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Abstract

Temperature increase due to climate changes causes change of water temperature in rivers which results in change of water

quality etc. and the change of river ecosystem has a great impact on human life. Analyzing the impact of current climate

changes on air and water temperature is an important thing in adapting to the climate changes. This study examined the effect
of climate changes through analyzing air temperature trend for Nakdong river basin and analyzed the elasticity of air-water
temperature to understand the effect of climate changes on water temperature. For analysis air temperature trend, collecting air

temperature data from the National Weather Service on main points in Nakdong river basin, and resampling them at the units
of year, season and month, used as data for air temperature trend analysis. Analyzing for elasticity of air-water temperature, the
data were collected by the Water Environment Information system for water temperature, while air temperature data were

collected at the National Weather Service point nearest in the water temperature point. And using the results of trend analysis
and elasticity analysis, the effect of climate changes on water temperature was examined estimating future water temperature
in 20 years and 50 years after. It is judged that analysis on mutual impact between factors such as heat budget, precipitation

and evapotranspiration on river water temperature affected by climate changes and river water temperature is necessary.
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Fig. 1. Air and Water temperature observatory.
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2.3.1.1. T test for Detecting Linear Trends
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Fig. 2. Yearly air temperature and trend line.
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Table 1. Result of air-temperature trend analysis in year, season and month

Point Year ' Season . Month

Spring | Summer Fall Winter 1 2 3 4 5 6 7 8 9 10 | 11 | 12

Andong 1 1 4 3 1 2 2 2 4 4 4 4 4 4 3 4 4
Pohang 1 1 1 1 1 1 1 1 1 1 1 3 4 1 1 3 3
Daegu 1 1 1 1 1 1 1 1 1 1 1 4 3 1 1 1 1
Ulsan 1 1 1 1 1 1 1 1 1 1 1 3 4 1 1 3 1
Busan 1 1 1 1 1 1 1 1 1 1 1 3 2 1 1 1 1
Tongyoung 1 1 3 1 1 2 2 1 2 4 2 4 4 2 2 3 3

Note) 1: Significance level is above 99%, 2: Significance level is 99~95%, 3: Significance level is 95~90%, 4: Significance level is below 90%.

(a) Year

(d) Fall

X Andon

QO Daegu

Pohang Pohang

Ulsan

(e) Winter
Fig. 3. Result of air-temperature trend analysis in year and season (Trend presence: O, Trend absence: X).
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Table 2. Result of air-temperature Sen-test Slope analysis in year, season and month

Point Year - Season -
Spring Summer Fall Winter
Andong 0.038 0.042 0.000 0.033 0.072
Pohang 0.030 0.040 0.020 0.029 0.033
Daegu 0.024 0.033 0.010 0.022 0.031
Ulsan 0.027 0.038 0.020 0.022 0.030
Busan 0.016 0.021 0.009 0.015 0.019
Tongyoung 0.029 0.030 0.015 0.029 0.042
Ave 0.027 0.034 0.012 0.025 0.038
S.D. 0.007 0.008 0.008 0.007 0.018
SK. -0.201 -0.939 -0.671 -0.444 1.589
Point Month
1 2 3 4 5 6 7 8 9 10 11 12
Andong 0.088 0.094 0.073 0.04 0.025 0.017 0.025 -0.043 0.017 0.05 0.031 0.022
Pohang 0.041 0.033 0.043 0.05 0.022 0.033 0.023 0.009 0.022 0.034 0.02 0.025
Daegu 0.033 0.033 0.037 0.033 0.029 0.016 0.007 0.007 0.016 0.024 0.023 0.03
Ulsan 0.032 0.033 0.043 0.042 0.028 0.032 0.019 0.007 0.018 0.031 0.016 0.032
Busan 0.015 0.023 0.023 0.02 0.019 0.012 0.006 0.007 0.01 0.017 0.017 0.018
Tongyoung 0.042 0.058 0.053 0.025 0.009 0.018 0.009 0.01 0.026 0.034 0.027 0.037
Mean 0.042 0.046 0.045 0.035 0.022 0.021 0.015 -0.001 0.018 0.032 0.022 0.027
S.D. 0.025 0.026 0.017 0.011 0.007 0.009 0.008 0.021 0.005 0.011 0.006 0.007
SK. 1.560 1.583 0.631 -0.115 -1.225 0.733 0.147 -2.429 -0.036 0.559 0.500 0.041
X Andon
Pohang
Ulsan
Busan

