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요 약: 도로 증가로 산림파편화 현상이 심화됨에 따라 도로 주변의 산림이 영향을 받았을 것이란 가정 하

에 도로 거리에 따른 산림 내 온·습도 관계에 대해 연구를 진행하였다. 산림 모니터링을 통해 세동, 공주

지역의 침엽수림과 활엽수림에 대해 온·습도를 도로경계에서 산림내부까지 각각 10m, 20m, 30m 총 3개

의 지점으로 관찰하였고, 영동 지역은 도로 내부 구조물로 인해 0m, 10m, 20m 3개 지점으로 달리 관찰

하였다. 연구기간동안 수목 생장의 변화량이 적다고 판단되어, 도로에 의한 산림 내부의 온습도 변화를

2017년도 9월부터 2018년도 1월까지 각 지역 및 성상별로 도로로부터 산림내부까지 일정간격을 기준으로

온·습도를 교차, 비교하여 도로 등 선형개발로 인한 산림내부의 온·습도 변화를 정량적으로 분석하였다.

특히, 주�야간에 따라 소형기상기록장치(HOBO data logger, MX2301, Onset Corp.)를 이용해 각 지점

마다의 온·습도 변화량을 측정하였으며 월별로 평균을 구하여 각 지점 간의 특성을 분석하였다. 2017

Research Paper

환경영향평가 Vol. 27, No. 6(2018) pp.604~617       J. Environ. Impact Assess. 27(6): 604~617(2018)
https://doi.org/10.14249/eia.2018.27.6.604

ISSN  1225-7184

First Author: Jaeyong Choi, Department of Environment & Forest Resources, Chungnam National University, Daejeon 34134, Korea,
Chungnam National University, Tel: +82-42-821-7835, E-mail: jaychoi@cnu.ac.kr

Corresponding Author: Myung-Soo Park, Department of Environment & Forest Resources, Chungnam National University, Daejeon 34134,
Korea, Tel: +82-42-821-7835, E-mail: pms2556@gmail.com

Co-Authors: Seung-Hyeon Yu, Department of Environment & Forest Resources, Chungnam National University, Daejeon 34134, Korea,
Tel: +82-42-821-7835, E-mail: dnu0232@naver.com
Su-Kyung Kim, Department of Environment & Forest Resources, Chungnam National University, Daejeon 34134, Korea, Tel: +82-
42-821-7835, E-mail: soky0711@naver.com
Won-Tae Choi, Department of Environment & Forest Resources, Chungnam National University, Daejeon 34134, Korea, Tel: +82-
42-821-7835, E-mail: wontae_c@cnu.ac.kr
Wonkyong Song, Dept. of Green & Landscape Architecture, Dankook University, Cheonan-si Chungnam 31116, Korea, Tel: +82-
41-550-3636, E-mail: wksong@dankook.ac.kr
Whee-Moon Kim, Graduate School of Dankook University, Cheonan-si Chungnam 31116, Korea, Tel: +82-41-550-6273, E-mail:
wheesound@gmail.com
Seoung-Yeal Kim, Graduate School of Dankook University, Cheonan-si Chungnam 31116, Korea, Tel: +82-41-550-6273, E-mail:
rhaxod2632@gmail.com
Ji-Young Lee, Institute of Agricultural Science, Chungnam National University, Daejeon 34134, Korea, Tel: +82-42-821-7835, 
E-mail: raumde@cnu.ac.kr

Received: 27 September, 2018. Revised: 6 December, 2018. Accepted: 7 December, 2018.

06박명수(604~617)ok.qxp_환경27-6(2018)  2019. 1. 2.  오전 9:55  페이지 604



I. 서 론

도로는 국가 개발 및 경제 발전을 위해 전국에 걸

쳐 개설된다. 현재 우리나라 산림은 국토 면적의

63.2%로(Korea Forest Service 2017), 과거 교통량

이 그렇게 많지 않아 최대한 산림 지역은 피하여 선

형 개발을 진행하였으나, 교통량의 증가로 도로건설

시 산림을 파괴하며 선형개발이 진행되고 있다. 이에

뒷받침하여 2013년부터 2017년까지 최근 5년간의

국내 전체 도로 연장은 106,414km에서 110,091km

로 3.5% 증가하였으며(Minisrty of Land 2017) 임
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년 9월 공주 침엽수림의 경우, 평균 주간 온도가 산림경계에서 26.05℃로 25.48℃인 산림외부보다 0.57℃

