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요 약: 본 연구는 팔당호 내 4개 지점을 대상으로 각 지점에서의 장기 수질 변화 및 지점 간 시차성을 확

인하기 위하여 비모수적 추세분석 방법인 Seasonal Kendall test, LOWESS와 Cross Correlation을 수

행하였다. 본 분석을 위하여 2004년 1월부터 2016년 12월까지, 각 지점별 9개 수질 항목(수온, EC, DO,

BOD, COD, T-N, T-P, TOC, Chl-a)의 주별 분석 자료를 사용하였다. Seasonal Kendall test 결과 수

온은 증가, EC와 T-N, T-P는 전 지점 모두 감소 경향을 나타내었다. LOWESS 결과 BOD 농도는 전 지

점에서 2013년부터 2016년까지 “감소” 경향을 나타내었고 COD는 2012년부터 “증가” 경향을 나타내었다.

따라서 2012~2013년은 팔당호 전 지점에서 BOD의 개선과 함께 COD의 증가가 나타나는 전환기였음을

확인할 수 있었다. Cross Correlation 결과, 모두 시차성 없음으로 나타났다. 본 연구를 통하여 팔당호에

대한 보다 적합한 수질관리를 위하여 위의 전환기에 대한 발생원인 분석과 함께 수질 측정주기의 증가를

통한 보다 정밀한 모니터링이 필요할 것으로 판단된다.
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I. 서 론

팔당호는 남한강과 북한강 그리고 경안천이 합류

하는 지점에 위치하여 매우 독특한 수리·수질 특성을

나타내고 있다(Kong et al. 1996). 호수의 형상은 좁

고 긴 수지형으로 유역 특성과 유량이 상이한 세 지

류의 유입에 따라 호 내 물의 흐름과 수질 분포가 불

균일하게 유지되고 있다(Park et al. 2005). 또한 수

표면적에 대한 유역면적의 비가 매우 크기 때문에 호

수의 수리 및 수질은 유역으로부터의 강우 및 오염물

질 유출에 직접적인 영향을 받는다(Kong 1995). 이

처럼 팔당호는 복잡한 구조와 환경으로 인하여 시·공

간적 수리, 수질 변화가 큰 수체이다. 따라서 수질 관

리 시 양질의 상수원수 확보를 위하여 수질 및 유역

특성에 대한 과학적 규명이 필요하다. 이를 위하여

시·공간성을 고려한 장기 수질 변화 연구로 모수적

방법인 회귀분석은 물론 비정규성, 이상치 및 결측치

등을 고려한 비모수적 추세분석 방법인 Mann-

Kendall, Seasonal Kendall test를 이용한 연구가

활발히 진행되고 있다(Xu et al. 2003; Kim and

Park 2004; Birsan et al. 2005; Lee and Park

2008; Choi et al. 2008; Karpouzos et al. 2010;

Kauffiman et al.  2011;  Yenilmez et al.  2011;

Song et al. 2012; Kim et al. 2014). 팔당호를 대상

으로 한 장기 추세분석 연구로는 1985~1993년까지

9년간 팔당댐 COD의 월별 측정 자료를 이용하여 수

질 추세를 잘 반영할 수 있는 통계분석기법을 모색한

연구(Lee 1995), 국가 물환경측정망 운영 지점 중

884개 하천과 호소 지점을 대상으로 1989~2009년

까지의 수온 측정결과를 이용하여 Seasonal Kendall

test를 실행한 연구(Han 2010), 팔당댐과 노량진을

대상으로 1994~2010년까지 BOD, COD, T-P,

Chl-a 자료를 이용하여 Seasonal Kendall test 및

LOWESS (LOcallyWEighted Scatter plot Smoother)

분석을 통한 국가 장기 수질 평가방법 개발 연구

(NIER 2013) 등 여러 연구가 지속적으로 수행되고

있다. 하지만 이들 연구는 팔당호 내 대표지점인 P2

지점의 수질 변동을 분석 하였을 뿐, 호 내 상·하류

지점 및 항목간 연관성은 고려하지 못하고 있다. 따

라서 본 연구에서는 팔당호 내 수질 측정 지점에서의

장기간에 거친 수질변화 양상은 물론 호 내 지점 간

수질 변화의 시차성을 분석하고자 하였다. 이를 통하

여 팔당호에 대한 수질 관리·정책 수립 시, 수질 상태

및 변화에 대한 보다 다양한 분석 자료를 제공하고자

하였다.

II. 재료 및 방법

1. 연구대상 지역

본 연구는 한강수계 내 팔당호에 위치한 물환경측

정망 운영 지점 중 팔당댐2(P2), 팔당댐3(P3), 팔당

댐4(P4), 팔당댐5(P5)를 조사 대상 지점으로 선정하
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Abstract : This study, we conducted a non-parametric trend test (Seasonal Kendall tests, LOWESS)

and Cross Correlation. We aimed to identify water quality trends using the weekly data for 9 variables

(Water Temperature, EC, DO, BOD, COD, T-N, T-P, TOC and Chl-a) collected from 4 sites in the

Paldang Lake from 2004.01 to 2016.12. According to the Seasonal Kendall test, Water temperature

increased but EC, T-N and T-P decreased trend. LOWESS showed that BOD was gradually decreased

from 2013 to 2016. but COD gradually increased between 2012 and 2016. As a result, it was confirmed

that the period between 2012 and 2013 was a turning point in the increase of COD along with the

decrease of BOD at all sites in Paldang Lake. Results of Cross Correlation showed that there was no

time difference between all of Water variables and Sites. In this study, it is necessary to analyze the

cause of the transition period and to monitoring the water quality more precisely for better water

quality management in Paldang Lake.
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였다(Figure 1). 이중 P3는 평균수심 6.8 m로 남한

강 유입지류의 영향을 받고 있으며 P4는 평균수심

9.2 m를 나타내며 호 내 지점 중 북한강 수계와 가장

인접한 지점이다. P5는 평균수심 2.4 m를 나타내며

경안천 수계의 영향을 받고 있는 지점이다. P2는 호

내 지점 중 가장 하류인 댐 앞에 위치하고 있어, 위 3

개 지점의 물이 합류하는 곳으로 평균수심 22.5 m로

가장 깊고 호의 수질을 대표하는 지점이다.