(b) Spring
A Andon
ADaegu Pohang
UIsan
Tongy Busan
(d) Fall

ADaegu

(e) Winter

Fig. 4. Result of air-temperature sen-test slope analysis in year and season

(Upward trend: A, Downward trend: ¥, No trend: X).
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1482, A2 FAUFolA 04952 EAFHATH Zhel tigt 2 F719 SHE7 dFE 10149 #s B
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Table 3. Result of air-water temperature elasticity analysis

Point Year - Season -
Spring Summer Fall Winter
Andongl 0.015 -0.769 1.501 0.364 0.001
Andong2 -0.119 -0.143 0.908 0.069 -0.119
Micheon 0.436 0.264 0.676 0.400 -0.080
Yecheon 0.396 0.027 -0.114 0.337 -0.013
Upper reach Sangju2 0.391 2.521 0.060 -1.824 -0.090
Sangju3 0.412 -0.329 -0.593 0.590 -0.053
Sangok 0.715 0.654 1.362 -0.641 -0.113
Gumi -0.250 0.644 0.407 0.623 0.158
Mean 0.249 0.359 0.526 -0.010 -0.039
Waegwan 1.051 1.082 0.772 -0.451 0.004
Sungju 0.636 1.652 1.662 -0.033 0.227
Dalsung 0.738 0.495 0.540 0.673 0.124
Middle reach Hwawonnaru 1.368 0.315 1.148 0.148 -0.495
Nakdong changnyung 0.905 1.613 1.456 0.110 0.120
Hapcheon 1.105 0.812 2.163 0.301 0.280
Mean 0.967 0.995 1.290 0.125 0.043
Namji 0.308 1.381 1.548 0.872 0.226
Mulkum 0.784 0.577 1.085 0.669 0.233
Lower reach Kumgok 0.654 1.378 1.424 0.930 0.416
Kupo 0.696 0.666 0.884 0.992 0.348
Mean 0.611 1.001 1.235 0.866 0.306
Seonakdong] 1.478 1.885 0.191 1.575 1.482
S“Ijiit‘:"“g Seonakdong2 1.007 1.450 -0.188 1.977 1.459
Mean 1.242 1.667 0.001 1.776 1.471
Mean 0.636 0.809 0.845 0.384 0.206
S.D. 0.456 0.816 0.721 0.800 0.479
S.K. -0.131 0.103 -0.275 -0.715 1.897
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Fig. 5. Spatial distribution of air-water temperature elasticity in Nakdong river basin.
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Table 4. Prediction of future air temperature (°C) and variation (%)
Year Season
Point Spring Summer Fall Winter
2028 2058 2028 2058 2028 2058 2028 2058 2028 2058
Andong] 11.6 124 11.5 12.5 23.0 23.4 12.6 134 -0.6 0.5
(4.9%) | (122%) | (6.3%) | (157%) | (1.1%) | (2.6%) | (4.1%) | (103%) | (552%) | (137.9%)
Andong? 11.6 124 115 12,5 23.0 23.4 12.6 134 -0.6 0.5
(4.9%) | (122%) | (6.3%) | (157%) | (1.1%) | (2.6%) | (4.1%) | (103%) | (55.2%) | (137.9%)
Micheon 122 13.0 12.0 13.1 235 239 132 14.0 -0.1 1.0
(4.6%) | (11.6%) | (6.0%) | (15.0%) | (1.0%) | (2.6%) | (3.9%) | (9.8%) | (853%) | (213.3%)
Vecheon 12.2 13.0 12.2 13.2 234 23.8 13.3 14.0 0.1 13
Upper (4.6%) | (11.5%) | (5.9%) | (148%) | (1.0%) | (2.6%) | (3.9%) | (9.8%) | (118.4%) | (296.1%)
reach Sangju2 12.5 133 12.4 134 23.6 24.0 13.4 142 0.4 1.6
(4.5%) | (113%) | (5.8%) | (145%) | (1.0%) | (2.6%) | (3.9%) | (9.7%) | (235.5%) | (588.6%)
Sangiud 12,5 13.3 12.4 134 237 24.0 13.5 14.3 04 1.6
(45%) | (113%) | (5.8%) | (14.5%) | (1.0%) | (2.6%) | (3.8%) | (9.6%) | (237.1%) | (592.7%)
