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ABSTRACT

Agroclimatic zoning was done for paddy rice culture in North Korea based on a simulation experi-
ment. Daily weather data for the experiment were generated by 3 steps consisting of spatial interpola-
tion based on topoclimatological relationships, zonal summarization of grid cell values, and conversion
of monthly climate data to daily weather data. Regression models for monthly climatological temper-
ature estimation were derived from a statistical procedure using monthly averages of 51 standard
weather stations in South and North Korea (1981-1994) and their spatial variables such as latitude,
altitude, distance from the coast, sloping angle, and aspect-dependent field of view (openness).
Selected models (0.4 to 1.6oC RMSE) were applied to the generation of monthly temperature surface
over the entire North Korean territory on 1 km ���� 1 km grid spacing. Monthly precipitation data were
prepared by a procedure described in Yun (2000). Solar radiation data for 27 North Korean stations
were reproduced by applying a relationship found in South Korea ([Solar Radiation, MJ m-2 day-1] =
0.344 + 0.4756 [Extraterrestrial Solar Irradiance] + 0.0299 [Openness toward south, 0 - 255] - 1.307
[Cloud amount, 0 - 10] - 0.01 [Relative humidity, %], r2 = 0.92, RMSE = 0.95 ). Monthly solar irradi-
ance data of 27 points calculated from the reproduced data set were converted to 1 km���� 1 km grid data
by inverse distance weighted interpolation. The grid cell values of monthly temperature, solar radia-
tion, and precipitation were summed up to represent corresponding county, which will serve as a land
unit for the growth simulation. Finally, we randomly generated daily maximum and minimum tem-
perature, solar irradiance and precipitation data for 30 years from the monthly climatic data for each
county based on a statistical method suggested by Pickering et al. (1994). CERES-rice, a rice growth
simulation model, was tuned to accommodate agronomic characteristics of major North Korean culti-
vars based on observed phenological and yield data at two sites in South Korea during 1995~1998.
Daily weather data were fed into the model to simulate the crop status at 183 counties in North Korea
for 30 years. Results were analyzed with respect to spatial and temporal variation in yield and matu-
rity, and used to score the suitability of the county for paddy rice culture. 
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I. � �

����� ��� 	
, �� ���� ����

�� ��� ���� �	 �  !��� �"	#.

�"� �$�%& '(� )* 
+'( (global

scale) �� ,-'( (micro scale) .� #/0 �,

1 2� 345 678 9:;< 100 km	= >?

���� @A�� 30B	= C�� DE� :FGH

IJ� '6�"' (macro scale climate) KL48 MN

�� 3#. O<5*� @PQR= 	S# $�%48

? '(	T J5 �=U �'@PV�� 9WX Y

Z1 [68 \ K� 6�"]�48 +^_ 9 3#.

	 `? �"�6 +^ (climatic zoning)? &�ab

cd48 ef��g ��H h78 0 �"+^?

	i� j�8 ���"�6 +^ (agroclimatic zo-

ning)	* kl�#. !m6 h�& n� oO pq

r9s, Qtq �u, vHq kw�9 xH yz^{

JQ 	, |0 
�H 19K� �"�68 +^0 }

34~ (����U, 1986), �0� 6f�� ��0

��48 9K� ���"]�	 �&X } 3# (�

x, 1996). 

��5 `? �"�6 ���� ��5 �<��%

��� )* �� 5�5� ���"� /=? � $

�% �	v �O dJ�8 6�" ��� ��H �

w�%& ���"�6 +^� ��1 �
Y�� :

v x #/0 ���� 	
 �8��� �� %NJ

�� ��J#. )*� ����� c'( �� ��

'( (meso-local scale) �"��H  ¡J� �f

�'@PV� j�8 w¢0 �9@PVH £¤J�

!v ¥J# (Nakai, 1990; Tanner, 1990; Brock et

al., 1995). O<5*��� 	, 400Q K8 +�X

Y��=@PVH S�J� 3¦ ¡�= §� ¨ ��

�"��  ¡� bNJ� 3#. 

��5 ©? �=@P�ª� oO @PQR= &«

�� �� �=H 6¬_ 9 #� ª	 ��%&

bNH v8®�#. �� O<5*¯° ��	 ±²J

� �o� ^³v ´µ¶%& oO �"� $�^³

 ¡H �f �=@P�g �·_ oO ¸U¹ !ºH

»Q ¼�¢�� @PVH +½f¾ J�8 y¿�%

ÀH Á&_ 9 #. 	 `? Â�1 fÃJ� �f

9:;< 9 km ��� f=�8 ��� �<���

�H 9ÄÅ J�, 	1 [68 �� 6�"] ��

���" ��H $�MÆ��� �f Ç�J�� �

�v bÈ� Ç��¦ É# (Ê x, 1989; Seino,

1993; Daly et al., 1994). |0
�H 1 kmË1 km

Ì%� Í 10gK ÎY8 5Ï¦ 	» ��� Ðj

�u� r9s :BGH Ç�0 ‘��V �"�’� 	

`? ÑÒ� 6¬%& Ã��	# (�Ó��¯, 1992).