2. 연구방법

본 연구는 국가 물환경측정망 중 팔당호에 대하여

2004년 1월부터 2016년 12월까지 총 13년 동안의

수온(℃), EC (μS/cm), DO (mg/L)의 3개 현장항목

과 BOD (mg/L), COD (mg/L), T-N (mg/L), T-P

(mg/L), TOC (mg/L), Chl-a (mg/m3)의 6개 수질

항목을 분석 대상으로 선정 하였다. 수질 분석 자료

는 물환경정보시스템의 주별 측정자료 중 수심별 측

정치의 평균값(MOE 2018)을 이용하였다. 팔당호의

수질변화를 살펴보기 위하여 본 자료를 바탕으로 추

세분석 및 교차상관 분석을 수행하였다. 추세분석은

비모수적 방법을 활용한 Seasonal Kendall test와

LOWESS 분석을 이용하였고 이 두 결과 간 중첩 비

교를 수행하였다. Seasonal Kendall test는 전체

연구기간 동안 수질의 전체적인 증감 경향성을 파악

하기 위하여 수행하였고 LOWESS는 대상기간 중

증가, 감소의 변화가 발생하는 세부적인 구간을 파악

하기 위하여 수행하였다. Seasonal Kendall test-

LOWESS 결과의 중첩 비교는 그래프 비교를 통하여

수행하였으며 두 분석결과의 공통 변화 구간 및 차별

구간 확인을 통하여 보다 명확한 변화 시점 및 변화

정도를 살펴보기 위하여 수행하였다. 교차상관 분석

(Cross Correlation)은 팔당호 내 상·하류 지점 간 수

질변화의 시차성과 각 수질 항목 간 시차성 확인을

위하여 수행하였다. 이를 위하여 각 지점 간, 항목 간

상관분석(Correlation)을 우선 실행하였다. 통계분

석은 SPSS 15.0과 R을 사용하였다.
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Figure 1.  Location of study sites in Paldang lake.
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1) Seasonal Kendall test

Seasonal Kendall test는 Mann-Kendall test의

확장형으로 데이터를 월별, 계절별로 구분하여

Kendall의 S통계량의 합으로 검정하며 식은 아래

(2)와 같다. 여기서 식(1)은 각 계절에 대한 Mann-

Kendall 방법을 나타낸 것으로써 와 같다(Hirsch

and Slack, 1984).

Sg = sgn(Xjg – Xig)                                       (1)

S′ = Sg                                                               (2)

표본이 큰(n>10) 경우 평균과 분산이 정규분포에

근사하게 되며 이때 아래의 식(3)을 이용한다(Helsel

and Hirsch, 2002).

μsk = 0
Var(S*) = Var(S′) = [ni(ni –1)(2ni +5)]/18   (3)
μsk = mean
Var(S*) = variance∑

또한 동일한 데이터가 여러 개 존재할 경우 그룹으

로 묶어 식(3)에 대입하여 산출한다. 이때 평균이 0,

n>10일 경우 Var(S*)을 이용한 표준화 Z통계량을 식

(4)에 나타내었다.

Var(S*) = Var(S′) = [ni(ni – 1)(2ni + 5) –

ti(ti – 1)(2ti + 5)]/18

                 
Sk > 0                               

(4)
Zsk =     0                      Sk = 0

                 
Sk < 0

ni = number of data in the ith season
ti = number of tied group

이때 귀무가설 H0 : slope b1̂ =0(no trend)이며 Z

통계량과 p-value를 구해 유의성 검증과정을 거친

후 수질 추세의 유무를 판단하게 된다.

2) LOWESS (LOcally WEighted Scatter plot

Smoother)

비모수적 평활(Smoothing) 방법은 연구기간 중

추세 변동이 존재할 경우 회귀선의 형태를 직선으로

한정하지 않고 적절한 경향의 변화를 반영할 수 있는

방법으로써 증가와 감소만을 나타내는 선형추세에

대한 단점을 보완하기 위하여 개발되었다. 따라서

LOWESS 분석은 x에 대한 일정한 수직 구간(span

또는 window)을 정하여 거리와 영향력을 조절한 후

각각의 값에 대한 이동직선을 구한다. 또한 이로부터

y의 평활점(smoother)을 얻고 이 평활점을 직선으로

연결한다. 따라서 본 방법은 회귀모형에 대한 가정

없이 회귀모형을 적용할 수 있다. 이동선(xi, yi)을 계

산하기 위하여 x=xi 중심으로 n×f에 가장 가까운 정

수만큼의 데이터를 포함하도록 수직 띠의 폭을 결정

한다(Kim et al, 2014). 이때 xi=x이며 평활상수인 f
는 0 < f < 1의 범위를 가지며 기본 값은 1/3∼2/3로 f
가 크면 x에 대한 구간의 크기가 커지고 더 많은 수의

데이터가 ŷi의 추정치에 영향을 준다. 여기서 적절한 f
의 선택은 주관적 일 수 있다(Helsel & Hirsch 2002).

따라서 관측 자료의 적합도를 세밀히 관찰하여 적절

한 f값을 찾아야 한다. 본 연구에서는 f값에 대하여

0.5를 사용하였고 반복수(Iter)는 3으로 실행하였다.

3) 교차상관(Cross Correlation)

교차상관은 두 개의 시계열 데이터에 있어서 서로

간의 시차상관을 알고자 할 때 유용한 방법이다(Noh

2007). 시차성이 존재하는 두 변수 Xi와 Xi+k의 관계

를 X와 Y의 kth 차수 상관이라고 하며 이에 대한 표본

추정치 rk는 식 (5)와 같다.

             
(Xi – –X) (Yi+k – –Y)

rk = ——————————                            (5)

         
(Xi – –X)2 (Yi – –Y)2

여기서  –X = Xi, –Y = Yi의 관계식이 성립

한다. 또한 시간의 지수인 k는 음수, 양수 모두 가능

하며 교차상관의 표본 표준오차는 1/ n, 신뢰한계는

±2/ n을 의미한다.
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III. 결과 및 고찰

1. Seasonal Kendall test 및 LOWESS 분석 결과

2004~2016년 팔당호의 각 지점별 수질 측정결과

를 사용하여 Seasonal kendall test를 수행하였다.