Sangok 12.5 13.3 12.4 13.5 237 24.0 13.6 143 04 1.5
(45%) | (113%) | (5.8%) | (14.5%) | (1.0%) | (2.6%) | (3.8%) | (9.6%) | (201.2%) | (502.9%)
Gumi 13.5 14.3 134 144 242 24.6 14.6 154 1.8 2.9
(42%) | (104%) | (54%) | (134%) | (1.0%) | (2.5%) | (3.5%) | (88%) | (73.2%) | (183.1%)
Wacgwan 13.6 144 13.6 14.6 243 24.6 14.8 15.5 1.8 2.9
(4.1%) | (103%) | (5.3%) | (132%) | (1.0%) | (2.5%) | (3.5%) | (8.8%) | (752%) | (187.9%)
Sungiu 14.1 149 14.0 15.0 247 25.1 153 16.0 24 35
(4.0%) | (10.0%) | (5.1%) | (12.8%) | (1.0%) | (2.5%) | (34%) | (8.5%) | (46.4%) | (116.0%)
Dalsung 13.9 14.8 137 14.8 24.6 25.0 15.1 15.8 23 35
Middle (4.0%) | (10.1%) | (5.2%) | (13.0%) | (1.0%) | (2.5%) | (34%) | (8.6%) | (48.0%) | (120.0%)
rach | 14.0 14.8 227 237 207 21.1 41 49 8.5 9.7
(4.0%) | (10.0%) | (.1%) | (77%) | (12%) | (2.9%) | (13.8%) | (34.5%) | (9.8%) | (24.4%)
Nakdong 14.2 15.0 13.8 14.8 247 25.0 15.5 16.2 2.7 3.9
changnyung | (4.0%) | (9.9%) | (52%) | (129%) | (1.0%) | (25%) | (33%) | (84%) | (38.3%) | (95.7%)
Hapeheon 142 15.0 13.8 14.8 247 25.0 15.5 16.2 27 39
(4.0%) | (9.9%) | (52%) | (12.9%) | (1.0%) | (2.5%) | (3.3%) | (84%) | (383%) | (95.7%)
Namii 14.4 15.2 13.7 14.8 245 249 15.9 16.7 33 45
(9%) | (9.8%) | (52%) | (13.0%) | (1.0%) | (25%) | (32%) | (8.1%) | (29.8%) | (74.5%)
Mulkum 147 15.6 13.9 14.9 242 24.6 16.6 173 44 55
Lower (3.8%) | (9.5%) | (52%) | (129%) | (1.0%) | (25%) | (3.1%) | (7.8%) | (21.2%) | (52.9%)
reach Kumgok 14.9 15.7 14.0 15.0 243 24.6 17.0 17.7 44 55
(3.8%) | (94%) | (5.1%) | (12.8%) | (1.0%) | (25%) | (3.0%) | (7.6%) | (21.0%) | (52.5%)
Kupo 14.9 15.7 14.0 15.0 243 24.7 16.9 17.7 45 5.7
3.8%) (94%) | (51%) | (12.8%) | (1.0%) | (25%) | (.0%) | (7.6%) | (203%) | (50.7%)
Seonak | Sconakdong] 14.9 15.7 14.0 15.0 243 24.6 17.0 17.7 43 5.4
dong (3.8%) | (94%) | (5.1%) | (12.8%) | (1.0%) | (25%) | (3.0%) | (7.6%) | (21.4%) | (53.5%)
diver | Seonakdong? 14.9 15.7 14.0 15.0 243 24.6 17.0 17.7 43 5.4
(3.8%) | (94%) | (5.1%) | (12.8%) | (1.0%) | (2.5%) | (3.0%) | (7.6%) | (21.4%) | (53.5%)
Mean 13.6 14.4 13.7 147 239 243 14.4 15.1 24 35
(4.1%) | (104%) | (52%) | (13.1%) | (1.0%) | (2.5%) | (3.6%) | (9.0%) | (47.0%) | (117.6%)
S.D. 12 12 23 23 0.9 0.9 2.8 2.8 23 23
SK. 0.4 0.4 34 34 2.4 2.4 25 2.5 0.8 0.8
AL, 7, A8 €22 F29 F7Heel Ao BA o] 202849 2.1%, 2058 5.3% F=°] F7HstL H4A
HAT B9 29 782 20283 4.5%, 205813 11.2% FHe AF302 20583 -1.5% ZhstE RAoR EAHQ
oW F£& F7FeY HAFL AF201H HagE a1l o 7H2L FEFog 20289 1.3%, 2058 3.3%E =7}
ok iR Al A 2028 el 9F 5~10%, 2058l 10 S MYEd2E 2058 15.0%9 & Zo2 F2o] 7t
~20% WS F7HeS eI Sl k&L, HE2, A St AoE BAMHI F2E 20589 -17.6% 2 &
32 59 IUHEE VKM Fo] fasa Utk 0] 2 F2o] ZAFAT AFFez F2o] A Flske
ALdHoR 71g A /M AeZ AFEHE J52 3 AL BF 7182 20283 4.1%, 20583 10.2%E EA]

