 801 m)o] HEoIA A2 Wof 3]
oF AL FHAY BEZoA W] TU
LA GEROR TP £ FFATHY
1). S 2L AW SRR wep]
ol ATST S ST, BIA BYLT, HUF, A4
7] 22208 4= o] QItk(Son ef al,, 1978). G-
F7S SRV AUARI Y Sotom
TAE, oSS VAT BTN BAAFE W72
R HBUL SFASY, A Y, Tem
sp3ero 2 T Ee BeHF7} ol S-S Byt 9)

129° 03" 27.64°E

35° 12" 39.85"N

S

X

—

at

22lol Fp|Hl wst

o i N R

M 531

ML

o], JAPRE A47] $HF 02 w0 glr). 1)
AF2} $H S Apooi B o] ZAFc)
FARFA] ARG O] St 2]slge
ool ojahd, LA TR ol & 34740 LHT
(Ol 83)7HE F AMEEL 23740, Ul B 11
Ad)o] BESIIL loni(d 2), FEH] 2WF
(el 49E) HEAHUHE 1). S
Ae] £3F9] AHAEE 120 m ~ 280 me] 1
$lol, % o]-88]7k%-2 3,013.2 m’/ day ot}

22 A R7INBY DA
A7) 9 EATEA L 20 ol Ze7t Bl

3 bg B4 A Eakao)] tEe], Se) x| W atel 4

o9 g3k w0 2 o2& lch(Ha et al., 2006).

221 A7V

A7 | AL A7 EE 7R o2 d4E A9
TSR = 7] EA5kE AHBAE Dok, 2714
T B4 (autocorrelation analysis)= A|A|E A= 9]
AT 719 s Hud o e WL g, A

35% 14" 04.11°N

L
h

&
&
=]
=]
7]
=]
N

=]
&
-

Fig. 1. Dongrae hot spring area in Busan city (Google Earth, 2017).
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Fig. 2. Hot spring Wells in Dongrae hot spring district in 2009 (Google Earth, 2009).



Table 1. Wells in Dongrae hot spring district.
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VXSH Location Owner (gle.?ﬁ) D(Tg;h (13111?1') HP p?liﬁ);h(r(f) zf;;?lg;;g
1 135-26 19460  211.60 250 150
2 Busan City 131.87 14887 250 30 126 200
3 usan L1 -103.00 12000 150 50
5 95-10 (Yantang Jang) 18528 20228 200 30 144 200
6 -183.00  200.00 250 50
7 9523 Cheonil Tang 219200 210.00 200 30 140 56
8 14223 . -183.00  210.00 200
9 124-24 Hyundai Tang 183.00 21000 200 30 170 250
10 14222 . 99.00 115.00 150 10
11 142221 Nongshim Hotel 9900 11500 150 10 10
12 135-4 Moonhwa Tang -89.00 107.00 150 5 20
13 96-19 Joongang Yeogwan -191.00 210.00 200 10 150 30
14 140-41 Ongcheon Yeogwan -191.00  210.00 200 10 56
15 140-42 Bulro Yeogwan 21175 23075 200 10 150 150
16 14220 2192.00  210.00 200 10
17 142-19 Cheonil Tang -192.00  210.00 200 30 150 296
18 142-18 2192.00  210.00 200 30 143
19  96-29 2191.00  210.00 200 20 156
20 96-30 Geumcheon Tang -191.00  210.00 200 20 156 138
21 95-40 -191.00  210.00 200 20 178
22 9524 Mansu Tang 153.62  171.62 200 20 155 150
23 140-40 -192.00  210.00 200 5 100
24 9626 Nokcheon Hotel 193.00  210.00 200 15 175
25 9627 Nokcheon Hotel 193.00  210.00 200 10 150 150
26 96-14 Nokcheon Tangl 193.00  210.00 200 40 145
27 96-28 Nokcheon Tang 193.00  210.00 200 40 150 460
28 9621 Nokcheon Hotel 193.00  210.00 200 40 145
29 9620 Nokcheon Tang 193.00  210.00 200 40 145
30 98-9 Jeil Tang 91.00 110.00 125 5 40
31 66-3 20400 22000 150 15 150
32 77-69 . 15166 167.66 150 15 150
33 662 Nongshim Hotel 21400 23000 200 30 180 770
34 77-66 264.00  280.00 200 30 138
35 73-4  Honcheon Hanjeungmak -193.00  230.00 200 3 110 26
/\J-y(k):a”’(%xwk) 23 AAIY HI2TH AHSM EA