조사기간 동안의 주별 수질 측정결과는 최대·최소,

평균, 표준편차로 요약하여 부록 1에 나타내었다. 수

질 항목별 Seasonal kendall test 결과(Table 1), 수

온의 경우 전 지점에서 p-value는 0.000로 유의수

준(α) 0.1 이하로 나타나 귀무가설(H0 = no trend)

을 기각하여 수계 전반에 걸쳐 경사도에 따라 “증가”

하는 경향을 나타내었다. EC의 경우는 전 지점 모두

p-value 0.000로 경사도에 따라 “감소” 하는 경향

을 나타내었다. DO는 P2, P3 지점에서 p-value
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Table 1.  The results of Seasonal Kendall tests of water quality variables at stations

Water Variable Station
Seasonal Kendall trend

Z-value N intercept slope p-value trend

WT

P2 6.127 572 15.770 0.5081 0.000 ▲
P3 7.351 319 15.740 0.6534 0.000 ▲
P4 6.368 320 15.020 0.5411 0.000 ▲
P5 6.595 132 16.610 0.6528 0.000 ▲

EC

P2 -2.011 572 0.035 -0.0030 0.000 ▼
P3 -4.159 319 0.037 -0.0030 0.000 ▼
P4 -3.305 320 0.013 -0.0024 0.000 ▼
P5 -2.701 132 0.029 -0.0035 0.000 ▼

DO

P2 -1.734 572 0.015 -0.0430 0.000 ▼
P3 -1.505 319 0.042 -0.0110 0.000 ▼
P4 0.484 320 0.800 0.0000 0.628 ●
P5 -0.909 132 1.700 0.0000 0.363 ●

BOD

P2 1.855 572 1.021 0.0230 0.064 ▲
P3 4.192 319 1.350 0.1000 0.000 ▲
P4 0.484 320 0.800 0.0000 0.628 ●
P5 -0.909 132 1.700 0.0000 0.363 ●

COD

P2 -1.476 572 3.840 -0.0400 0.140 ●
P3 0.179 319 4.200 0.0000 0.858 ●
P4 -1.198 320 3.388 -0.0250 0.231 ●
P5 -2.013 132 5.050 -0.1000 0.044 ▼

T-N

P2 -3.356 572 2.331 -0.0548 0.001 ▼
P3 -4.236 319 2.679 -0.0690 0.000 ▼
P4 -2.171 320 1.934 -0.0334 0.030 ▼
P5 -5.090 132 2.817 -0.1234 0.000 ▼

T-P

P2 -6.770 572 0.037 -0.0030 0.000 ▼
P3 -5.577 319 0.048 -0.0037 0.000 ▼
P4 -7.675 320 0.022 -0.0021 0.000 ▼
P5 -6.078 132 0.049 -0.0047 0.000 ▼

TOC

P2 2.808 385 1.925 0.0500 0.005 ▲
P3 3.557 268 2.150 0.1000 0.001 ▲
P4 2.373 269 1.683 0.0333 0.018 ▲
P5 1.477 100 2.683 0.0333 0.140 ●

Chl-a

P2 -0.956 571 12.250 -0.4000 0.339 ●
P3 1.852 319 11.600 0.8000 0.064 ▲
P4 -2.319 320 8.319 -0.4625 0.020 ▼
P5 -1.034 132 15.560 -0.6167 0.301 ●

WT : Water Temperature
Water Quality Trend : Increase ▲, Constant ●, Decrease ▼
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(a) WT, EC, DO

Figure 2.  The results of LOEWSS of water quality variables at stations; (a) WT, EC, DO, (b) BOD, COD, TOC, (c) T-N,
T-P, Chl-a.
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(b) BOD, COD, TOC

Figure 2.  Continued
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(c) T-N, T-P, Chl-a

Figure 2.  Continued
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Figure 3.  Seasonal Kendall and LOEWSS trend by the weekly data of BOD, COD
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0.000로 경사도에 따라 “감소” 하였고 P4, P5에서는

p-value 0.628, 0.363로 유의성이 없어 증가 또는

감소 추이에 대한 경향성을 나타내지 않았다. BOD

의 경우 P2, P3 지점에서 p-value는 0.064, 0.000

로 경사도에 따라 “증가” 경향을 나타내었고 나머지

지점에서는 “경향성 없음”을 나타내었다. COD는 P5

지점은 p-value 0.041로 경사도에 따라 “감소” 경향

을 나타내었고 나머지 지점에서는 “경향성 없음”을

나타내었다. T-N, T-P의 경우 전 지점 모두 “감소”

경향을 나타내었다. TOC는 P2, P3, P4 지점에서

p-value는 0.005, 0.001, 0.018로 경사도에 따라

“증가”하였고 P5 지점에서는 “경향성 없음”을 나타

내었다. Chl-a는 P3 지점에서는 “증가” P4 지점에

서는 “감소”하였고 P2, P5 지점에서는 “경향성 없음”

을 나타내었다. 즉 수온, EC, T-N, T-P는 전 지점

에서 모두 증감 경향이 일치하였다. 하지만 타 항목

에서는 지점에 따라 경향성이 일치하지 않았다. 경향

성이 나타난 항목을 대상으로 지점별로 살펴보았을

때, 지난 13년 동안 P2 지점에서는 수온, BOD, TOC

는 “증가”하였으나 EC, DO, T-N, T-P는 “감소” 하

였다. P3 지점에서는 수온, BOD, TOC, Chl-a는 “증

가”하였고 EC, DO, T-N, T-P는 “감소” 하여 전반

적으로 P2 지점과 유사한 경향성을 나타내었다. P4

지점에서는 수온, TOC는 “증가” 하였고 EC, T-N,

T-P, Chl-a는 “감소” 하였다. P5 지점에서는 공통

적으로 변화한 항목 외에 COD만 “감소” 하였다. 따

라서 팔당호의 수질 변화는 각 지점별로 일치하고 있

지는 않았다. 하지만 “증가”, “감소”, “경향성 없음”

의 세 가지 경우를 나타내는 Seasonal Kendall test

만으로는 지점, 항목 간 수질 변화 특성을 파악하기

에 어려운 것으로 판단되었다.

LOWESS 분석 결과 BOD, COD는 전 지점에서 수

질 변동을 나타내었으나 나머지 항목은 경향성을 찾

을 수 없었다(Figure 2). BOD는 전 지점 모두 공통

적으로 2013년부터 2016년까지 “감소” 경향을 나타

내었고 그 외 년도에서는 경향성이 일치하지 않았다.

COD는 전 지점에서 공통적으로 2012년부터 2016년

까지 “증가” 경향을 나타내었고 그 외 년도에서는 경

향성이 일치하지 않았다. 이로써 팔당호에서는 생분

해성 유기물에 의한 수질의 영향은 감소하고 있으나

난분해성 물질에 의한 영향은 증가하고 있는 것으로

판단할 수 있었다. 나머지 항목에서는 증감변동을 확

인할 수 없었다.

Seasonal Kendall test-LOWESS 중첩 비교 결

과(Figure 3), BOD의 경우 P2, P3 지점에서는 2004

년부터 2012년까지 지속적으로 증가 후 2013년부터

감소 추세로 전환된 것을 확인할 수 있었고 나머지

지점에서는 2012년까지는 일정 수준을 유지하다

2013년 이후 감소 추세로 전환된 것으로 나타났다.

전 지점 모두 이전년도에 비해 감소폭은 크지 않았다.

