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�Ù!1���a"‚�y�!���«�)�¹���-$Ý�¹��(*�¥�‘+%�1��$Í�í���ø���ý���‘�"��

*e�"�¥�� �¹�Y)½�E . ��
��� �‘+%�õ�í�¹�� �a"‚�s�Õ�� �v�=�å(MÝ�� 	‘

Ù�E�Õ���a!��½�� 3�¥�1�� 2�é���v�%�õ���v�"�õ�e�� ((*�A�•�½�á%‘�� ±1 

(½�a(� ‰ )�1��	E���ä�Õ�A�� 1�é���v�%�õ���Õ���õ�eÝ���ø���ù�Ñ , *¶Á

�b�•�½�� 30�¥�1�� 1�é���v�%�õ��(*�A�•�½�á%‘��(½�a(� ‰�� 2�‘���õ�e

Ý�� �ø���ù�õ�� �Õ�"�‘�"�Õ�� �ù%!�ù�í�� �}�E�� (Yun et al., 2015). 

�™�%�‘�"�‘�Í�� (WMO; World Meteorological Organization)�1

�}�õ�� 25�¥�1�� 1*í�� �v�%�w�1�� �ù%!�ù�!�� �«�õ�� �v�%�¹�� '��Õ)¹�A��

�¥�]�� 	=�™���‘�"*e�"�•�½���v�¹)¹�õ�Ñ , 25�1�� 1*í�� �Y�-�¹��!ý*e

*¶Á��(4%)�¡���Y���	�2�I�Õ���v�=�å(MÝ��)¹�A���é�E�A���a�v)¹�Õ��

(*�A�•�½�á%‘��(½�a(� ‰�� 2�‘���õ�e���Õ�"�¹��(� ‰Ý���ù%!���õ��*e

�"�¥���1)½�E . )¹�!�- , �‘�"*e�"�¹���}�>�Õ���v*¶)¹�í���v�=�å(M

Ý�� 	‘Õ�!�� �«�•�!�½�� �Y�Î�� )Õ�ò�a�‘!��� �Î�a�‘+%�ñ-�•%‘��

(NCDC; Natinal Climatic Data Center)�1�}�õ��)½���!�N�1�}���]

�Ñ�1���a"‚�}���‘�"�ñ-Ý��$Í�‘���}�•�½���ù�U)¹�M��!½�"�e�� (!½)¹

�e) 10% �Õ���1��	E�Õ , �ê��10�¥�1��)½�é���Y�-�•�½���}�>)¹�Õ���Õ

�"�‘�"�•�½�� �e�])¹�A�� �é�E . �y�Õ�1�� �Ý�á�1�}�õ�� �*í�b�� "‚�Õ

�1�}���Õ�"�‘�"�¥���H�¡���‘�e�1���*í�ù���Ù�æ�1���r�a)½���b*��¥��

�Ý"½�� �‘�"*e�"�•�½�� �1)¹�õ�� �����%�� �é�E .

�Õ�"�‘�"�]�� �a�‰�}�� �Î���¹�� �Q�Í���]Ý�� ��(��U�Õ , Heo et 

al. (2006)�¡���‘�‰�1���a)½����'��i���a���M)½���Må�]���	��!��1��

�a)¹�M���!�N�%���Õ�"�‘�‰�¹��!ý*e��'��’�¥���å�~)¹�a�E . Choi et 

al. (2008)�¡�� !½�]�¹�� ����ù�Ý�� �‘�‰�� �p�� �v�y�*�1�� �a)½�� (*�A , 

�Y��A���Z�I�b�•�½���Ý���ù�õ��*e�"�1���a)½���=�e�]���V�e�b���!

*µ���Q�ÍÝ��&�)Õ�}��!½�]�� 35�¥���:�©������ù�Ý�õ��(*�A�b�•�½���	

��!��� �Ý�� !½�A�� (!½�a)�‘�‰�¡�� +0.60°C/10�¥�� (+0.54°C/10�¥)�¹��

�¥�‰�½���"��)½���y�Õ , �Må!����Z)½���‘�‰�¹��(*�A�¡��&��%�b�•�½��

�•�¹�Y)½���!*µÝ���ù%!���!���«�õ�E�A��)¹�a�E . 
q)½, Lee et al. 