높고 24.82℃인 산림내부보다 1.23℃ 높아 산림내부로 들어갈수록 온도가 내려갔다. 야간에는 2017년

11월 세동 활엽수림에서 산림경계가 0.04℃, 산림외부는 0.35℃, 산림내부는 0.64℃로 산림 외부에서 산

림 내부로 들어갈수록 더 높은 온도를 띄는 것을 확인할 수 있었다. 즉, 도로에 따른 산림의 온·습도 조절

능력은 도로경계에서 산림 내부로 거리가 멀어질수록 크고 변동성이 적었으며 산림 내부 성상에서는 침엽

수에서 온·습도 조절 능력이 더 큼이 확인되었다. 본 연구를 통해 도로 등 인위적 선형개발에 따른 산림 및

주변 지역의 온·습도의 높은 변화량을 야기해, 수목 생장에 영향이 있을 것으로 판단된다. 본 연구는 산림

생장의 영향을 미치는 선형개발의 정량적 범위를 파악하기 위한 연구 및 선형 개발 시 야기되는 산림 변화

의 관리를 위한 토대가 될 것이다.

주요어: 미기후 요소, 변동성, 소형기상기록장치, 산림생장, 선형개발, 산림생태계

Abstract : As the depletion of forests became more widespread due to the increase in the number

of roads, the research was conducted on the relationship between temperature and humidity in

the forests, assuming that the forests around the roads were affected. Through the forest

monitoring, the temperature and humidity of coniferous forests and broadleaf forests in Sedong

and Gongju areas were observed at three point of 10m, 20m and 30m from the road boundary to

the inside of the forest, respectively. In Yeongdong area, for more reliable results, it was observed

from the point of 0m, 10m, and 20m. During the study period, so it was expected the change in

tree growth was small, the change of temperature and humidity inside the forest by the road was

compared with the temperature and humidity from the road to the inside of the forest from

September 2017 to January 2018, the changes of temperature and humidity inside the forest due to

linear development such as roads were quantitatively analyzed. Using the HOBO data logger

(MX2301, Onset Corp.), the temperature and humidity changes of each site were measured, and

the average of the changes have been analyzed monthly. In the case of Gongju coniferous forests

in September 2017, the average weekly temperature is 0.57 °C higher than the forest outside from

the forest boundary and 1.23 °C higher than the inside of the forest, at night in November 2017, in

Sedong broadleaf forests. That is, the ability to control the temperature and humidity of the forests

along the road was larger and less variable as the distance from the road boundary to the inside of

the forest increased. In this study, it is considered that the high degree of change in temperature

and humidity of the forest and the surrounding area due to artificial linear development such as

roads will affect the growth of trees. This results could serve as a basis for studying the quantitative

scope of linear development affecting forest growth and for managing forest change caused by

linear development.

Keyword: Microclimate element, Volatility, HOBO data logger, Forest growth, Linear development,
The forest ecosystem
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도는 18,384km에서 21,064km로 14.6% 증가하였

다(Korea Forest Service 2017). 

도로건설은 생태계 훼손 등 부정적인 영향을 미

치며, 그에 따른 예시로 미국 내 도로가 개설된 지역

의 약 15-20%가 도로로 인해 생태적인 영향을 받고

있다고 보고되었다(Forman 1998). 산림 내 도로 개

설시 상층임관이 개방되며, 그에 따라 태양광선, 바

람 등 외부요인이 산림에 직접적으로 영향을 준다

(Kim & Lee 2000). 또한 산림파편화, 식물군집 고사,

외래종 침입으로 인한 새로운 종 구성 등 산림 생태

계에 변화를 가져온다(Kim & lee 2000; Hur et al.

2003;  Delgado et al.  2007;  Broadbent et al.

2008). 도로건설을 통해 산림생태계에 변화를 주는

요인 가운데 산림파편화가 특히 주목되고 있다.

산림파편화는 토지이용변화에 의해 서식지가 단절

되거나 연결 정도가 낮아져 공간적 배치가 변화함으

로써 나타나게 된다(Wiens 1989; Forman 1995). 산

림파편화는 산림의 구조 및 기능적 변화를 일으키며

생물적·비생물적 조건이 수십에서 수백 미터까지 영

향을 미치고 최종적으로 종 구성에 변화를 가진다

(Wiens 1989; Forman 1995; Murica 1995; Harper

et al. 2005). 산림에서의 온습도 변화는 식물의 생

장과 생태계 측면에 있어서 중요하다. 특히 온도의

변화는 산림 환경에 변화를 주며, 침·활엽수림 내 생

장에 영향을 미친다(Han et al. 2012).