COD의 경우는 P5 지점에서 2004년부터 2011년까

지 감소 추세를 보였으나 2012년부터 소폭 증가된 경

향을 나타내었다. 나머지 지점에서는 2012년까지 일

정 수준을 유지하다 2012년 이후 소폭 증가 추세로

전환되었다. 따라서 2012∼2013년, 팔당호 전 지점

에서 BOD의 개선과 함께 COD의 증가를 나타내는

전환기임을 확인할 수 있었다.

2. 상관분석 결과

지점별 수질 변화 추세를 살펴본 후 상류지점과

P2 지점의 관련성을 살펴보기 위하여 지점별 수질 항

목 간 상관분석을 수행하였다(Table 2). 분석 결과

유의수준 0.01에서 수온, DO는 P2 지점과 P3, P4,

P5 지점 모두 r = 0.988, 0.987, 0.978로 상관성이

높았으며 EC는 P3, P5 지점과 r = 0.765, 0.506으

로 유의하였으나 P4 지점에서는 r = 0.345로 낮게

나타났다. T-N, T-P, TOC의 경우, 전 지점 모두 상

관계수가 0.5 이상을 나타내어 유의하였다. Chl-a

는 P3, P4 지점에서 r = 0.592, 0.544로 유의한 상

관성을 나타내었으나 P5 지점에서는 r = 0.401로 상

관성이 약한 경향을 나타내었다. 따라서 P2 지점과

상류 지점의 수질은 대체로 상관성이 유의한 것으로

나타났다. 또한 수질 항목 간 영향정도를 파악하기

위하여 항목 간 상관분석을 수행하였다(Table 3). 분

석결과 유의수준 0.01에서 수온은 DO와 r = -0.687

로 유의한 상관성이 있었고 EC는 BOD와 r = 0.500

으로 유의하였다. BOD는 EC (r = 0.500), COD (r =

0.644), TOC (r = 0.593), Chl-a (r = 0.722)와 유의
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한 상관성을 나타내었다. COD는 BOD (r = 0.644),

TOC (r = 0.850), T-P (r = 0.540), Chl-a (r = 0.517)

와 유의한 상관성을 나타내었다. TOC는 BOD (r =

0.593), COD (r = 0.850), T-P (r = 0.529)와 유의한

상관성을 나타내었다. T-N의 경우는 어떤 수질항목

과도 상관성을 나타내지 않았으며 T-P는 COD (r =

0.540), TOC (r = 0.529)와 유의한 상관성을 나타내

었다. Chl-a는 BOD (r = 0.722), COD (r = 0.517)

와 유의한 상관성을 나타내는 것으로 분석되었다. 즉

팔당호 전 지점의 수질은 항목별로 서로 다른 상관성

을 보이고 있었다.

3. 교차상관 분석 결과

상관분석 결과 유의한 상관관계가 나타난 지점 및

항목에 대한 시차성을 알아보기 위하여 교차상관 분석

을 수행하였다. 지점 간 교차상관 분석 결과(Table 4),

P2 지점의 상류에 위치하고 있으며 상관성이 유의하

게 나타난 P3, P4, P5 지점의 수질 변화에는 CCF

(Cross Correlation 지수) > 0.55 이상인 시차 값이

“0”로 분석되어 시차성이 나타나지 않았다. 또한 상

관성이 유의하게 나타난 수질 항목의 경우에도 시차

성이 나타나지 않았다(Table 5). P2 지점과 상류 지

점 간 유속 및 유하거리에 따른 유하시간의 차이가

있음에도 시차성이 나타나지 않은 주 이유는 연구대

상 기간의 장기성(13년간), 거시성으로 인하여 강우

기 전·후, 계절 변화에 따른 유하시간 변화를 반영하

지 못한데 원인이 있을 것으로 판단된다. 또한 상관

분석 결과 유의한 상관성을 나타내었던 수질 항목 간

시차성이 나타나지 않은 이유는 항목 간 1주 이내에

서 변화하였거나 수심별 측정 자료가 아닌 전체 수심

평균 자료의 사용에 따른 지점별 수심 변화 미반영,

수직·수평 혼합 효과 미반영 등에 의한 것으로 판단

할 수 있었다.
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Table 2.  The results of correlation analysis of Paldang Dam (P2) major inflow streams (P3, P4, P5)

P3 P4 P5
P2 WT .988** .987** .978**
P2 EC .765** .345** .506**
P2 DO .833** .852** .625**
P2 BOD .639** .510** .441**
P2 COD .720** .498** .618**
P2 TOC .778** .524** .647**
P2 T-N .857** .794** .771**
P2 T-P .906** .630** .817**
P2 Chl-a .592** .544** .401**

**. Correlation is significant at the 0.01 level (2-tailed).
WT : Water temperature

Table 3. The results of correlation analysis of water quality variables

WT EC DO BOD COD TOC T-N T-P Chl-a
WT 1      .100**    -.687**      .183**      .327**      .408**    -.302**      .200**      .207**
EC      .100** 1    -.025      .500**      .340**      .347**      .290**    -.002      .276**
DO    -.687**    -.025 1      .183**    -.043    -.118**      .344**    -.146**      .159**

BOD      .183**      .500**      .183** 1      .644**      .593**      .282**      .174**      .722**
COD      .327**      .340**    -.043      .644** 1      .850**      .201**      .540**      .517**
TOC      .408**      .347**    -.118**      .593**      .850** 1      .129**      .529**      .438**
T-N    -.302**      .290**      .344**      .282**      .201**      .129** 1      .345**      .156**
T-P      .200**    -.002    -.146**      .174**      .540**      .529**      .345** 1      .095**

Chl-a      .207**      .276**      .159**      .722**      .517**      .438**      .156**      .095** 1

**. Correlation is significant at the 0.01 level (2-tailed).
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IV. 결 론

본 연구는 북한강, 남한강, 경안천의 수질에 영향

을 받고 있는 팔당호 내 3개 지점과 이의 하류에 위

치하여 최종방류가 일어나고 있는 P2 지점을 대상으

로 2004년부터 2016년까지 13년 동안의 장기 수질변

화와 각 지점 및 항목 간 영향관계를 분석하기 위하

여 수행하였다. Seasonal Kendall test 결과 팔당호

의 수질 변화는 각 지점별로 일치하고 있지는 않았다.