(2010)�¡���Ý�%�� 30�¥���‘+%��(*�¥�s�¥���Í)¹�A , �Y��(*�¥�s�]�¹��(�

 ‰�½�� �Õ�"�a�‰�]�� �Õ�"�A�‰�¹�� !ý*e�Ý�yÝ�� �%��)¹�M , �!�N�%��

�Õ�"�‘�‰�¹���å(M��'��6�¥���å�~)¹�a�E . �Y�����] , �:)Õ�©�!�N�Õ��

�EÙ���!�N�U�E���‘+%)º�b�•�½���‘�‰���!�:��(N�Õ���"�a�b�•�½��$Ñ��

�!�N�•�½��(*�a)¹�a�E . !½�]�1�õ�� Shim et al. (2013)�Õ��Lee et 

al. (2010)�]���•�)½���Š�ö�•�½������ù�Ý���î�&�‘+%�!�a�%���Õ�"

�‘�‰�¹�� !ý*e'��’�¥�� �å�~)¹�M , !½�]�� ����ù�Ý�1�}�õ�� �‰�ý*µ��

*e�"�•�½���Õ�"�A�‰��*e�"�Õ���ù���ù�A���Õ�"�a�‰��*e�"�Õ���e��	=

�õ����*��Õ�Ý�A���U�A)¹�a�E . 
q)½, Shim et al. (2014)�¡���Õ�"

�Ý�Ñ�¹��!ý*e��'��’��(*�aÝ��&�)Õ�}��!½�]������ù�Ý�õ���Õ�"�E�Ñ��

*e�"�¡���e��	E�A���Õ�"�]�Ñ�� (�Ý�Ñ�á�Ò ) *e�"�Õ���ù���ù�õ����*�

�Õ�Ý�A�� �U�A)¹�a�E .

�Õ�"�‘�"�¹���}�>�]���a�‰�}���Õ�¡���z�¡���•)ê���Q�Í	E�¡���‘�‰ , 

�v�y�* , �Ý�Ñ�=�e�� 	R�¹�� �‘�"�õ�íÝ�� �}�%�b�•�½��*½�
)¹�M�� �Õ

�"�‘�‰ , �Õ�"�v�y , �Õ�"�Ý�Ñ�¹���}�>��*e*Ê�¥���b�b���å�~)¹�a�¥��

�1 , �Õ	E��3�a�!�� �‘�"�õ�íÝ�� �	�±�� �A�…)¹�M�� �æ)Ê�b�•�½�� �å�~

)½���Õ�"�‘�"�a�‰���Q�Í�����]Ý���Î���1�}���U�A)½����¡�õ���E����

	=�•�E . 	‘�Ý�}���Y���Q�Í�1�}�õ���ò�•�¹���>�‚�]���>���’�1���¥�]��

�a�r)¹�í�� �a�‰�Õ�� �é�õ�� 3�a�!�� �‘�"�õ�íÝ�� �	�±��*½�
)¹�M�� !~��

6�a�!�¹���Õ�"�‘�"�� (�A�‰, �a�‰, �E�� , �]�� , �E�Ñ, �]�Ñ )�¹���}

�>*e*Ê�¥�� �= ·�V�e�b�•�½�� �å�~)¹�a�A , �Y�� ���]Ý�� �î�&�á�™�¹��

�‘�"�)Õ�� )•)Õ�a�q�¥�� �e)½�� �v ¦�¹�� �‘!i�ñ-�½�� *½�
)¹�A�ñ��

)¹�a�E .

2. 재료 및 방법

2.1 기상자료 수집

�‘�"!��� �í�î�� 61�}�í�¹�� �‘�"�a�� *š�¡�� �a"‚�í�� (Fig. 1)�1�}��

1981�¥�á%‘�� 2016�¥��!�� 36�¥�e���a"‚�}�� �Ý�%���‘�"�ñ-Ý���Î

�a�‘+%�Ñ�Õ%‘�•%‘�� (NCDSS, 2017)�½�á%‘���E���|�¥�} , �Õ�"�‘

�"�� �å�~�¹�� �‘�Y�ñ-�½��*½�
)¹�a�E . �Õ�"�‘�"�¹�� �å�~�1��*½�


)½�� �‘�"�õ�í�õ�� �‘�‰ , �v�y�* , �Ý�Ñ�=�e�� 	R�� 3�a�!�Õ�E .

2.2 이상기상 분석

61�}���a"‚�!�q�¹���Q�%�%���Õ�"�‘�"���}�>+��y�õ�� WMO�1�}��

�v�¹)½�� �Š�>�•�½�� �%��)¹�a�E . �Y�� �Q�Í�1�}�� �y)ê)½�� �Õ�"�‘�"

�¹���%�����i ‰Ý���e�I+é���…�æ)¹�Õ , �b���a"‚�!�q�¹���Ý�%���‘�"�ñ

-Ý��*½�
)¹�M�� 10�Ý��(旬) �e�
�¹��(*�A�� (�‘�‰ ) �p���e�b�� (�v�y�* , 

�Ý�Ñ�=�e ) �‘�"�s�¥���%!ý)½��+% , �Õ	E�1���a)½���Ñ��‘�e�� (36�¥)