산림파편화에 관한 주요 연구들은 산림의 규모와

거리에 따른 가장자리 효과에 대한 연구(Gehlhausen

et al. 2000; Harper et al. 2005), 생물다양성 감소

에 관한 연구가 있다. 대기온도와 상대습도를 고려하

여 도로 개설로 인해 생성된 산림파편화 현상을 알아

보고자 하는 연구도 진행되고 있다. Murcia(1995)는

대기 온도와 습도 등을 대상으로 산림파편화가 일어

난 산림 가장자리와 내부를 비교한 결과 지역 환경변

수에 따라 산림 내부로 50m 이상 거리가 될 경우 의

미 있는 변화가 없다고 이전에 보고된 바와 반대로

그 범위 안의 거리에서는 변화의 여부와 상관없이 다

양한 값을 나타낸다고 조사하였다. Delgado et

al.(2007)은 월계수림과 소나무림 내에 위치한 포장

도로와 비포장도로 부근을 대상으로 대기 중 기온은

도로 가장자리에서 산림 내부로 갈수록 기온 변화량

이 감소하는 경향을 보였다. 

대부분 국내의 산림 분야 연구는 생물다양성 변화

로 인한 공간형태분석(Kang et al. 2008; Kang et

al. 2012), 산림복원(Shin et al. 2013; Park et al.

2016), 생태통로(Jun et al. 2006)에 초점을 맞추어

이루어지고 있다. 하지만 산림파편화 지역을 대상으

로 지속적으로 온습도를 관측한 연구가 없으며, 우리

나라의 지리 여건을 고려한 대표 임상별 산림파편화

연구 또한 아직 진행되지 않았다. 또한, 산림 내 선형

개발로 인해 온·습도 변화가 산림 생장에 미치는 영

향이 파악되지 않았다. 

본 연구는 충청남도 공주시, 대전광역시 유성구,

충청북도 영동군 지역 내 도로에 인접한 침엽수림과

활엽수림을 대상으로 산림경계에서 산림내부까지 지

점별 온·습도간의 관계를 비교하여 도로가 산림에 미

치는 변화 정도를 파악하고자 한다. 도로 및 선형개

발에 의한 산림 내 온·습도 변화를 구간별, 시간대별

로 분석한 연구로서 향후 선형개발이 산림에 미치는

영향을 파악하는 기초 연구로서 활용될 것으로 판단

된다.

II. 연구방법

1. 대상지 선정

본 연구는 도로 개설에 따른 가장자리 효과의 영향

범위를 파악하고 결과 값의 차이를 좀 더 명확히 보

기 위하여 도로와 산림 경계라 할 수 있는 완충녹지

가 있는 도로를 선정하였으며, 물에 대한 영향을 배

제하기 위하여 강이나 저수지 주변은 지양하였다.

Murcia(1995)의 연구 결과와 같이 산림까지의 총 거

리를 50M 내로 지정하기 위해 도로의 폭을 20m 내

외로 지정하였고 그 과정에서 거리를 명확히 보기 위

해 왕복 4차선인 곳을 대상지로 고려하였다. 또한 성

상별로 산림 파편화가 미치는 범위를 파악하기 위해

산림 내 침엽수림과 활엽수림을 지니고 두 임상 모두

같은 도로를 면하는 것을 조건으로 선별하였다. 연구

대상지는 3곳으로, 국도 19번 중 충청북도 영동군 학

산면 봉소리 ‘압치터널’을 포함한 1km 구간(Site A),

606 환경영향평가 제27권 제6호
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Table 1.  Location of data logger installation area in sites

Value
Characteristics

GPS coordinate Distance (M) Aspect Slope (°)

Site A

coniferous forest 36.045607
127.664837

0 253.53W 12.44
10 263.65W 14.26 
20 263.65W 14.26

broadleaf forest 36.04435
127.665503

10 253.53W 15.10
20 253.53W 15.10
30 253.53W 20.92

Site B

coniferous forest 36.370478
127.262079

10 280W 15.48
20 280W 15.48
30 280W 15.48

broadleaf forest 36.37458333
17.2899111

10 249.86W 14.45
20 249.86W 14.45
30 249.86W 14.45

Site C

coniferous forest 36.304815
127.266676

10 49.18NE 13.62
20 49.18NE 13.62
30 49.18NE 13.62

broadleaf forest 36.302617
127.26765

10 54.46NE 14.08
20 54.46NE 14.08
30 54.46NE 14.08

Figure 1.  Destination area and data logger installation area Site A Chungbuk Yeongdong, Site B Chungnam Gongju, Site
C Daejeon Sedong
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국도 1번 중 충청남도 공주시 반포면 온천리 ‘박정자

삼거리’를 포함하는 1km 구간(Site B)과 대전광역시

유성구 세동 ‘세동교차로’를 포함한 1km 구간(Site

C)이다(Table 1, Figure 1). 