이는 각 지점에 따라 서로 다른 수계의 영향을 받고

있기 때문인 것으로 판단할 수 있었다. LOWESS 분

석 결과 BOD 농도는 전 지점에서 2013년부터 2016년

까지 “감소”경향을 나타내었고 COD는 2012년부터

2016년까지 “증가”경향을 나타내었다. Seasonal

Kendall test-LOWESS 중첩 비교 결과 BOD와

COD는 경향이 일치하였으나 나머지 항목은 경향성

이 서로 일치하지는 않았다. 즉 2012~2013년은 팔

당호 전 지점에서 BOD의 개선과 함께 COD의 증가

가 나타나는 전환기였음을 확인할 수 있었다. 따라서

본 기간에 대한 면밀한 원인 규명 연구가 필요할 것

으로 판단된다. 팔당호 내 상·하류 지점과 수질 항목

간 교차상관 분석 결과, 모두 시차성을 확인할 수 없

었다. P2 지점과 상류 지점 간 유속 및 유하거리에 따

른 유하시간의 차이가 있음에도 시차성이 나타나지

않은 주 이유는 13년이라는 연구기간 동안의 거시적

변화를 파악하기 위하여 강우기 전·후, 계절 변화에

따른 유하시간 변화 등을 반영하지 못한 원인일 것으

로 판단된다. 또한 상관분석 결과 유의한 상관성을

나타낸 수질 항목 간 시차성이 나타나지 않은 이유는
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Table 4.  The results of cross correlation analysis of Paldang dam (P2) and major inflow streams (P3, P4, P5)

Water 
variable

P2-P3 P2-P4 P2-P5
Lag Cross Correlation Lag Cross Correlation Lag Cross Correlation

WT 0 .988 0 .987 0 .978
EC 0 .785 0 .506 0 .345
DO 0 .833 0 .852 0 .625

BOD 0 .639 0 .510 0 .442.
COD 0 .720 0 .498 0 .628
TOC 0 .778 0 .624 0 .687
T-N 0 .857 0 .794 0 .771
T-P 0 .906 0 .630 0 .817

Chl-a 0 .592 0 .544 0 .491

Table 5.  The results of cross correlation analysis of water quality variables

Lag WT-DO BOD-EC BOD-COD BOD-TOC BOD-Chl-a COD-TOC COD-T-P COD-Chl-a TOC-T-P TOC-Chl-a
-7 -.224 .396 .164 .226 .097 .238 .140 .090 .064 .060
-6 -.304 .412 .178 .220 .140 .257 .140 .126 .086 .081
-5 -.372 .423 .240 .262 .242 .323 .215 .185 .151 .122
-4 -.443 .438 .287 .292 .213 .318 .243 .177 .221 .119
-3 -.509 .447 .310 .306 .284 .335 .212 .217 .162 .187
-2 -.575 .443 .388 .377 .330 .370 .225 .269 .201 .208
-1 -.635 .462 .412 .381 .410 .373 .208 .346 .203 .285
0 -.687 .500 .644 .593 .722 .850 .540 .517 .529 .438
1 -.732 .466 .426 .395 .374 .359 .207 .342 .201 .314
2 -.724 .458 .388 .374 .353 .326 .200 .327 .198 .303
3 -.699 .445 .353 .349 .263 .275 .194 .267 .200 .244
4 -.659 .424 .326 .323 .240 .301 .241 .253 .241 .230
5 -.606 .426 .310 .297 .209 .263 .214 .215 .215 .236
6 -.551 .397 .275 .281 .163 .215 .147 .198 .139 .231
7 -.475 .379 .275 .300 .171 .172 .120 .168 .112 .223
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1주 간격의 수질자료를 사용하였기 때문에 1주 이내

에서 나타날 수 있는 연속적인 수질 변화를 반영하기

에 한계가 있었으며 전체 수심의 평균 측정치 사용에

따른 수심 변화 미반영, 수직·수평 혼합 효과 미반영

등에 의한 영향일 것으로 판단된다. 따라서 본 연구

를 통하여 계절과 강우기 전·후를 고려한 시간차분과

함께 수심별 측정 자료의 사용을 통한 후속 연구가

필요할 것으로 판단된다. 따라서 팔당호에 대한 보다

적합한 수질관리를 위하여 위의 전환기에 대한 발생

원인 분석과 함께 수질 측정주기의 증가를 통한 보다

정밀한 모니터링이 필요할 것으로 판단된다.
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Annex 1. Summary of water quality measurement data; Maximum, Minimum, Average, Standard division

Station year Classification WT
(°C)

EC 
(μS/cm)

DO
(mg/L)

BOD 
(mg/L)

COD
(mg/L)

T-N
(mg/L)

T-P
(mg/L)

TOC
(mg/L)

Chl-a 
(mg/m3)

P2

                  

2004

           Maximum            28.1             205             15.1          3.6            6.3          4.397        0.515                      88.1
                                       Minimum               3.0               72                6.8          0.5            2.6          1.329        0.010                        1.0
                                         Average              15.3             141             10.3          1.3            4.0          2.109        0.055                      20.3
                                 Standard division         5.6               29                1.8          0.5            0.9          0.451        0.052                      14.9
                  

2005

           Maximum            26.7             214             16.5          2.9            6.7          3.501        0.228                      51.6
                                       Minimum               1.1               76                4.5          0.5            1.9          1.332        0.003                        1.7
                                         Average              14.9             132                9.9          1.1            3.6          2.296        0.052                      18.1
                                 Standard division         6.9               30                2.3          0.4            0.9          0.403        0.040                      11.9
                  

2006

           Maximum            26.5             226             16.0          3.4            5.5          3.696        0.235                      72.4
                                       Minimum               0.0               75                3.1          0.4            1.1          1.418        0.005                        1.7
                                         Average              15.1             143             10.6          1.2            3.4          2.177        0.062                      19.3
                                 Standard division         6.4               32                2.4          0.6            0.7          0.396        0.039                      13.1
                  

2007

           Maximum            25.0             270             16.6          4.3            7.0          3.840        0.133                      57.8
                                       Minimum               1.0               83                7.4          0.4            2.0          1.615        0.017                        2.1
                                         Average              13.7             156              11.5          1.2            3.6          2.377        0.051                      15.7
                                 Standard division         7.2               36                2.5          0.6            0.8          0.394        0.023                      11.4
                  

2008

           Maximum            28.0             265             18.0          4.9            6.9          3.585        0.151          3.6           49.4
                                       Minimum               2.0               81                4.4          0.4            2.3          1.359        0.011          0.7             1.4
                                         Average              15.3             150             10.7          1.3            3.8          1.935        0.046          2.0           15.9
                                 Standard division         6.8               36                2.9          0.8            0.8          0.311        0.024          0.5           10.0
                  

2009

           Maximum            27.0             231             17.1          3.4            6.4          2.775        0.134          3.8           53.3
                                       Minimum               1.0               68                7.0          0.4            2.3          1.149        0.010          1.5             1.7
                                         Average              14.9             147             10.8          1.4            4.0          1.745        0.036          2.5           17.2
                                 Standard division         6.8               40                2.4          0.7            0.8          0.274        0.020          0.5           12.3
                  