�¹��(*�A�� (M) �p��(½�a(� ‰�� (S)Ý���b�b���%��)¹�a�E . �Y��A���Z

)Õ�Q�%�¹���}�%���‘�"�s�1���a)½��(*�A�� (M) �‘�"�s�¹��(� ‰Ý���%

��)½���E� , �Y��(� ‰���ê��(*�A(� ‰�a�� S�U�E��2�‘���Õ�"�•�½���ó�Ñ

�ù���/�•�Õ���Õ�"�A�‰�� (異常高溫, abnormally high temperature), 

�Õ�"�E���� (異常多雨, abnormally much precipitation), �Õ�"�E�Ñ��

(異常多照, abnormally long duration of sunshine) *e�"�¹���}�>

�•�½ , 2�‘�� �Õ�"�•�½�� ���Ñ�ù�� �b�•�Õ�� �Õ�"�a�‰�� (異常低溫, 

abnormally low temperature), �Õ�"�]���� (異常寡雨, abnormally 

little precipitation), �Õ�"�]�Ñ�� (異常寡照, abnormally short 

duration of sunshine) *e�"�¹�� �}�>�•�½�� �b�b�� �v�¹)¹�a�E��

(Shim et al., 2013; 2014).

2.3 통계 분석 및 공간 분포도 작성

�]�Ñ�� 36�¥���:�©�1���Õ�"�‘�"���}�>+��y�¹���þ�q����*��’�1���a

)Õ�}�õ��*í�!�å�~�¥��&�)Õ�}�� 0.05�¹�� �A��� �y�a�1�}�� �•�¹�’�� �M

�áÝ��'q�I)¹�a�E . �Õ�"�‘�"�¹���•*v�%���Q��(*�A���}�>+��y�¹���V
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Fig. 1. Location of weather stations of Korea Meteorological Administration used in this study.

�e���å(M�%�õ��ArcGIS (ESRI Inc.)�¹�� ArcMap 10.1 �å�e�1�}���}

�V)¹�õ�� �V�e�å�~�� �%�Í�� (spatial analysis tool)Ý�� �Õ�
)¹�a�A , 

�V�e�������¡���N�Ñ��a�r�ö�� (IDW: Inverse Distance Weighted 

method)�¥�� �•%>)¹�a�E .

3. 결과 

3.1 기상요소의 연 변화

3.1.1 기온

1981�¥�á%‘�� 2016�¥��!���]�Ñ�� 36�¥���:�©�1���Î���� 61�}���a"‚

�!�q�¹�� �Q�� (*�A�‘�‰�¹�� (*�A�¡�� 12.6°C�½�� �Ñ��y�)�E . �Ñ��‘

�e���:�©�1���Q��(*�A�‘�‰�¡�� 10�¥�1�� 0.316°C�Š���þ�a)¹�õ����*��Õ

�A, �þ�a�� ��*��¡�� &��%�b�•�½�� �•�¹)½�� �ä�•�½�� �å�~�y�)�E��

(p<0.001). �]�Ñ�� 36�¥���:�©�1���Q��(*�A�‘�‰�¡�� 2016�¥�1�� 13.7°C

�½�� �a���� �ó�¹�A , 1981�¥�1�� 11.5°C�½�� �a���� ���¹�•�Ñ , �Õ	E�¹��

 ‰�Õ�õ��2.2°C�Õ�)�E�� (Fig. 2a).

3.1.2 강수량

�]�Ñ�� 36�¥���:�©�1���Q���v�y�*�¹��(*�A�¡�� 1,358.1 mm�½���Ñ�

�y�)�E . �Ñ��‘�e���:�©�1���Q���v�y�*�¡���Þ�e���þ�a)¹�õ����*��Õ

�)�•�ù , �Y�� ��*��¡��&��%�b�•�½�� �•�¹)¹�!�� �«�¹�E . �E�- , �Ñ�

�‘�e���:�©�1�� 6~7�¥���]�‘�½�� 1,000 mm ���Ù�¹���b�¡���v�y*e�"

�Õ�� �ù%!�ù�õ�� �ä�•�½�� �a ‘�y�)�E . �Q�� �v�y�*�¡�� 2003�¥�1��

1,913.3 mm�½���a�����/�¹�A , 1988�¥�1�� 898.0 mm�½���a�����b�)

�•�Ñ , �Õ	E�¹��  ‰�Õ�õ�� 1,015.3 mm�Õ�)�E�� (Fig. 2b).

3.1.3 일조시간

�]�Ñ�� 36�¥���:�©�1���Q���Ý�Ñ�=�e�¹��(*�A�¡�� 2,227.5 hr�•�½���Ñ

��y�)�E . �Q�� �Ý�Ñ�=�e�¡�� �Ñ��‘�e�� �:�©�1�� �q�í)¹�õ�� ��*��Õ

�)�A , �q�í�� ��*��¡�� &��%�b�•�½�� �•�¹)½�� �ä�•�½�� �å�~�y�)�E��
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Fig. 2. Changes in annual mean air temperature (a), precipitation (b), and duration of sunshine (c) from 1981 
through 2016. The solid line is the average, and the dotted line is the trend.

   

Fig. 3. Frequency of occurrence of abnormally high (a) and low (b) air temperature from 1981 through 2016. The 
solid line is the average, and the dotted line is the trend.