FHOZ 2028 0.8%, 20583 2.1%=% Z7}sta A

. ASGEd1S 20281 31.8%, 2058 79.4% 7St
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Table S. Prediction of future water temperature (°C) and variation (%)

T A AR AT
27 ML AFAsel Bgs
g3t A9 e e BAZ 2ASYL 357

H 20284

20589

Season
. Year - -
Point Spring Summer Fall Winter
2028 2058 2028 2058 2028 2058 2028 2058 2028 2058
rndonel 125 125 8.1 74 17.0 174 18.2 18.6 7.0 7.0
& 0.1%) | (02%) | (-48%) | (-12.1%) | (1.6%) | @0%) | (15%) | (G8%) | (0.0%) | (0.1%)
Andong2 13.3 13.2 10.0 9.9 203 206 17.8 17.8 5.4 48
(0.6%) | (15%) | (09%) | (23%) | (1.0%) | @4%) | 03%) | (07%) | (-6.6%) | (-16.5%)
Micheon 157 16.2 13.9 142 25.4 25.6 18.5 18.9 42 3.8
Q0%) | G1%) | (1.6%) | 40%) | (07%) | (1.7%) | (1.6%) | (.9%) | (-6.8%) | (-17.0%)
Vecheon 154 15.8 13.1 13.1 241 240 18.9 19.3 47 46
Upper (18%) | (46%) | (02%) | (04%) | (01%) | (-03%) | (13%) | (33%) | (1.6%) | (-3.9%)
each [ 15.2 15.6 15.0 17.8 249 249 16.4 14.6 32 1.9
& (1.8%) | (44%) | (14.6%) | (36.5%) | (0.1%) | (02%) | (-7.1%) | (17.6%) | (-21.1%) | (-52.9%)
Sangiu3 15.2 15.6 12.6 1222 25.1 2438 18.1 18.7 34 27
& (1.9%) | (4.6%) | (1.9%) | (48%) | (0.6%) | (-15%) | 23%) | (5.7%) | (-12.5%) | (-31.2%)
Sansok 15.9 16.6 14.2 14.9 258 263 17.7 17.0 33 1.8
& (G2%) | 81%) | (3.8%) | (9.5%) | (14%) | (3.5%) | (2.5%) | (6.1%) | (-22.7%) | (-56.9%)
Gumi 15.7 154 144 152 25.4 25.6 19.2 19.8 59 6.9
10%) | (26%) | (3.5%) | (86%) | (04%) | (1.0%) | 2%) | (55%) | (115%) | (28.9%)
Wacowan 16.7 17.7 14.8 16.0 25.6 25.8 19.2 18.7 5.1 52
& @3%) | (109%) | (5.7%) | (143%) | (0.8%) | (19%) | (-1.6%) | (3.9%) | (03%) | (0.7%)
Sungio 15.9 16.5 14.5 16.2 253 25.9 19.4 19.4 49 5.6
Q5 %) | (63%) | (84%) | 1.1%) | (1.6%) | 41%) | (0.1%) | (-03%) | (105%) | (26.3%)