1y ) 2.3.1 Mann-Kendall 3%

= — E [(Tf 7/I’_r)7(yf+1\‘ 7”}/)]

ni=1

A7VA, 1%} ol 242F NAGAR x0) BRT B
AL R o) Ba £2H

B, 1,9} 0y 242}
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A

Zpo] 3L, Juy(k) = AA BAFRE 19} 2] F-2Akol T

2xi%9le] Azl TE HRAL B4 Sl
o] Mann-Kendall (MK) (Mann, 1945)3} Sen (Sen,
1968) 9] & 283t MK 2 AJAE 2}
29 A4S Aol e Qo) vlm Bl
o2 47 5 AR Frge] el
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sign (1, —xz,) 4)

o] 7] A, WkeF x-xi > 0 sign (xj-x) = 1 0] 3L, x-x¢ = 0
o™ sign (xj-xx) = 0 ©] L, xj-xx < 0 O] sign (xj-xx)
= -1 o|th. n2 FERRE| T, v, 1= Z2E A 7Y,

ko] AL= & WERdTh
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199990l = 1 Bt} 20 m A= o 3174510 19984 =
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2 Ao SH2H AU 34709 2HF Foll
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Table 2. Water level fluctuation of no. 27 well from Jan. 1992 until Jul. 2018.
Mean Max. Min. Median Kurtosis Skew. Std. dev.
1992 -69.2 -79.7 -54.6 -70.7 -0.80 -0.51 5.85
1993 -75.9 -86.1 -67.1 -76.4 -1.04 0.00 4.35
1994 -79.1 -90.3 -67.4 -80.6 -1.18 -0.31 6.07
1995 -78.8 -94 .4 -68.1 -79.4 -1.15 -0.03 6.07
1996 -81.4 91.5 -72.0 -81.6 -1.19 -0.08 498
1997 -81.7 -954 -70.5 -80.3 -1.36 0.13 6.92
1998 -77.1 -89.6 -66.4 -76.3 -1.36 0.13 6.37
1999 -76.5 -92.0 -67.5 -76.0 -1.22 0.16 5.77
2000 -79.0 953 -70.0 -79.3 -1.18 0.16 5.68
2001 -80.7 -93.0 -70.0 -80.3 -1.25 0.05 5.88
2002 -80.0 -954 -73.0 -78.1 -1.25 0.37 5.51
2003 -77.0 -84.0 -69.0 =773 -1.17 -0.34 4.37
2004 -75.0 -83.0 -68.6 -75.0 -1.54 0.18 4.50
2005 -73.1 -86.5 -63.2 -71.5 -1.55 0.11 6.64
2006 -75.1 -83.5 -69.0 -76.0 -1.33 -0.14 3.93
2007 -83.7 -95.1 -76.0 -83.6 -0.79 0.22 3.76
2008 -90.2 -105.1 -81.0 -91.1 -1.40 -0.03 6.73
2009 -98.1 -117.4 -87.7 -97.1 -0.88 0.42 7.06
2010 -98.9 -115.1 -86.4 -99.6 -1.30 -0.13 6.69
2011 -98.6 -116.1 -87.7 -97.5 -1.30 0.29 7.31
2012 -99.6 -109.0 -91.1 -100.1 -1.18 -0.08 4.81
2013 -102.7 -120.0 -92.4 -103.0 -1.19 -0.02 5.72
2014 -105.7 -115.1 -98.0 -106.0 -1.05 -0.09 4.19
2015 -107.0 -120.7 -98.5 -105.6 -1.24 0.36 5.85
2016 -100.4 -120.0 -89.0 -99.2 -1.36 0.28 8.61
2017 -92.5 -107.1 -82.5 -92.6 -0.86 0.23 5.53
2018 -954 -103.2 -88.2 -95.2 -0.03 0.23 2.62
Sum -86.4 -120.7 -54.6 -80.6 -1.19 0.11 5.77
Ay WNWWMW\/W
LI AL AR IE S : ¥ o Sk 5 TE ‘AWA/W
MVJW WWWVVW\/W NW

Fig. 3. Water level variation of nos. 27 and 29 wells of Nokcheon Tang.
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Table 3. Water level fluctuation of no. 29 well from Jan. 1992 until Jul. 2018.