(p=0.0015). �Q�� �Ý�Ñ�=�e�¹�� �q�í�� ��*��¡�� 2010�¥��!�� 
ý�̃ )é

�•�ù , �Y���Õ+%�½�õ���þ�a)¹�M��(*�A�]���¥��)¹�Ñ�ù���Ñ�i���/�í���•

�!�y�A�� �é�õ�� �ä�•�½�� �Ñ��y�)�E . �Q�� �Ý�Ñ�=�e�¡�� 1982�¥�1��

2,479.9 hr�•�½�� �a���� �/�¹�A , 2007�¥�1�� 1,924.0 hr�•�½�� �a����

�b�)�•�Ñ , �Õ	E�¹��  ‰�Õ�õ�� 555.9 hr�Õ�)�E�� (Fig. 2c).

3.2 이상기상의 연 변화

�Y���Ý�™�1�}�õ���Õ�"�‘�"���}�>�¥���‘�"�õ�í�1��	‘�Ý��$Í�í�� 3�a

�!�� (�Õ�"�‘�‰ , �Õ�"�v�y , �Õ�"�Ý�Ñ )�½���Í�å)¹�a�A , �Õ	E�¥���ó

�A��(*š�¡���/�A ) ����� (*š�¡���b� )�1��	‘�Ý��!õ�a���Í�å)¹�M��!~�� 6

�a�!�� (�Õ�"�A�‰ , �Õ�"�a�‰ , �Õ�"�E�� , �Õ�"�]�� , �Õ�"�E�Ñ , �Õ

�"�]�Ñ )�½�� �™�å)¹�a�E . �]�Ñ�� 36�¥�� �:�©�1�� �Q�e�� �}�>)½�� �}�%��

(10�Ý�� �e�
 ) �I�e�¹�� �Õ�"�‘�"�� �}�>+��yÝ�� �•*v�%�½�� �å�~)½��



최근 우리나라의 이상기상 발생횟수의 변화 465

http://www.ekscc.re.kr

   

Fig. 4. Frequency of occurrence of abnormally much (a) and little (b) precipitation from 1981 through 2016. The 
solid line is the average.

   

Fig. 5. Frequency of occurrence of abnormally long (a) and short (b) duration of sunshine from 1981 through 2016. 
The solid line is the average, and the dotted line is the trend.

���]�õ�� �E��]�� �z�E .

3.2.1 이상기온

�Õ�"�‘�‰�¡����
����=�‘�¹���‘�‰�Õ���:�Ý���=�‘�¹�����‘�e��(*�A��

(�M�‘�}�õ�� 36�¥)�1���a)½�� ‰�Õ�a��(½�a(� ‰�U�E��2�‘���Õ�"���ó�A��

�/��1��	‘�Ý���Õ�"�A�‰�]���Õ�"�a�‰�•�½���Í�å)Á���y���é�E . �]�Ñ��

36�¥�� �:�©�1�� �Õ�"�‘�‰�¹�� �}�>+��y�õ�� �Q�� (*�A�� 1.69*í�Õ�)�A , 

�Õ�r�1�� �Õ�"�A�‰�]�� �Õ�"�a�‰�¹�� �}�>+��y�õ�� �b�b�� 0.84*í�¡��

0.85*í�½�� �}�½�� �¥��)¹�a�E . �Õ�"�‘�‰�¹�� �}�>+��y�a�� �a���� �/

�¡���!�q�¡��"
�â��!��]�½���Q��(*�A�� 2.11*í���}�>)¹�a�A , �a�����b

�¡���a"‚�!�q�¡���}�]���’���•�½���Q��(*�A�� 1.25*í���}�>)¹�a�•�Ñ , 

�Õ	E����Õ�¹�� ‰�Õ�õ���Q��(*�A�� 0.86*í�Õ�)�E�� (Fig. 8a). �Q�%�%

�½�õ�� �Õ�"�‘�‰�Õ�� 2002�¥�1�� 4.75*í�� �}�>)¹�M�� �a���� �/�¹�A , 

1982�¥�1�� 0.18*í�� �}�>)¹�M�� �a���� �b�)�E�� (Fig. 7a).

3.2.1.1 �Õ�"�A�‰

�Õ�"�A�‰�¹�� �}�>+��y�õ�� �]�Ñ�� 36�¥�� �:�©�1�� �þ�a)¹�õ�� ��*�

�Õ�)�A , �þ�a�� ��*��¡��&��%�b�•�½�� �•�¹)½�� �ä�•�½�� �å�~�y�)�E��

(p<0.001). �Q�%�%�½�õ, �Õ�"�A�‰�Õ�� 2014�¥�1�� 3.02*í�� �}�>)¹

�M���a�����/�¹�E . �y�Õ�1�� 1995�¥�]�� 1996�¥�1�õ���Õ�"�A�‰�Õ���	

	A�� �!�q�1�}�� �e*a�� �}�>)¹�!�� �«�¡�� �ä�•�½�� �Ñ��y�)�E�� (Fig. 