Dalsun 16.3 17.0 13.9 145 257 25.9 19.9 206 49 53
Middle § G0%) | (T4%) | 26%) | (64%) | (05%) | (13%) | 23%) | (58%) | (5.9%) | (14.8%)
reach 17.5 18.9 142 14.4 260 265 214 21 52 48
Hwawonnaru 0 0 . 0 0 0 ) 0 40 X 0
(5%) | (137%) | (1.0%) | (24%) | (13%) | G4%) | 0%) | (G.1%) | (48%) | (-12.1%)
Nakdong 16.8 17.7 15.2 16.9 259 265 200 20.1 55 59
changnyung | (3.6%) | (9.0%) | (84%) | (20.9%) | (14%) | (G.6%) | (04%) | (0.9%) | (4.6%) | (11.5%)
Hancheon 16.8 17.8 145 154 26.0 268 19.9 202 57 6.6
P @4%) | (109%) | @2%) | (105%) | @1%) | G3%) | (1.0%) | @5%) | (107%) | (26.8%)
Nt 16.4 16.7 153 16.8 258 26.4 206 214 56 6.2
) 12%) | G0%) | (72%) | (18.0%) | (1.5%) | G8%) | 8%) | (.1%) | 67%) | (16.9%)
Mulkun 16.9 17.6 14.7 154 258 263 207 213 57 6.1
Lower G0%) | (14%) | G.0%) | (74%) | (1.1%) | @1%) | @1%) | (52%) | 49%) | (12.3%)
rach [ 16.7 17.3 14.5 16.0 259 265 210 219 6.0 6.7
§ Q5%) | 62%) | (7.0%) | (17.6%) | (14%) | G6%) | 8%) | (1% | 87%) | (21.8%)
Koo 16.7 17.3 143 15.0 25.4 25.8 210 219 6.0 6.5
P Q6%) | (65%) | 34%) | (85%) | (09%) | @2%) | (.0%) | (75%) | (7.1%) | (17.6%)
18.1 19.6 17.2 195 26.6 26.6 208 222 8.5 11.6
S;‘mak Seonakdongl | s oo | (13.9%) | (9.6%) | 41%) | (02%) | (05%) | @8%) | (120% | G1.8%) | (79.4%)
on
rivj seonakdongy | 176 18.6 16.5 182 26.4 263 211 229 7.8 10.5
851 38%) | (95%) | (74%) | (185%) | (:02%) | (-0.5%) | (6.0%) | (15.0%) | (31.2%) | (78.1%)
Vean 16.1 16.7 14.0 14.9 249 252 19.5 19.9 5.4 57
Q6%) | 6.6%) | 45%) | (112%) | 0.8%) | @1%) | (13%) | (3% | @1%) | (102%)
S.D. 13 17 2.0 28 23 23 14 2.0 14 24
SK. 12 -0.8 17 -1 2.9 27 0.5 .08 0.4 0.7

SAEN SREHAEA| M2 M55, 2010



JlEMsi| TE LY e 72 FHY U e BT 2y 833

rfo

10

F ol
BOom 04y 2o

N
) 2,
R
2
off
lo
2
i
tlo
2,

OW"* A A
< %ﬂ ‘:"“011*1

[ru
i
RS-

=~ mlm

po)