Mean Max. Min. Median Kurtosis Skew. Std. dev.
1992 -69.4 -79.8 -54.7 -70.9 -0.83 -0.50 5.91
1993 -76.1 -86.2 -67.2 -76.5 -1.05 0.00 4.34
1994 -79.3 -90.4 -67.5 -80.7 -1.17 -0.32 6.03
1995 -78.9 -94.5 -63.5 -79.5 -1.11 -0.04 6.11
1996 -81.5 -91.6 -72.1 -81.6 -1.18 -0.08 4.97
1997 -81.8 -95.5 -70.6 -80.5 -1.35 0.13 6.89
1998 -77.2 -89.7 -68.1 -76.4 -1.36 0.14 6.34
1999 -76.6 -92.1 -64.4 -76.1 -1.20 0.15 5.80
2000 -79.1 -95.4 -70.1 -79.4 -1.18 0.15 5.67
2001 -80.8 -93.1 -70.1 -80.4 -1.24 0.05 5.87
2002 -80.0 -95.5 -73.1 -78.2 -1.25 0.38 5.51
2003 -77.1 -84.1 -69.1 -77.4 -1.17 -0.34 4.36
2004 -75.1 -83.1 -68.7 -75.1 -1.54 0.18 4.50
2005 -73.2 -86.6 -63.3 -71.4 -1.55 0.11 6.64
2006 -75.2 -83.6 -69.1 -76.1 -1.33 -0.14 3.93
2007 -83.7 -93.4 -78.1 -83.7 -1.08 0.13 3.67
2008 -90.3 -105.2 -81.1 91.1 -1.39 -0.02 6.70
2009 -98.2 -118.1 -87.6 -97.1 -0.87 0.44 7.12
2010 -99.0 -110.1 -87.3 -99.7 -1.37 -0.16 6.63
2011 -98.7 -116.6 -87.8 -97.6 -1.29 0.29 7.28
2012 -99.8 -115.1 -91.2 -100.2 -0.99 0.02 4.89
2013 -102.8 -113.8 -92.5 -103.1 -1.35 -0.08 5.66
2014 -105.8 -115.2 -98.1 -106.1 -1.05 -0.10 4.20
2015 -107.1 -120.8 -98.6 -105.5 -1.22 0.37 5.85
2016 -100.5 -120.1 -89.1 -99.3 -1.35 0.29 8.61
2017 -93.0 -108.1 -82.6 -93.1 -0.82 0.23 5.63
2018 -95.5 -103.3 -85.3 -95.4 0.30 0.08 2.70
Sum -86.5 -120.8 -54.7 -80.7 -1.15 0.05 5.62
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Table 4. ACF of water levels in the morning and afternoon of nos. 27 and 29 wells.

No. 27 AM. No. 27 PM. No. 29 AM. No. 29 PM.

Lag ACF Std. error ACF Std. error ACF Std. error ACF Std. error
1 991 .010 976 .010 .985 010 950 .010
2 986 .010 963 .010 979 010 932 .010
3 982 .010 956 .010 976 010 926 .010
4 981 .010 955 .010 975 .010 925 .010
5 983 .010 .960 010 977 010 929 .010
6 986 .010 970 .010 .980 010 940 .010
7 989 .010 .984 .010 .983 010 954 .010
8 985 .010 .968 .010 979 010 938 .010
9 .980 .010 957 .010 973 010 927 .010
10 977 .010 .949 .010 970 010 920 .010
11 976 .010 .948 .010 .969 010 919 .010
12 977 .010 954 .010 971 010 924 .010
13 .980 .010 963 .010 974 010 933 .010
14 982 .010 976 .010 976 010 946 .010
15 978 .010 .960 .010 971 010 931 .010
16 972 .010 .949 .010 .966 010 919 .010