3a). �!�q�%�½�õ , �v�1���1�]�õ���Õ�"�A�‰�Õ���]�Ñ�� 36�¥���:�©�1��

�Q�� (*�A�� 1.17*í�� �}�>)¹�M�� �a���� �/�¡�� �T�Õ�)�A , ���	�� �Ñ�}�õ��

1.14*í�� �}�>)¹�M�� �E��•�½�� �/�¡�� �T�•�½�� �Ñ��y�)�E . �y�Õ�1��

���â���™���¡���Q��(*�A�� 0.56*í���}�>)¹�M���Ñ����!�q�r�1�}�õ���a

���� �b�¡�� �T�•�½�� �Ñ��y�)�E�� (Fig. 6a).

3.2.1.2 �Õ�"�a�‰

�]�Ñ�� 36�¥�� �:�©�1�� �Õ�"�a�‰�¹�� �}�>+��y�õ��&��%�b�•�½�� �•

�¹)¹�í�� �q�í)¹�õ�� ��*��Õ�)�E�� (p=0.025). �Õ�"�a�‰�¹�� �}�>+�

�yÝ���Q�%�%�½����(��U�Õ , 1984�¥�1�� 3.66*í���}�>)¹�M���a�����/

�¹�E . �y�Õ�1�� 2004�¥�]�� 2016�¥�1�õ���		A���!�q�1�}���Õ�"�a�‰

�Õ���}�>)¹�!���«�¹�E�� (Fig. 3b). �!�q�%�½�õ , "
�â���} ý�]���U�¡��

�p��"
�	���i���1�}���Õ�"�a�‰�Õ���Q��(*�A�� 1.11*í���}�>)¹�M���a����
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Fig. 6. Spatial distribution map of the frequencies of abnormal high air temperature (a), low air temperature (b), 
much precipitation (c), little precipitation (d), long duration of sunshine (e), and short duration of sunshine 
(f) per year from 1981 through 2016.

�/�Õ���}�>)½���T�Õ�)�A , �}�]���’���¡�� 0.5*í���}�>)¹�M���a�����b

�í�� �}�>)½�� �T�•�½�� �Ñ��y�)�E�� (Fig. 6b).

3.2.2 이상강수

�Õ�"�v�y�õ����
����=�‘�¹���v�y�*�Õ���:�Ý���=�‘�¹�����‘�e��(*

�A��(�M�‘�}�õ�� 36�¥)�1���a)½�� ‰�Õ�a��(½�a(� ‰�U�E�� 2�‘���Õ�"���/

�A���b��1��	‘�Ý���Õ�"�E���¡���Õ�"�]���½���Í�å)Á���y���é�E . �]�Ñ��

36�¥���:�©�1���Õ�"�v�y�¹���}�>+��y�õ���Q��(*�A�� 6.7*í�Õ�)�A , �Õ

�r�1�� �Õ�"�E���a�� 2.09*í , �Õ�"�]���a�� 4.61*í�� �}�>�y�� , �Õ�"

�E���1�� �¥)Õ�� �Õ�"�]���¹�� �}�>+��y�a�� 2�‘�� �Õ�"�� �/�¡�� �ä�•�½��

�Ñ��y�)�E . �Õ�"�v�y�¹���}�>+��y�a���a�����/�¡���T�¡�����â���b

�¶�•�½�� �Q�� (*�A�� 8.67*í�� �}�>)¹�a�A , �a���� �b�í�� �}�>)½�� �T�¡��

���â����ê�•�½�� 4.83*í���}�>)¹�a�E�� (Fig 8b). �Q�%�%�½�õ, 1997

�¥�1�� �Õ�"�v�y�¹�� �}�>+��y�a�� (*�A�� 10.93*í�½�� �a���� �/�¹�A , 

1983�¥�1�õ��(*�A�� 3.92*í�¹���Õ�"�v�y�a���}�>)¹�M���a�����b�)�E��
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Fig. 7. Frequency of occurrence of abnormal air temperature (a), precipitation (b), duration of sunshine (c), and 
weather (d) from 1981 through 2016. The solid line is the average, and the dotted line is the trend. 
Abnormal weather (d) means the combination of abnormal air temperature (a), abnormal precipitation (b), 
and abnormal duration of sunshine (c).

(Fig. 7b).

3.2.2.1 �Õ�"�E��

�]�Ñ�� 36�¥�� �:�©�1�� �Õ�"�E���¹�� �}�>+��y�õ�� �Q�%�%�½�� �!�:

�Õ���M)é�A, �þ�q�¹����*��Õ��
ý�̃ )¹�!���«�¹�E . �Q�%�%�½�õ��1989

�¥�1���Õ�"�E���¹���}�>+��y�a��(*�A�� 4.11*í�½���a�����/�¹�A , �Y��

�e��)Õ�Ù��1988�¥�1�� 0.4*í�½���}�>+��y�a���a�����b�)�E�� (Fig. 4a). 