2010

           Maximum            28.0             257             15.6          3.1            6.2          2.921        0.164          3.9           51.9
                                       Minimum               0.0               92                4.0          0.4            2.7          1.460        0.010          1.5             1.5
                                         Average              14.7             155             10.5          1.2            4.0          2.116        0.036          2.1           15.1
                                 Standard division         7.4               35                2.4          0.5            0.6          0.303        0.025          0.4             9.0
                  

2011

            Maximum            27.3             299             17.3          2.7          12.2          3.970        0.316          8.5           40.8
                                       Minimum               1.0               76                8.0          0.5            2.1          1.682        0.011          1.5             1.0
                                         Average              14.7             162              11.3          1.1            3.8          2.346        0.049          2.2           12.1
                                 Standard division         6.1               36                1.6          0.4            1.0          0.429        0.042          0.8             8.0
                  

2012

           Maximum            32.0             219             15.0          2.8            5.9          3.636        0.209          5.8           44.5
                                       Minimum               0.8               72                1.5          0.4            2.7          1.553        0.013          1.2             1.5
                                         Average              15.2             146             10.2          1.1            3.9          2.288        0.044          2.2           12.7
                                 Standard division         7.1               31                2.2          0.5            0.6          0.340        0.031          0.6             8.2
                  

2013

           Maximum            28.2             249             15.2          3.2            7.0          2.921        0.193          4.0           50.5
                                       Minimum               0.2               70                7.0          0.4            2.1          1.425        0.011          1.1             0.6
                                         Average              14.7             151             10.5          1.2            3.8          2.160        0.039          2.0           13.7
                                 Standard division         7.3               39                1.8          0.5            0.7          0.246        0.033          0.5             8.4
                  

2014

           Maximum            28.1             256             15.6          3.2            6.0          3.808        0.084          4.7           56.1
                                       Minimum               0.7               95                1.3          0.5            2.2          1.002        0.009          1.6             0.6
                                         Average              16.0             183             10.0          1.3            3.6          1.952        0.025          2.2           10.5
                                 Standard division         7.1               42                2.4          0.5            0.6          0.398        0.013          0.5             8.1
                  

2015

           Maximum            29.9             338             15.2          3.9            7.1          2.987        0.108          4.6           55.8
                                       Minimum               2.0             115                0.2          0.4            2.2          1.122        0.009          1.6             2.0
                                         Average              16.6             204                8.2          1.3            3.6          1.875        0.023          2.4           11.4
                                 Standard division         7.3               45                3.7          0.5            0.7          0.483        0.012          0.5             8.3
                  

2016

           Maximum            31.8             293             15.1          3.7            6.4          3.738        0.090          3.8           47.4
                                       Minimum               2.2             100                1.1          0.4            2.9          1.422        0.008          1.8             2.7
                                         Average              16.2             202                9.3          1.2            3.9          2.070        0.026          2.3           11.9
                                 Standard division         7.0               50                2.5          0.5            0.6          0.464        0.014          0.4             6.3
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Annex 1.  Continued

Station year Classification WT
(°C)

EC 
(μS/cm)

DO
(mg/L)

BOD 
(mg/L)

COD
(mg/L)

T-N
(mg/L)

T-P
(mg/L)

TOC
(mg/L)

Chl-a 
(mg/m3)

P3

                  

2004

           Maximum            29.4             211             15.6          4.0            6.3          2.912        0.142                      76.5
                                       Minimum               2.0             110                8.1          0.6            2.2          1.799        0.028                        5.1
                                         Average              14.3             186              11.4          1.7            4.2          2.356        0.062                      28.4
                                 Standard division         7.0               29                2.1          1.0            1.0          0.315        0.033                      22.2
                  

2005

           Maximum            26.5             235             15.3          3.1            6.0          3.451        0.120                      52.1
                                       Minimum               1.0             116                6.9          0.3            2.1          2.089        0.021                        1.6
                                         Average              16.0             179             10.3          1.2            3.7          2.749        0.061                      15.4
                                 Standard division         7.0               34                2.3          0.7            1.2          0.387        0.031                      14.6
                  

2006

           Maximum            26.0             237             16.2          4.4            5.4          3.750        0.174                      65.1
                                       Minimum               2.5             111                5.5          0.4            2.2          1.865        0.032                        0.9
                                         Average              15.0             193              11.9          1.8            3.6          2.461        0.062                      25.8
                                 Standard division         7.3               29                3.0          1.0            0.7          0.412        0.030                      15.9
                  

2007

           Maximum            25.0             261             16.7          6.3            7.1          3.638        0.156                      70.6
                                       Minimum               2.4             127                7.3          0.5            2.0          1.998        0.025                        1.7
                                         Average              14.3             200              11.6          1.7            3.9          2.655        0.069                      17.2
                                 Standard division         7.2               36                2.7          1.3            1.1          0.405        0.038                      16.0
                  

2008

           Maximum            25.7             241             16.4          5.3            6.9          3.016        0.100          3.1           77.1
                                       Minimum               2.0             168                2.2          0.5            2.4          1.737        0.024          1.5             2.7
                                         Average              15.1             205              11.7          1.9            4.2          2.273        0.058          2.3           22.9
                                 Standard division         7.3               21                3.4          1.3            1.3          0.349        0.021          0.5           22.9
                  

2009

           Maximum            28.0             258             19.1          4.9            7.2          2.581        0.106          4.1           60.9
                                       Minimum               2.0               68                3.2          0.6            2.0          1.320        0.013          1.9             6.7
                                         Average              16.1             209             12.4          2.6            4.7          2.028        0.038          3.2           27.1
                                 Standard division         7.6               44                3.6          1.2            1.2          0.310        0.016          0.7           16.3
                  

2010

           Maximum            29.0             250             18.3          5.1            8.6          3.024        0.122          4.4           73.8
                                       Minimum               0.0             150                3.6          0.5            2.6          1.596        0.021          1.4             2.6
                                         Average              15.7             207              11.1          1.6            4.6          2.366        0.046          2.3           19.4
                                 Standard division         8.1               26                3.1          1.1            1.3          0.407        0.028          0.7           19.5
                  

2011

            Maximum            27.4             250             17.3          3.8          24.1          3.518        0.336        16.0           42.0
                                       Minimum               0.9               78                8.6          0.4            1.8          1.941        0.029          1.3             0.4
                                         Average              15.8             196              11.5          1.2            4.3          2.564        0.072          2.7           12.4
                                 Standard division         6.4               39                1.8          0.8            3.5          0.321        0.060          2.5           12.1
                  