2. 온습도 측정

본 연구에서는 대상지의 미기후 요소인 대기온도

와 습도를 파악하기 위해 연구대상지 구역별로 산림

경계부에서 산림내부로의 거리 범위를 10m, 20m,

30m로 구분하였다. 이중 영동은 도로와 산림내부의

온습도 차이를 보기 위해 충북 영동군 학산면 봉소리

구간 도로 내 중앙분리대를 포함하여 영동 침엽수림

은 0m, 10m, 20m, 영동 활엽수림은 10m, 20m,

30m로 구분하였다. 즉, 대상지 3곳에 대하여 각 대

상지 당 활엽ㆍ침엽수림, 2개의 임상으로부터 3개의

지점을 구분하여 총 18지점을 관찰하였다. 구역 범위

에 위치한 수목에 태양광이 직접 닿지 않는 지표면으

로부터 2m 높이 이상의 수간에 소형기상기록장치

(HOBO data logger, MX2301, Onset Corp.)를 설

치하여 대기온도(℃), 상대습도(%)를 측정하였다. 차

량 통행량의 변화로 인한 산림 자체 풍향의 영향을

최소화하기 위해 도로를 등지게 하여 30분 간격으로

2017년 9월 18일부터 2018년 01월 20일까지 측정한

온습도 결과를 사용하였다. 또한 산림의 지역별 임상

위치를 확인하기 위하여 1:5000의 임상도를 ArcGIS

로 추출하여 활엽수림과 침엽수림의 지역적 차이를

확실히 했으며, 1:25000의 수치지형도에서 대상지역

의 고도를 제외한 경사, 방향을 파악하여 온습도 차

이의 영향 요소를 확인하였다.

3. 온습도 분석방법

각 거리 범위에 대해 0m의 경우 도로 내부, 10m를

산림경계, 20m를 산림외부, 30m를 산림내부로 대표

하여 구분하였으며 매 30분 단위로 측정한 각 일자의

해당 온도 중 최고온도와 최저온도를 선별해 각각 월

별로 평균을 구하여 산림경계�내�외부 온습도 변화에

대해 평균 최고온습도, 평균 최저온습도, 평균 온습도

변동성으로 나누어 지역별로 비교분석하였다.

III. 결과 및 고찰

1. 산림 경계 � 내 � 외부 온습도 변화

1) 산림경계 � 내 � 외부 온도변화

3개의 대상지역의 2017년 9월 평균 최고온도는 모

두 산림 경계에서 산림내부로 들어갈수록 온도가 저

감하는 현상을 관찰하였다. Site A의 도로 내부 온도

와 산림을 비교하였을 때 도로 내부는 29.52℃로 산

림 경계보다 3.78℃ 이상 높았으며 Site B 침엽수림

의 경우, 평균 최고온도가 산림경계에서 26.05℃로

25.48℃인 산림외부보다 0.57℃ 높고 24.82℃인 산

림내부보다 1.23℃ 높아 산림으로 들어갈수록 온도

가 저감된다는 기존의 연구(Kim et al. 2017)와 일치
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Figure 2.  Average maximum temperature in Site A Yeongdong, Site B Gongju, Site C Sedong 
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하였다(Supplementary Table 1). 즉, 연구조사지 도

로내부와 산림경계를 비교하였을 때와 산림 외부에

서 산림 내부로 들어갔을 때 최고온도가 내려가는 현

상을 확인하였다(Figure 2). 도로건설로 인한 산림파

편화에 따라 생성된 산림 외부와 내부 사이에는 온도

저감 효과가 일어남을 알 수 있다. 특이점으로 Site

A, Site B 활엽수림의 경우 산림경계의 온도가 산림

외부보다 낮은 것을 볼 수 있는데, 이는 계절에 따라

추워지면서 바람에 의해 지표면 온도가 더욱 내려가

도로의 잠열을 오히려 빼앗아 산림외부와 비교할 때

산림경계에서 보다 낮은 온도의 결과가 나오는 것으

로 보인다. Site C의 경우 전체적으로 다른 대상지역

에 비해 최고온도가 낮고 차이가 미비함을 확인할 수

있는데, 이는 다른 대상지역의 방향과 달리 Site C은

북동향임에 따라 발생한 현상으로 관찰된다. 

반대로 최저온도의 경우 2017년 11월과 같이 Site

C 활엽수림에서 산림경계가 0.04℃, 산림외부는

0.35℃, 산림내부는 0.64℃로 산림 외부에서 산림
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Figure 3. Average minimum temperature in Site A Yeongdong, Site B Gongju, Site C Sedong

Figure 4. Average temperature variability in Site A Yeongdong, Site B Gongju, Site C Sedong
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내부로 들어갈수록 더 높은 온도를 띄는 것을 확인할

수 있었다(Supplementary Table 2, Figure 3). 산

림 내부로 들어갈수록 최고온도에서는 기온저감효

과가 발생하고 최저온도에서는 온도상승효과가 발

생한다. 이는 기온저감효과가 최고기온에 더 큰 상관

(Yoon 2004)이 있고, 최저 평균온도에서 산림내부

로 갈수록 온도가 상승하는 이유는 식물이 절연체로

작용하여 온도 변동이 심하지 않게 된다(Cho 1995)

는 결과에 기인하는 현상으로 보인다.