�!�q�%�½�õ , ���â�� �b ý�]�� ���	��&��b�Õ�� �]�Ñ�� 36�¥�� �:�©�1�� �Q��

(*�A�� 2.33*í���}�>)¹�M���a�����/�Õ���}�>)½���T�Õ�)�A , �e�â���á�©

�Õ���Q��(*�A��1.81*í�½���}�>+��y�a���a�����b�¡���T�•�½���Ñ��y�)

�E��(Fig. 6c).

3.2.2.2 �Õ�"�]��

�Õ�"�]���¹���}�>+��y�õ���Õ�"�E���¡���z�Õ���Q�%�%�½���!�:�Õ��

�E�í�� �M)é�A , �þ�q�¹�� ��*��%�� 
ý�̃ )¹�!�� �«�¹�E . �Q�%�%�½�õ��

1988�¥�1���Õ�"�]���a�� 9.64*í���}�>)¹�M���a�����/�¹�A , 2003�¥

�1�õ�� 2.31*í���}�>)¹�M���a�����b�)�E�� (Fig. 4b). �!�q�%�½�õ , ��

�â���b�¶�Õ���]�Ñ�� 36�¥���:�©�1���Q��(*�A�� 6.56*í�¹���Õ�"�]���a���}

�>)¹�M�� �a���� �/�¹�A , ���â�� ��ê�Õ�� �Q�� (*�A�� 2.78*í�� �}�>)¹�M��

�a���� �b�¡�� �T�•�½�� �Ñ��y�)�E�� (Fig. 6d).

3.2.3 이상일조

�Õ�"�Ý�Ñ�õ�� ��
��� �=�‘�¹�� �Ý�Ñ�=�e�Õ�� �:�Ý�� �=�‘�¹�� ���‘�e��

(*�A�� (�M�‘�}�õ�� 36�¥)�1���a)½�� ‰�Õ�a��(½�a(� ‰�U�E��2�‘���Õ�"��

�/�A���b��1��	‘�Ý���Õ�"�E�Ñ�¡���Õ�"�]�Ñ�½���Í�å)Á���y���é�E . �]

�Ñ��36�¥���:�©�1���Õ�"�Ý�Ñ�¹���}�>+��y�õ���Q��(*�A�� 1.44*í�Õ�)

�A, �Õ�r�1�� �Õ�"�E�Ñ�a�� 0.48*í , �Õ�"�]�Ñ�a�� 0.96*í�� �}�>)¹�M��

�Õ�"�]�Ñ�¹�� �}�>+��y�a�� �Þ�� 2�‘�� �/�¡�� �ä�•�½���Ñ��y�)�E . �Q

�%�%�½�õ, 2015�¥�1�� �Õ�"�Ý�Ñ�¹�� �}�>+��y�a�� (*�A�� 3.87*í�½��

�a�����/�¹�A , 1988�¥�1��(*�A�� 0.36*í�½���a�����b�)�E . �Õ�"�Ý�Ñ

�¹�� �Q�%�%�� �}�>+��y�õ�� �þ�a)¹�õ�� ��*��Õ�)�A , &��%�b�•�½�� �•

�¹)½���ä�•�½���å�~�y�)�E�� (p<0.001) (Fig. 7c). �!�q�%�½�õ , �]

�Ñ��36�¥���:�©�1���v�1���a�a�š�1�}���Q��(*�A�� 2.03*í�¹���Õ�"�Ý�Ñ

�a�� �}�>)¹�M�� �a���� �/�¹�A , �v�1��*® ý�]��"
�	�� �U�š�1�}�õ�� �Q��

(*�A�� 1.06*í�� �}�>)¹�M�� �a���� �b�)�E�� (Fig. 8c). 
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Fig. 8. Spatial distribution map of the frequencies of abnormal air temperature (a), precipitation (b), duration of 
sunshine (c), and weather (d) from 1981 through 2016.

3.2.3.1 �Õ�"�E�Ñ

�]�Ñ�� 36�¥�� �:�©�1�� �Õ�"�E�Ñ�¹�� �}�>+��y�õ�� �Q�%�%�½�� �þ�q��

��*��Õ��
ý�̃ )¹�!���«�¹�•�ù�� 2013�¥���Õ+%�½�õ��(*�A�U�E��2�‘���Õ

�"���/�Õ���}�>)¹�A���é�E . �Q�%�%�½�õ��2001�¥�1���Õ�"�E�Ñ�a��(*

�A��2.50*í���}�>)¹�M���a�����/�¹�E . �y�Õ�1�� 2007�¥�1�õ���		A���!