2012

           Maximum            30.8             268             15.2          4.7            7.1          3.917        0.253          4.6           75.0
                                       Minimum               0.2             120                2.4          0.2            2.7          1.687        0.020          1.3             1.1
                                         Average              15.5             198             10.5          1.5            4.3          2.597        0.056          2.5           14.6
                                 Standard division         7.7               34                2.5          1.1            0.9          0.346        0.045          0.8           14.2
                  

2013

           Maximum            29.9             256             20.2          5.9            7.6          3.282        0.234          4.6           67.1
                                       Minimum               0.1               85                5.9          0.5            2.2          1.735        0.018          1.3             0.9
                                         Average              15.1             200              11.1          1.4            4.2          2.459        0.055          2.3           15.4
                                 Standard division         7.8               34                2.4          1.0            1.1          0.246        0.040          0.8           14.9
                  

2014

           Maximum            29.6             278             16.5          5.5            6.5          3.055        0.122          4.5           68.3
                                       Minimum               2.1             143                0.4          0.5            2.1          1.301        0.011          1.6             0.2
                                         Average              16.6             236              11.1          2.2            4.4          2.215        0.037          2.7           19.2
                                 Standard division         7.7               25                3.2          1.1            1.0          0.459        0.021          0.6           15.4
                  

2015

           Maximum            32.2             344             19.8          5.4            8.2          3.645        0.157          5.2           77.5
                                       Minimum               4.0             144                0.4          0.6            2.5          1.037        0.008          1.9             2.7
                                         Average              18.1             268                9.8          2.1            4.3          1.987        0.035          3.0           21.4
                                 Standard division         7.7               42                3.7          1.0            1.1          0.694        0.025          0.7           15.4
                  

2016

           Maximum            32.8             338             16.8          4.1            6.5          3.477        0.107          4.9           62.2
                                       Minimum               3.7             126                1.0          0.5            3.1          1.411        0.015          1.8             3.1
                                         Average              17.5             260                9.8          1.9            4.4          2.267        0.035          2.5           18.0
                                 Standard division         7.3               43                3.4          0.7            0.7          0.394        0.015          0.5           10.3
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Annex 1.  Continued

Station year Classification WT
(°C)

EC 
(μS/cm)

DO
(mg/L)

BOD 
(mg/L)

COD
(mg/L)

T-N
(mg/L)

T-P
(mg/L)

TOC
(mg/L)

Chl-a 
(mg/m3)

P4

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

                                       Maximum            23.6             197             14.3          2.7            7.2          2.267        0.186                           61.4
                                       Minimum               3.0               52                8.2          0.4            1.8          1.114        0.016                             5.9
                                         Average              14.0               95              10.7          1.2            3.7          1.595        0.033                           18.9
                                 Standard division         6.2               30                1.5          0.5            0.9          0.319        0.030                           10.6
                                       Maximum            26.2             224             15.6          2.4            5.3          3.249        0.067                           40.1
                                       Minimum               1.7               60                8.1          0.4            2.6          1.245        0.009                             4.9
                                         Average              15.5               96              10.6          1.2            3.4          2.152        0.029                           18.4
                                 Standard division         7.1               33                1.9          0.5            0.7          0.477        0.013                             8.6
                                       Maximum            24.9             160             15.1          2.5            4.1          2.725        0.102                           32.3
                                       Minimum               1.1               60                8.1          0.4            2.5          0.023        0.000                             1.2
                                         Average              14.4               95              11.3          1.1            3.1          1.803        0.040                           15.1
                                 Standard division         7.3               26                2.1          0.5            0.3          0.426        0.026                             8.4
                                       Maximum            26.0             235             15.2          2.3            5.2          2.798        0.068                           29.0
                                       Minimum               3.0               71                7.1          0.3            2.0          1.472        0.013                             1.1
                                         Average              13.8             105              11.2          0.9            3.2          1.949        0.034                             9.8
                                 Standard division         7.2               34                2.3          0.6            0.8          0.341        0.013                             8.1
                                       Maximum            25.0             227             15.3          3.0            4.8          1.914        0.072          2.6           47.2
                                       Minimum               2.0               73                7.3          0.5            2.4          1.307        0.013          1.5             0.8
                                         Average              14.7             107              11.0          1.1            3.5          1.638        0.033          2.1           14.8
                                 Standard division         7.0               31                2.3          0.6            0.6          0.167        0.015          0.3           10.3
                                       Maximum            26.0             230             15.9          2.6            5.3          2.209        0.068          3.0           37.2
                                       Minimum               2.0               65                7.8          0.5            2.4          1.194        0.013          2.0             3.6
                                         Average              15.1             115              11.3          1.5            3.9          1.617        0.026          2.4           15.6
                                 Standard division         7.2               41                2.2          0.6            0.9          0.286        0.013          0.3             9.9
                                       Maximum            29.0             229             14.2          2.0            5.2          2.565        0.033          3.1           46.4
                                       Minimum               0.0               78                7.3          0.4            2.4          1.397        0.011          1.5             0.7
                                         Average              14.9             114              11.1          1.1            3.5          1.702        0.019          2.0           12.9
                                 Standard division         7.9               41                1.8          0.5            0.7          0.233        0.007          0.5           11.0
                                       Maximum            25.7             219             14.3          1.6            4.9          2.510        0.068          2.6           28.1
                                       Minimum               1.0               71                8.9          0.3            2.4          1.509        0.013          1.3             0.7
                                         Average              15.5             115              11.3          0.8            3.3          1.914        0.029          1.8             9.6
                                 Standard division         6.0               38                1.1          0.3            0.6          0.247        0.012          0.3             6.6
                                       Maximum            31.6             220             14.6          3.4            7.3          3.112        0.126          6.2           39.7
                                       Minimum               0.4               61                6.8          0.5            2.3          1.501        0.009          1.1             1.9
                                         Average              14.9             108             10.6          1.2            3.8          2.072        0.028          2.3           13.2
                                 Standard division         7.6               33                1.7          0.7            0.8          0.302        0.018          0.8             7.8
                                       Maximum            27.4             236             14.2          2.8            6.4          2.618        0.091          3.2           54.2
                                       Minimum               0.1               67                7.7          0.3            1.9          1.382        0.008          1.1             0.3
                                         Average              14.1             108             10.8          0.9            3.4          1.868        0.023          1.7             9.9
                                 Standard division         7.5               32                1.5          0.4            0.7          0.266        0.016          0.3             7.6
                                       Maximum            28.1             265             14.6          3.3            8.2          2.632        0.077          5.3           46.7
                                       Minimum               1.2               91                7.6          0.4            2.3          1.129        0.007          1.3             1.1
                                         Average              16.2             146             10.7          1.2            3.5          1.799        0.018          2.1             9.0
                                 Standard division         7.6               44                1.6          0.6            0.9          0.309        0.010          0.7             8.2
                                       Maximum            30.5             308             15.4          4.0            6.3          2.568        0.071          5.1           48.6
                                       Minimum               4.2             113                4.4          0.4            1.3          1.221        0.006          1.4             2.0
                                         Average              17.5             160             10.1          1.2            3.5          1.787        0.018          2.4           13.0
                                 Standard division         7.5               47                1.8          0.6            0.9          0.369        0.012          0.7           10.4
                                       Maximum            31.3             293             13.6          1.7            5.5          3.252        0.050          3.3           22.7
                                       Minimum               3.8               99                6.0          0.4            2.7          1.395        0.007          1.6             3.3
                                         Average              17.3             166             10.0          1.0            3.7          1.948        0.018          2.2             8.9
                                 Standard division         7.1               49                1.9          0.3            0.5          0.454        0.008          0.4             3.9
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Annex 1.  Continued