임상에 따라 온도의 분포도 다르다는 것을 알 수

있는데 일반적으로 활엽수림이 침엽수림보다 온도가

낮게 측정되는 기존 연구들 (Kim 2004; Yoon 2004;

Hong et al. 2009; Kim & Han 2012)과는 다르게

대부분의 대상지에서 산림 내부로 들어왔을 때 활엽

수림에서 최고 평균온도가 더 높게 나왔다. 대표적으

로 2017년 9월 Site C에서 활엽수림은 침엽수림보다

산림경계에서 0.64℃, 산림외부에서 0.33℃, 산림내

부에서 0.10℃ 차이를 보였다. 이는 수목 내부의 열

이 넓은 잎의 표면에 의해 경계층에 온전히 머무르지

만 잎이 가는 침엽수림에서는 공기의 흐름이 교란되

기 때문에 온도가 더욱 내려간 것으로 보이며(Smith

et al. 2016), 11월 이후부터는 활엽수림에서는 낙엽

이 지므로 태양열을 차단시키는 그늘막이 사라지고

햇빛이 직접적으로 수간에 닿아 침엽수림과 차이가

생기는 것으로 보인다.

최고 평균온도와 최저 평균온도의 차를 통해 산림

내 온도 변동성을 알아볼 수 있는데 2017년 10월

Site B 침엽수림의 경우 산림경계에서 11.54℃, 산림

내부에서 11.26℃, 산림내부에서 10.55℃로 산림 경

계에서 내부로 갈수록 낮아 산림 내 생명체가 생존하

는데 필수적인 항상성 즉, 내온성이 안정됨을 보여준

다(Supplementary Table 3, Figure 4). 변동성은

기온이 높은 계절의 임내 온도가 임외보다 낮고 기온

이 낮은 계절의 임내 온도는 임외보다 높다는 연구결

과(Hong et al. 2009)와는 다소 다르나 숲이 존재함

으로써 더위는 낮추고 추위는 완화하는 연구와 유사

한 결과가 도출되었다.

2) 산림경계ㆍ내ㆍ외부 습도변화

온도와 반대로 평균 최고습도는 산림외부에서 높

고 산림내부는 낮은 현상이 관찰되었다. 2017년 9월

Site B 침엽수림의 평균 최고습도는 산림경계에서

95.16%, 산림외부에서 95.13%, 산림내부에서 86.47%

로 모든 시기의 연구조사지에서 산림외부가 산림내
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Figure 5.  Average humidity variability in Site A Yeongdong, Site B Gongju, Site C Sedong
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부보다 최대 8.66%에서 최소 0.51%씩 차이가 존재

하였다(Supplementary Table 4).

평균 최저습도는 Site A을 제외하고 Site B와 Site

C에서 산림외부보다 산림내부가 습도가 낮은 경우가

있었다(Supplementary Table 5). 해당 지역의 산림

내부 습도들이 일관되게 낮고 다른 수종의 습도결과

는 동일하기 때문에 이는 기상문제 혹은 지리적 문제

가 아닌 해당 연구지의 울폐도가 낮아 건조해져 일어

난 현상으로 보인다.

그러나 평균 최고습도와 평균 최고습도의 차를 구

하였을 때 모든 시기의 연구조사지에서 산림외부보

다 산림 내부의 차이가 낮았다(Figure 5). 대표적으

로 2017년 11월 영동 활엽수림에서 평균 습도변동성

은 산림외부는 47.70%지만 산림 내부는 그보다

10.09% 낮은 37.61%였다(Supplementary Table 6).

습도에 대한 항상성은 온도와 마찬가지로 유지되고

있음을 확인할 수 있었으며, 숲의 존재가 온도와 습

도를 완화한다(Hong et al. 2009)와 비슷한 결과를

보였다. 

3. 산림 경계ㆍ내ㆍ외부 온습도 현황분석 종합

본 연구는 최저 기온의 상승이 두드러져서 최고 기

온 변화 양상에 초점을 맞췄던 기존 연구들과 달리

최저기온에서 유의미한 값을 도출했다는 면에서 차

별성이 있다. 최저 기온이 높을수록 그 다음 날 수목

의 광합성 능력과 잎의 호흡, 탄수화물 상태에까지

긍정적 영향을 준다는 연구 결과(Turnbull et al.