�q�1�}�� �Õ�"�E�Ñ�a�� �}�>)¹�!�� �«�¹�E�� (Fig. 5a). �!�q�%�½�õ , 

�e�	���} ý�Õ���]�Ñ�� 36�¥���:�©�1���Õ�"�E�Ñ�a���Q��(*�A�� 0.89*í���}

�>)¹�M�� �a���� �/�¹�A , �e�â�� �å�E�¡�� �Q�� (*�A�� 0.08*í�� �}�>)¹�M��

�a�����b�)�•�Ñ , �Õ���±���!�q�¹���}�>+��y�� ‰�Õ�õ���Q��(*�A�� 0.81

*í�½�� �Ñ��y�)�E�� (Fig. 6e).

3.2.3.2 �Õ�"�]�Ñ

�Õ�"�]�Ñ�¹�� �}�>+��y�õ�� �]�Ñ�� 36�¥�� �:�©�1��&��%�b�•�½�� �•

�¹)¹�í�� 10�¥�1�� �Þ�� 0.4*í�Š�� �þ�a)¹�õ�� �ä�•�½�� �å�~�y�)�E��

(p<0.001). �Õ�"�]�Ñ�¹�� �}�>+��y�õ�� 2015�¥�1�� 2.84*í�½�� �a����

�/�¹�A , 2011�¥�1�� 2.57*í�½���E��•�½���/�¹�E . �y�Õ�1�� 1981�¥

�¡�� �Õ�"�]�Ñ�¹�� �}�>+��y�a�� 0.08*í�½���Ñ��‘�e���r�1���a���� �b

�)�E�� (Fig. 5b). �!�q�%�½�õ�����â���b�¶�]�����	���Ñ�}�a���]�Ñ�� 36

�¥���:�©�1���Q��(*�A�� 1.47*í�¹���Õ�"�]�Ñ�a���}�>)¹�M���a�����/�¡��

�T�•�½ , �e�	�� �} ý�¡�� �z�¡�� �‘�e�1�� �Q�� (*�A�� 0.50*í�� �}�>)¹�M��

�a���� �b�¡�� �T�•�½�� �Ñ��y�)�E�� (Fig. 6f).

4. 고찰

�]�Ñ�� 36�¥�� �:�©�1�� �Õ�"�‘�‰�� (�A�‰, �a�‰)�]�� �Õ�"�v�y�� (�E

�� , �]�� ) �p���Õ�"�Ý�Ñ�� (�E�Ñ, �]�Ñ )�¹���}�>+��yÝ��)Ê)½���Õ�"

�‘�"�¹��!~���}�>+��y�õ���Q��(*�A�� 9.83*í�½���Ñ��y�)�E . �Q�%�%��

�Õ�"�‘�"�¹�� �}�>+��y�õ�� �þ�a)¹�õ�� ��*��Õ�Ñ , �þ�a�� ��*��¡��&�

�%�b�•�½���•�¹)¹�a�E�� (p=0.015) (Fig. 7d). �Õ�¡���z�¡���Õ�"�‘

�"���}�>+��y�¹���þ�a����*��¡���Õ�"�A�‰�]���Õ�"�]�Ñ�¹���}�>+��y

�a��$Í�í���þ�a)½�����]�½���å�~�y�)�E . �y�Õ�1���Õ�"�a�‰�¹���}�>

+��y�õ��&��%�b�•�½���q�í)¹�õ����*��Õ���}���Õ�"�‘�"�¹���}�>+�
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�y�� �þ�aÝ�� �E�í�� ���})¹�õ�� �N)Á�¥�� )¹�a�E .

�Õ�"�‘�"�¹�� !~���}�>+��y�a�� �a���� �/�¹�¹��)Õ�õ�� 1997�¥�•�½��

(*�A�� 14.31*í�� �}�>)¹�a�A , 2011�¥�1�õ�� �Õ�"�‘�"�¹�� �}�>�Õ��

11.84*í�½�� �E��•�½�� �/�¹�E . �y�Õ�1�� 1983�¥�1�õ�� �Õ�"�‘�"�¹��

�}�>+��y�a�� 5.85*í�½�� �a���� �b�)�E . 1997�¥�1�� �Õ�"�‘�"�¹�� �}

�>+��y�a���a�����/�¹�¹��$Ñ���1�Ù�¡���Õ�"�v�y�� (�Õ�"�E�� , �Õ�"�]

�� )�¹���}�>+��y���þ�a�a�A , �y�a�½�� 1983�¥�1���Õ�"�‘�"�¹���}�>

+��y�a���a�����b�¡���1�Ù�¡���Õ�"�v�y�¹���}�>+��y���q�í�½���å�~

�y�)�E . �!�q�%�½�õ , ���â���b�¶�Õ���]�Ñ�� 30�¥���:�©�1���Õ�"�‘�"