O costicr -

27 AM
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10 e et 0 Lol NN

29 AM. 29 PM
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Fig. 4. Auto correlation results of water levels in the morning and afternoon of no. 27 and no. 29 wells.
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Table 5. Rainfall data of Busan area by Korea Meteorological Administration.
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Jan. Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec Total
1992 26.0 589 894 2174 1399 500 992 3613 1743 27.6 21.8 43.1 13089
1993 43.1 849 739 393 1612 160.6 2524 6303 448 48.6 573 18.9 16153
1994 42,0 444 315 1235 2589 864 1349 345 604 90.7 463 64 9599
1995 358 17.1 88.0 124.0 141.6 137.4 2545 1079 53.1 413 5.0 0.0 1005.7
1996  33.8 6.9 171.1 1159 46.8 327.1 2848 1404 267 423 654 284 1289.6
1997 93 181 57.8 93.8 289.4 286.1 2163 2351 354 0.4 2664 90.0 1598.1
1998 79.7 919 82.7 259.7 152.8 447.0 223.6 3358 2003 1363 16.5 2.5 2028.8
1999 429 356 159.7 802 187.6 2782 556.7 5829 3202 130.5 222 0.0 2396.7
2000 259 0.0 48.1 654 72.0 93.7 3374 3252 1635 424 722 2.7 1248.5
2001 604 533 6.1 424 578 2749 2715 1447 744 1442 129 287 11713
2002 84.8 123 117.1 384.8 122.6 76.0 304.6 6963 989 96.8 11.2 79.8 20852
2003 233 516 775 2320 418.5 355.0 657.7 278.0 160.3 25 575 144 23283
2004 14 775 481 2150 210.6 189.1 91.7 249.0 2312 148 32.0 26.1 1386.5
2005 157 36.8 1424 1189 168.0 145.0 3144 210.8 1765 21.5 309 3.0 1383.9
2006 244 363 247 1663 257.6 1754 591.7 68.0 1328 13.1 30.5 7.5 15283
2007 46 115 755 655 1166 945 301.5 128.1 2102 119.0 0.0 46.0 1276.5
2008 357 19.1 737 80.5 191.3 186.5 107.1 3685 222 522 220 9.5 11683
2009 17.0 79.0 727 955 1734 1879 886.1 848 200 744 69.0 13.1 17729
2010 37.6 91.1 1329 1463 186.8 944 2919 1653 1825 72.6 2.0 38.5 14419
2011 0.0 709 312 100.0 170.0 2432 418.1 110.0 56.8 142.5 128.7 7.2 1478.6
2012 195 22,1 1739 213.8 36.1 97.8 502.0 169.4 356.0 146.5 83.5 162.7 1983.3
2013 225 46.6 937 1362 201.0 159.0 131.0 1445 302 922 61.6 126 1131.1
2014 9.6 44.1 136.7 147.8 1459 445 1693 6422 128.7 1625 405 21.3 1693.1
2015 50.7 305 76.5 268.0 183.0 69.2 176.7 132.5 1720 62.0 1241 51.6 1396.8
2016  59.5 63.7 1335 1985 108.8 1152 188.3 141.5 407.7 1824 56.6 103.8 1759.5
2017 12.0 338 357 1051 392 498 172.1 825 3350 1383 03 10.6 10144
2018 409 525 206.1 156.4 155.8 276.7 121.0 1009.4
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Fig. 6. Cross correlation analysis of the hot-spring water level vs. hot spring discharge (max ccf in red circle).
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Table 6. Cross-correlation analysis result of the water levels vs. rainfall.

No. 27 AM. No. 27 PM. No. 29 AM. No. 29 PM.
Lag cor(li;?astsion e corcré?:tsion Std. error cor(rjg?astsion R cor(;;?astsion e