2002)에 따라 도로 생성으로 인한 산림 파편화 현상

의 심화로 인해 수목의 생장에 악영향을 미칠 수 있

으며 이 자료는 산림 내부에서의 도로 생성이 수목의

생장에 긍정적이지 않다는 결과를 나타낸다.

이와 반대로 습도는 도로경계에서 산림 내부로 거

리가 멀어질수록 평균 최고습도는 상승하고, 최저 습

도는 감소하는 양상을 띰으로써 기온과는 반대되는

결과가 나타나지만, 평균습도변동성은 산림 외부가

높고 산림 내부가 낮아 항상성이 유지되므로 도로생

성에 따른 인접 산림 지역의 수목 생장 환경은 부정

적인 방향으로 저하되는 것을 의미한다.

또한 Site A, Site B, Site C 세 장소를 활엽수림

과 침엽수림으로 나누어 비교해 본 결과 활엽수림이

침엽수림보다 기온이 낮게 측정되는 기존 연구들

(Kim 2004; Yoon 2004; Hong et al. 2009; Kim &

Han 2012)과는 다르게 이 연구의 모든 대상지에서

산림 내부로 들어 갈수록 침엽수림보다 활엽수림의

기온이 더 높다. 이는 침엽수림의 잎의 밀도가 활엽

수림에 비해 비교적 더 빽빽하여 대기온도의 차이가

두드러지게 나타났다고 추측된다.

4. 연구의 한계

본 연구에서는 온습도 변화를 도로로부터 산림 내

부까지의 거리와 임상으로 확인하였고, 이에 따른 현

황을 제시하였다.

그러나 기상의 변화와 토지 피복도, 식생지수, 수

목의 직경과 수고 변화와 같이 실제 생장 량의 차이

를 측정하는 실질적인 요소를 반영하지 못한 한계가

있고, 이를 해결하기 위한 추가적인 현장조사가 필요

하다. 그에 더해서 수목의 CO2 함량과 차량의 이동

으로 인한 풍속의 변화와 같이 온습도 변화에 보다

영향을 주는 다른 데이터와 연계하여 추가적인 미기

후요소들에 대한 후속적인 연구와 도로와 대응되는

비교연구에 활용이 가능할 것으로 판단된다. 측정 위

치의 부족으로 인한 통계 방법론의 대한 한계는 이후

측정 장비의 증가, 원격탐사를 이용한 지표온도값 비

교 등으로 향후 연구발전이 필요한것으로 사료된다.

VI. 결 론

본 연구는 산림 지역 내 도로 건설로 인한 산림 조

각화 현상의 심화로 인한 산림 내 온습도 조절 관계

를 파악하고 저해 요인 분석을 연구하였다.

소형기상기록장치(HOBO data logger, MX2301,

Onset Corp.)와 임상도를 활용하여 지역별로 경사

도와 측면 각도가 일정하고 도로 면적이 20M 내외로

일정한 영동, 공주, 세동 세 지역을 침엽수림, 활엽수

림으로 나누어 대기온도(℃), 상대습도(%)를 측정하

고 평균 최고, 최저, 변동성을 기준으로 평균을 내 본

결과 주간, 야간 온도로 분류해서 0m, 10m, 20m 혹

은 10m, 20m, 30m 기준으로 도로에서부터 산림 내
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부로 들어갈수록 녹지의 토지피복현황과 식재층위구

조가 미기상조절효과에 미치는 영향으로 최고기온은

하강하고 최저기온은 상승하는 양상을 띰으로써 주

간에는 산림 내부로 들어갈수록 기온이 저감되고 야

간에는 산림 내부로 들어갈수록 기온이 상승한다는

결과가 나타났다. 마찬가지로 최고습도와 최저습도

간의 변동성에서도 산림내부로 들어갈수록 차이가

적어 항상성이 유지됨이 확인되었다. 또한 수종 간에

도 산림 내부일수록 침엽수림이 활엽수림보다 최고

온도가 낮음을 확인할 수 있었다.

본 연구는 도로의 영향에 대한 산림의 온습도변화

를 파악하기 위해 장기간의 데이터를 수집하여 조사

하였고, 실제 현황을 비교분석하여 제시하였다는 것

에 의의가 있다. 측정지역 표본의 부족으로 통계분석

보다는 현황을 제시했다는 한계가 있으며, 본 연구를

토대로 도로 외 피복재료의 온습도 변화를 비교하거

나 시계열 변화에 따른 차이에 대한 비교연구에 대해

추가적인 연구가 필요하다고 판단된다. 또한 온습도

데이터 수집 당시 연속적이고 보다 짧은 시기의 데이

터를 측정하였으나 이후 연도별로 온습도 데이터를

축적하여 수집하였다. 이를 토대로 연도별, 계절별

차이에 관한 후속 연구 진행이 가능하며, 도로 생성

으로 인한 산림의 온습도 변화와 변동성을 이처럼 장

기간 연구한 사례가 부족하기에 이 연구는 후에 동일

분야의 연구 배경 활용에 긍정적으로 사료된다.
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부  록
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Supplementary Table 1.  Average maximum temperature in Site A Yeongdong, Site B Gongju, Site C Sedong