�Õ���Q��(*�A��11.78*í���}�>)¹�M���a�����/�¹�A , ���â���b ý�Õ�� 11.47

*í�½���E��•�½���/�¹�E . �y�Õ�1�����â����ê�¡���Ñ��‘�e���:�©�1��

�Õ�"�‘�"�Õ���Q��(*�A�� 7.36*í���}�>)¹�M���a�����b�)�A , �}�]�1���e

"¹)½���!�q�Ù���}�]�¡���’���¡���b�b�� 8.08*í , 8.14*í�¹���Õ�"�‘�"

�Õ���}�>)¹�M���E��•�½���b�)�E . ��º�1�}���a�����b�í���Õ�"�‘�"

�Õ���}�>)½���!�q�¡���r�]�½�� 8.31*í���}�>)¹�a�E . �e�y�b�•�½����

��ù�Ý���	�:���Ù���	�á)Õ�©�]���b�	��º���p���b�	��º���e�!�a

Ý�� �r�M�•�½�� �Õ�"�‘�"�¹�� �}�>+��y�a�� �/�¹�A , �y�Õ�1�� ����ù

�Ý���	�}���Ù�� ‰�š�	�á(*�Ý�¡��*™�	��º���p���Ù�š�í�’���e�!�a

�1�}�õ���Õ�"�‘�"�¹���}�>+��y�a���"�a�b�•�½���b�¡���ä�•�½���å�~

�y�)�E�� (Fig. 8d). 	‘�Ý�} , �¿�•�½���î�&�á�™�¹���‘+%�!*µ���b�²

�a ¦�¡��!½�]���Õ�"�‘�"�¹���}�>����*� , '�+é���Õ�"�A�‰�]���Õ�"�]

�Ñ�¹�� �þ�a��*��¥�� �y�b)Õ�}�� �A�‰�]�� �Ý�Ñ�á�Ò�1�� 	‘Ù�� )•)ÕÝ��

�a�q)¹�õ���Š*��•�½���y���y���Ý��)Á���ä�Õ�E . '�+é������ù�Ý���	

�:���1���e"¹)½���!�ñ!��¹���î�&�á�å���b�²�a ¦�1�}�õ���Õ�"�‘�"

�1�� 	‘Ù�� )•)Õ�a�q�� �a ¦�Õ�� �y	=�=�� (M)É�y���Ý�� )Á�� �ä�Õ�E .

5. 결론

�e�Î�� 61�}�� �‘�"�a"‚�!�q�¥�� �a�"�•�½ , 1981�¥�á%‘�� 2016�¥

��!�� 36�¥���:�©�¹���E�¥�}�%���‘�"�� (�‘�‰ , �v�y�* , �Ý�Ñ�=�e )�¥��

(*�¥�� (�M�‘�}�õ�� 36�¥��(*�A )�¹�� �}�%�� �‘�"�s�]�� �¥�±)¹�M��(½�a

(� ‰��2�‘�� �õ�eÝ�� �ø���ù�õ�!Ý�� �Ñ�)½��+% , �Õ�"�‘�"�¹�� �}�>

+��yÝ���= ·�V�e�b�•�½���å�~)¹�a�E . �]�Ñ�� 36�¥���:�©�1���Õ�"�‘

�"�¹���}�>+��y�õ���Q��(*�A�� 9.83*í�� (�Õ�"�A�‰��0.84*í , �Õ�"�a�‰��

0.85*í , �Õ�"�E���� 2.09*í , �Õ�"�]���� 4.61*í , �Õ�"�E�Ñ�� 0.48, �Õ

�"�]�Ñ�� 0.96*í )�½���Ñ��y�)�E . �Õ�"�‘�"�¹���Q��(*�A���}�>+��y

�õ�� �þ�a)¹�õ�� ��*��Õ�Ñ , &��%�b�•�½�%�� �•�¹)½�� �ä�•�½�� �å�~�y

�)�E . �Õ�"�‘�"�¹�� �•*v�%�½�� ��(��U�Õ , �Õ�"�A�‰�]�� �Õ�"�]�Ñ

�¹���}�>+��y�õ���þ�a)¹�õ����*��Õ�)�•�ù , �Õ�"�a�‰�¹���}�>+��y

�õ�� �q�í)¹�õ�� ��*��Õ�)�E . �Y�Ù�� �Õ�"�‘�"�1�}�õ�� �þ�q�¹�� ��*�

�Õ��
ý�̃ )¹�!���«�õ���ä�•�½���Ñ��y�)�E . �Q�%�%�½�õ, 2007�¥�1��

�Õ�"�‘�"�¹���}�>+��y�a��(*�A�� 14.31*í�½���a�����/�¹�A , 1983�¥

�1��(*�A�� 5.85*í�½���a���� �b�)�E . �!�q�%�½�õ , ���â���b�¶�Õ���Q��

(*�A�� 11.78*í���Õ�"�‘�"�Õ���}�>)¹�M���a�����/�¹�A , ���â����ê�¡��

�Q�� (*�A�� 7.36*í�� �}�>�•�½�� �a���� �b�)�E . 
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