Station year Classification WT
(°C)

EC 
(μS/cm)

DO
(mg/L)

BOD 
(mg/L)

COD
(mg/L)

T-N
(mg/L)

T-P
(mg/L)

TOC
(mg/L)

Chl-a 
(mg/m3)

P5

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

     P5                             Maximum            27.9             321             15.7          5.0            7.2          4.359        0.259                             73.
                                       Minimum               2.0             112                1.5          1.3            2.3          1.817        0.026                             6.8
                                         Average              14.8             188                9.9          2.5            5.5          2.872        0.117                           39.3
                                 Standard division         7.4               47                3.2          1.0            1.1          0.631        0.048                           20.3
                                       Maximum            25.9             347             16.6          3.6            7.8          5.853        0.197                           95.4
                                       Minimum               0.9               52                1.2          1.1            2.7          1.028        0.020                             2.2
                                         Average              15.7             195                9.0          2.0            4.6          3.075        0.096                           23.8
                                 Standard division         7.4               63                3.4          0.7            1.2          0.958        0.040                           19.3
                                       Maximum            25.8             276             17.2          5.3            7.2          3.723        0.217                         154.9
                                       Minimum               0.5               87                7.6          0.8            2.6          1.737        0.011                             3.0
                                         Average              14.4             202              11.7          2.6            4.6          2.685        0.107                           28.2
                                 Standard division         9.3               55                3.0          1.5            1.6          0.699        0.060                           40.2
                                       Maximum            26.0             314             16.2          6.5            8.7          4.915        0.235                         118.1
                                       Minimum               2.5             133                6.8          0.8            2.8          2.315        0.045                             2.3
                                         Average              14.1             202              11.2          2.7            5.1          3.491        0.116                           25.3
                                 Standard division         8.3               47                3.2          1.6            1.5          0.817        0.059                           29.9
                                       Maximum            26.8             269             16.6          5.0            7.9          3.545        0.121          3.8           59.7
                                       Minimum               2.0               97                8.8          1.0            3.6          1.888        0.015          1.7             5.0
                                         Average              14.5             190             12.5          2.8            5.3          2.327        0.077          2.9           23.9
                                 Standard division         8.8               52                2.2          1.2            1.4          0.431        0.037          0.7           16.5
                                       Maximum            27.0             281             16.5          4.6            8.5          4.242        0.161          4.0           94.8
                                       Minimum               2.0             126                7.7          1.2            3.5          1.676        0.016          2.0             2.2
                                         Average              15.3             213              11.9          2.5            5.5          2.458        0.059          3.2           33.2
                                 Standard division         8.9               51                3.0          1.2            1.3          0.715        0.036          0.8           25.6
                                       Maximum            29.0             287             15.5          4.1            7.3          3.787        0.062          4.0           71.1
                                       Minimum               0.0             102                9.2          0.7            3.0          1.872        0.009          1.6             3.0
                                         Average              14.6             209             12.3          2.2            5.1          2.639        0.041          2.9           27.7
                                 Standard division      10.0               61                2.2          0.9            1.3          0.597        0.016          0.7           20.6
                                       Maximum            27.8             300             15.7          6.0          12.9          3.995        0.232          8.7           62.6
                                       Minimum               1.0               67                7.7          0.7            2.9          1.783        0.013          1.9             0.3
                                         Average              15.6             202              11.4          1.8            4.8          2.690        0.055          2.8           16.3
                                 Standard division         8.1               53                2.3          1.1            1.8          0.589        0.037          1.2           13.1
                                       Maximum            33.5             295             14.9          4.2            7.9          4.988        0.138          5.9           59.3
                                       Minimum               0.0             110                5.9          0.6            2.7          1.579        0.015          1.2             1.9
                                         Average              14.0             198              11.2          1.9            4.8          2.803        0.043          2.7           18.0
                                 Standard division         9.7               53                2.3          0.9            1.1          0.805        0.025          1.0           12.6
                                       Maximum            28.6             315             14.4          4.1            7.4          4.250        0.146          4.1           86.4
                                       Minimum               0.0               89                6.4          0.6            2.4          1.830        0.008          1.3             0.3
                                         Average              13.7             203              11.1          1.8            4.6          2.573        0.041          2.5           20.8
                                 Standard division         9.6               56                2.2          0.9            1.2          0.540        0.028          0.8           19.2
                                       Maximum            28.7             390             14.4          4.1            8.0          4.612        0.069          6.0           47.5
                                       Minimum               1.0             136                6.1          0.8            2.7          1.063        0.011          1.7             1.7
                                         Average              16.1             267              11.1          2.0            4.8          2.319        0.028          3.0           14.7
                                 Standard division         9.2               65                2.0          0.8            1.2          0.699        0.012          0.8           10.0
                                       Maximum            30.2             378             13.5          3.8            8.1          3.903        0.088          5.6           67.1
                                       Minimum               3.5             201                6.8          0.8            2.8          1.048        0.012          2.1             1.9
                                         Average              18.8             281             10.1          1.8            4.6          2.187        0.027          3.0           15.4
                                 Standard division         7.9               45                1.7          0.6            1.3          0.848        0.013          0.8           14.1
                                       Maximum            32.1             397             15.0          5.3            7.1          5.337        0.114          4.3           84.4
                                       Minimum               3.1             152                6.1          0.7            3.1          1.346        0.011          1.9             0.9
                                         Average              17.7             279             10.7          1.9            5.0          2.456        0.032          2.9           17.9
                                 Standard division         9.1               56                2.4          0.9            1.0          0.893        0.020          0.6           13.1
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