Site (˚C) 09. 2017 10. 2017 11. 2017 12. 2017 01. 2018

Site A

coniferous
forest

0M 29.52* 22.81* 14.23* 6.61* 4.89*
10M 25.74 20.64 13.7 6.27 4.31
20M 24.27 19.09 11.92 4.66 2.72

broadleaf
forest

10M 25.62* 19.85* 12.46 5.25 3.4
20M 25.44 19.78 12.96* 5.57* 3.45*
30M 24.34 18.72 11.5 4.4 2.43

Site B

coniferous
forest

10M 26.05* 21.05* 12.35* 5.46* 3.62*
20M 25.48 20.64 11.89 4.99 3.25
30M 24.82 20.07 11.68 4.83 3.04

broadleaf
forest

10M 25.65* 20.3 11.5 4.69 2.79
20M 25.42 20.40* 12.08* 5.27* 3.46*
30M 25.06 20.17 12 5.02 3.28

Site C

coniferous
forest

10M 22.80* 18.01 9.71 3.46 1.62
20M 22.75 18.07* 9.75* 3.49* 1.64*
30M 22.74 18.02 9.7 3.41 1.57

broadleaf
forest

10M 23.44* 18.51* 10.19* 3.70* 1.92*
20M 23.08 18.25 10.02 3.56 1.75
30M 22.84 18.09 9.99 3.49 1.72

* for each Site, average maximum temperature of the highest

Supplementary Table 2.  Average minimum temperature in Site A Yeongdong, Site B Gongju, Site C Sedong

Site (˚C) 09. 2017 10. 2017 11. 2017 12. 2017 01. 2018

Site A

coniferous
forest

0M 13.19 9.36 -0.4 -4.78* -6.32*
10M 12.98* 9.21* -0.45* -4.66 -6.26
20M 13.14 9.29 -0.23 -4.41 -6.04

broadleaf
forest

10M 13.02* 9.20* -0.29* -4.48* -6.08*
20M 13.15 9.35 -0.11 -4.31 -5.93
30M 13.21 9.44 0.24 -4.07 -5.61

Site B

coniferous
forest

10M 13.82 9.5 0.11 -3.69 -5.9
20M 13.71* 9.38* 0.09* -3.77* -6.08*
30M 13.79 9.52 0.22 -3.68 -6.01

broadleaf
forest

10M 13.8 9.35* -0.14* -3.93* -6.19*
20M 13.73* 9.61 0.08 -3.81 -6.14
30M 13.9 9.7 0.26 -3.68 -6.01

Site C

coniferous
forest

10M 14.03* 10.16* 0.23* -4.01* -5.83*
20M 14.34 10.42 0.7 -3.62 -5.29
30M 14.63 10.72 1.08 -3.54 -5.15

broadleaf
forest

10M 13.97* 10.06* 0.04* -4.06* -5.81*
20M 14.16 10.25 0.35 -3.96 -5.66
30M 14.38 10.48 0.64 -3.87 -5.51

* for each site, the lowest average temperature of the lowest
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Supplementary Table 3.  Average temperature variability in Site A Yeongdong, Site B Gongju, Site C Sedong

Site (˚C) 09. 2017 10. 2017 11. 2017 12. 2017 01. 2018

Site A

coniferous
forest

0M 16.33* 13.44* 14.63* 11.39* 11.21*
10M 12.77 11.43 14.14 10.93 10.57
20M 11.13 9.8 12.15 9.07 8.76

broadleaf
forest

10M 12.60* 10.65* 12.75 9.72 9.48*
20M 12.29 10.43 13.06* 9.88* 9.38
30M 11.13 9.28 11.26 8.47 8.03

Site B

coniferous
forest

10M 12.24* 11.54* 12.24* 9.15* 9.53*
20M 11.76 11.26 11.81 8.76 9.33
30M 11.02 10.55 11.47 8.51 9.04

broadleaf
forest

10M 11.85* 10.95* 11.64 8.62 8.99
20M 11.69 10.79 12.00* 9.08* 9.60*
30M 11.16 10.47 11.75 8.7 9.29

Site C

coniferous
forest

10M 8.77* 7.85* 9.48* 7.47* 7.45*
20M 8.41 7.65 9.05 7.11 6.93
30M 8.11 7.3 8.61 6.95 6.72

broadleaf
forest

10M 9.47* 8.45* 10.15* 7.75* 7.73*
20M 8.92 8 9.67 7.52 7.41
30M 8.46 7.61 9.35 7.36 7.22

* is the most variable average temperature for each site 

Supplementary Table 4.  Average maximum humidity in Site A Yeongdong, Site B Gongju, Site C Sedong