-12 -0.114 0.106 -0.126 0.106 -0.114 0.106 -.088 0.106
-11 -0.184 0.105 -0.208 0.105 -0.194 0.105 -0.173 0.105
-10 -0.171 0.105 -0.156 0.105 -0.150 0.105 -0.131 0.105
-9 -0.192 0.104 -0.139 0.104 -0.114 0.104 -0.047 0.104
-8 -0.105 0.104 -0.044 0.104 -0.043 0.104 0.004 0.104
-7 0.000 0.103 -0.015 0.103 -0.035 0.103 -0.054 0.103
-6 0.180 0.103 0.105 0.103 0.093 0.103 0.054 0.103
-5 0.087 0.102 0.179 0.102 0.166 0.102 0.191 0.102
-4 0.192 0.102 0.125 0.102 0.115 0.102 0.047 0.102
-3 0.274 0.101 0.262 0.101 0.237 0.101 0.189 0.101
-2 0.134 0.101 0.112 0.101 0.118 0.101 0.095 0.101
-1 0.067 0.100 0.044 0.100 0.038 0.100 0.012 0.100
0 -0.098 0.100 -0.088 0.100 -0.085 0.100 -0.068 0.100
1 -0.359 0.100 -0.353 0.100 -0.310 0.100 -0.260 0.100
2 -0.164 0.101 -0.171 0.101 -0.152 0.101 -0.127 0.101
3 -0.187 0.101 -0.102 0.101 -0.061 0.101 -0.002 0.101
4 -0.074 0.102 -0.129 0.102 -0.158 0.102 -0.158 0.102
5 0.041 0.102 0.086 0.102 0.076 0.102 0.089 0.102
6 0.128 0.103 0.133 0.103 0.120 0.103 0.108 0.103
7 0.104 0.103 0.067 0.103 0.039 0.103 0.005 0.103
8 0.205 0.104 0.220 0.104 0.231 0.104 0.204 0.104
9 0.180 0.104 0.096 0.104 0.069 0.104 0.002 0.104
10 0.098 0.105 0.105 0.105 0.103 0.105 0.090 0.105
11 -0.023 0.105 0.035 0.105 0.067 0.105 0.099 0.105
12 -0.077 0.106 -0.112 0.106 -0.130 0.106 -0.135 0.106
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Table 7. Cross-correlation analysis result of the water levels vs. hot spring discharge.

No. 27 A.M. No. 27 PM. No. 29 A.M. No. 29 PM.
Lag Cofrre?:tsion Std.Error Cofrz:(l):tsion Std.Error Cofrfe?:tsion Std.Error Corcrrecl);tsion Std.Error
-12 0.437 0.106 0.347 0.106 0.355 0.106 0.272 0.106
-11 0.350 0.105 0.368 0.105 0.267 0.105 0.193 0.105
-10 0.243 0.105 0.212 0.105 0.170 0.105 0.176 0.105
-9 0.059 0.104 -0.014 0.104 -0.185 0.104 -0.239 0.104
-8 -0.191 0.104 -0.172 0.104 0.042 0.104 0.179 0.104
-7 -0.336 0.103 -0.319 0.103 -0.379 0.103 -0.299 0.103
-6 -0.410 0.103 -0.405 0.103 -0.349 0.103 -0.285 0.103
-5 -0.409 0.102 -0.382 0.102 -0.314 0.102 -0.264 0.102
-4 -0.235 0.102 -0.041 0.102 -0.143 0.102 -0.094 0.102
-3 -0.013 0.101 -0.126 0.101 -0.105 0.101 -0.136 0.101
-2 0.102 0.101 0.158 0.101 0.195 0.101 0.128 0.101
-1 0.381 0.100 0.340 0.100 0.396 0.100 0.330 0.100
0 0.535 0.100 0.483 0.100 0.405 0.100 0.294 0.100
1 0.400 0.100 0.376 0.100 0.367 0.100 0.302 0.100
2 0.222 0.101 0.179 0.101 0.143 0.101 0.123 0.101
3 0.069 0.101 0.027 0.101 -0.009 0.101 0.024 0.101
4 -0.295 0.102 -0.268 0.102 -0.253 0.102 -0.210 0.102
5 -0.354 0.102 -0.343 0.102 -0.342 0.102 -0.261 0.102
6 -0.407 0.103 -0.406 0.103 -0.329 0.103 -0.233 0.103
7 -0.357 0.103 -0.325 0.103 -0.239 0.103 -0.189 0.103
8 -0.178 0.104 -0.011 0.104 -0.152 0.104 -0.120 0.104
9 0.014 0.104 -0.089 0.104 -0.011 0.104 -0.038 0.104
10 0.092 0.105 0.144 0.105 0.110 0.105 0.034 0.105
11 0.298 0.105 0.261 0.105 0.362 0.105 0.318 0.105
12 0.440 0.106 0.389 0.106 0.353 0.106 0.285 0.106
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