L

XN
X oN &
T N

Slope &4l
0.007¢1%
0.0165 EHth

2) 454 79 FeAH ¢
Mo A3 9458 §99 g4E HHe
A= 045602 AL AGE419
Tu9) -0.2500] 9, A i
A 105k B =7 BAHAT 7E A 3
B AY9sd, S, b, &R o2 3A
3, shSoR Qg FATFARJ] AtEd FREA
-T2 BgE7E 3A B

3) 7Z1FHste] wE GE5d §99 A reF F2&
Agstal Msde A4S 7122 20289 4.1%,
2058\ 10.4% S7bsta, AZEE AL, &, 7H, 9%
MR Z F7HeS B £22 20284 2.6%, 2058
d 6.6% S7tstaL &, AL, 7, dF €22 F7H&l
2 ALE BAHAY 59 ALE A9EE 99 2
T F7PF CddEH.

=
rlo
o @
(=}
3
o0

Es

iy
P
LY
[
T
N 3o oox 2 rlo M

S

Al Al
2 ATE FAQSne AT Adez £PIQoH o
o) ZAERYT
A E6
FYHINFAT2(2009). 7] FH 3} o] sl7] - IPCC 43F H I}
2

ﬂxi ABTZ [ I Il 7|8 T Ho 2P L
FHoZ

4

ZESEE FFETFEA2(2009). FFFFHYF 2008.
AEA, 198, AAH(2009). CGCME m#H 71F FH
o] &% 7EHE 453 §Y9 FFd "WAE G
M. FdHF FFEFFFI A, 25(6), pp. 863-871.
014 3H2007). vt At LT F29 HHAY FF
A BA. g ¢F & QFa s A, 19(2), pp. 128-135.
£4(2007). AL S 72% F
A BA. oFaof olef Eels]

otk
S A ]

iy

=], 19(3), pp. 213-221.

Bogan, T., Mohseni, O., and Stefan, H. G. (2003). Stream
temperature-equilibrium temperature relationship. Water Reso-
urces Research, 39, pp. SWC7.1-SWC7.12.

Conover, W. J. (1980). Practical Nonparametic Statistics, 2nd
Ed., John Wiley & Sons, New York.

Gilbert, R. O. (1987). Statistical Methods in Water Resources.
Elsevier, Amsterdam, pp. 522.

Hirsch, R. M., Helsel, D. R., Cohn, T. A., and Gilroy, E. J.
(1993). Statistical analysis of hydrologic data (chapter 17),
In Handbook of Hydrology, D. R. Maidment (ed.), McGraw-
Hill Inc., New York.

Mohseni, O., Stefan, H. G., and Erickson, T. R. (1998). A
nonlinear regression model for weekly stream temperatures.
Water Resources Research, 34(10), pp. 2685-2692.

Morrill, J. C., Bales, R. C., and Conklin, M. H. (2005). Estima-
ting Stream Temperature from Air Temperature: Implica-
tions for Future Water Quality. J. Envir. Engrg, 131, Issue
1, pp. 139-146.

Pilgrim, J. M., Fang, X., and Stefan, H. G. (1998). Stream
temperature correlations with air temperatures in Minnesota:
Implications for climate warning. Journal of the American
Water Resources Association, 34(5), pp. 1109-1121.

Schaake, J. C. (1990). From climate to flow, in Climate
Change and U.S. Water Resources. John Wiley, New York.

Sen, A. and Srivastava, M. S. (1975). On tests for detecting
change mean. Annals of Statistics, 3, pp. 98-108.

Vogel, R. M., Wilson, I, and Daly, C. (1999). Regional
regression models of annual streamflow for the United
States. J. Irrig. Drain. Eng., 125(3), pp. 148-157.

Webb, B. W., Clack, P. D., and Walling, D. E. (2003).
Water-air temperature relationships in Devon river system
and the role of flow. Hydrological Process, 17, pp. 3069-
3084.

Webb, B. W. and Noblis, F. (1997). Long-term perspective on
the nature of the air-water temperature relationship: A case
study. Hydrological Process, 11, pp. 137-147.

Journal of Korean Society on Water Quality, Vol. 26, No. 5, 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