Value (%) 09. 2017 10. 2017 11. 2017 12. 2017 01. 2018

Site A

coniferous
forest

0M 94.64 95.33 88.57 87.13 88.74
10M 96.91* 97.18* 89.76* 88.23* 90.04*
20M 96.16 97.17 89.22 87.49 88.96

broadleaf
forest

10M 95.44* 95.98* 88.07* 86.74* 88.00*
20M 95.04 95.83 87.85 86.31 87.39
30M 91.18 94.13 84.1 83.26 83.82

Site B

coniferous
forest

10M 95.16* 94.36 88.19* 86.24* 88.68*
20M 95.13 94.42* 87.75 85.77 88.06
30M 86.47 90.7 86.88 85.26 87.5

broadleaf
forest

10M 92.11 92.43 85.15 84.08 86.93
20M 95.64* 94.64* 88.81* 87.08* 89.97*
30M 94.83 93.8 87.2 86.04 88.35

Site C

coniferous
forest

10M 93.54* 90.29* 87.79* 85.75* 88.84*
20M 92.88 88.98 86.41 84.44 86.45
30M 91.21 87.33 84.64 83.75 85.65

broadleaf
forest

10M 92.91 89.75 87.09 85.17 87.68
20M 93.78* 90.28* 87.57* 85.97* 88.16*
30M 92.1 88.73 85.84 84.65 86.41

* for each Site, average maximum humidity of the highest
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Supplementary Table 5.  Average minimum humidity in Site A Yeongdong, Site B Gongju, Site C Sedong

Value (%) 09. 2017 10. 2017 11. 2017 12. 2017 01. 2018

Site A

coniferous
forest

0M 38.33* 47.50* 36.31* 44.64* 45.96*
10M 52.59 58.56 40.41 47.15 50.58
20M 54.28 60.54 41.45 47.61 51.01

broadleaf
forest

10M 49.74* 56.99* 41.35 47.55 50.59
20M 50.14 57.55 40.15* 46.53* 49.48*
30M 54.22 62.9 46.49 50.84 54.64

Site B

coniferous
forest

10M 49.07* 50.34* 40.49* 45.41* 51.72*
20M 51.44 52.35 41.84 46.96 53.35
30M 54.08 54.79 42.87 47.62 53.95

broadleaf
forest

10M 56.72 58.59 49.17 52.93 60.33
20M 52.61* 53.49* 42.15 47.07 54.54*
30M 53.53 54.15 41.75* 46.69* 54.56

Site C

coniferous
forest

10M 62.59 63.33 53.37 55.52 60.78
20M 61.54 60.55 50.92 53.62 58.64*
30M 61.16* 59.90* 50.76* 53.53* 58.74

broadleaf
forest

10M 60.73* 60.31* 50.43 54.43* 58.51*
20M 61.3 60.64 50.29* 54.58 59.04
30M 63.21 62.1 51.5 55.31 59.48

* for each site, average minimum humidity of the lowest

Supplementary Table 6.  Average humidity variability in Site A Yeongdong, Site B Gongju, Site C Sedong

Value (%) 09. 2017 10. 2017 11. 2017 12. 2017 01. 2018

Site A

coniferous
forest

0M 56.31* 47.83* 52.26* 42.49* 42.78*
10M 44.32 38.62 49.34 41.07 39.46
20M 41.88 36.62 47.76 39.88 37.95

broadleaf
forest

10M 45.70* 38.99* 46.71 39.19 37.41
20M 44.9 38.27 47.70* 39.78* 37.91*
30M 36.96 31.23 37.61 32.42 29.17

Site B

coniferous
forest

10M 46.09* 44.03* 47.70* 40.83* 36.96*
20M 43.69 42.07 45.92 38.8 34.71
30M 32.39 35.92 44.02 37.64 33.55

broadleaf
forest

10M 35.39 33.84 35.99 31.15 26.6
20M 43.03* 41.16* 46.67* 40.01* 35.44*
30M 41.3 39.65 45.45 39.35 33.79

Site C

coniferous
forest

10M 30.95 26.96 34.43 30.23 28.06*
20M 31.34* 28.43* 35.49* 30.82* 27.81
30M 30.05 27.43 33.88 30.22 26.9

broadleaf
forest

10M 32.18 29.44 36.66 30.74 29.17*
20M 32.48* 29.65* 37.28* 31.39* 29.13
30M 28.89 26.63 34.35 29.34 26.93

* is the most variable average humidity for each site
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