5Ôv 	» �"YZ1 �<�S7Æ(Geographic

Information System; 	J GIS)� Õ	Ö×	Ø8 v

$0#Ì � N�� ÙÚ �6X#. GIS� �<%&

Û¬i @ÜX (Ý $��S(!, � �� [/, ��

�", Þa, � ��, @<�� x)1 9W, ßC, à

á, �â ¨ ¬ãJ� �ä%& @<�+	#. ‘��V

�"�’� 9Ä��YZ(Digital Terrain Model; DTM)

i �"YZ1 GIS=�� Ãä�å �æ* _ 9 3

#. gÍ ���"YZv GIS� $��S Õ	Ö×	

Ø8 v$X#Ì ¦ç ��� ���" �èH µ¶%

& $��	 �æ8 ¬¿_ 9 34�8 �=@Pé

·�QÁi ê@JÌ�� �·� � �6 +^��

yz_ 9 � -¢0 �S1 �$_ �	#. ��8

*ëÔì<í�� î99 �
Y� :v1 �0 ¼�

¢ ���" +^��� GIS ��	 �$%48 	N

�ï# (Pollak and Corbett, 1993).

0ð ���" +^H �f vC ñ? ��? fò

���� C��� óô �H �� � J� �	#.

�� aõ� 9s�� � ���ö� ���"��

	 �ä%48 ÷½�¦3� øÂ	#. J�g 	 �

�? ��, ÑÒ, yN x (Ý Ì�� �N�	 ùú

J�8 ûü 
ÁÖ ���= 
Âv»? �"�s�

MÆ% ^{	5 �"aºÒ�9� Æº x �aõ

� ,Ä� �"¤ý ��1 ��%48 ¬¿fÉ4~,

	1 [68 fò �� � vþ QÁ1 ÿ�J�Y

J�#. 	�0 ��%& ���� 0 ó� 5Ôv [

/-�-6� �Ø�� �æ1 �� (�J� �0 µ

+v bÈ� �e�¦, �«�� ��j8 �
% (

9 (genetic coefficients) �%Å1 �� �(� (crop

models)H 	Nf �� aC, Èõ, ��9s x k

aH �� (�J� �Æ� i 3# (Hoogenboom et

al., 1992; Kiniry et al., 1997; American Society of

Agronomy, 1995; Yajima, 1996). �H ��8 �

 J� ��� 	
Ö (���� �f h¦� � â



Yun and Lee.: Agroclimatology of North Korea for Paddy Rice Cultivation : 49
o� )� �� �H !P_ 9 3Ú X �	#.

gÍ ¦ç ��� 6f GIS Õ	Ö×	ØÅ�å �

"YZi (9 �%Åv �ZX �(�	 ·�0#

Ì, 	 �� � À� ³C�  �" ��.� ��

aõH (�÷48� �� �=�H ��%48

� 9 3Ú � �	#. 	 `? vþ�? 	, GIS

1 	N0 �8£ �æ� ��& �¢���� (preci-

sion/prescription farming)48 éK�ï# (Petersen

et al., 1995). 

����� ��X \ v� �(�H �� ���

�Ú (91 w�JQ �NJ� 3#. hX N�� �

+'(� �"�Å� �0 � aõ�Å ¨ � �6

	� x w�%& 9�	�g (Ê, 1990; 	 x,

1991; Shin and Lee, 1995), � R�� �f a�X

&$�9 h���� ���" �Åi ��aº� :

v1 �f �f=�� ���" Ç� ¨ �����

	 µ+�ï4~ (Ê x, 1997a; Ê x 1997b; À

x, 1997), 	1 [68 |0
�H 1,500K �Ì �

�8 5Ï¦ n, S<, �, §Y x Þs�� 60

���	 �NÅ �Æ� i3# (��Á, 1999; w

i Ê, 1999). 

¿� |0�� &Ö�=�� ��� �=YZ �«

	 vþ0 70QK �' �=@Péi 350QK ê&�

=@Pé, �<� 250 m �� �¢ ���1 [68

�X ‘��V �"�’1 bN_ 9 34�8 �(

�H 	N0 �¢ � �6 +^� Ô * �=��

YZ1 	N0 ��� ���	 vþJ#(��Á,

1999). �Ì d�0 ÞsÁ! �æ1 "� 3� �0

��� oO �S�«	 ¦�# ��� ���? �

$, �%%& ���" +^w& öX =�	#. 	�

'48� |(�0� ��z), 5Ôv Mk"� ��

�� 	
� d�0 C*1 ¼ü_ �	#. 

#e� �S9W QR	 ,+0 v£Õ�� �0�

27K �ª� �« 20B� Ðj ¨ kj �":BG	

�=U� ÑÒ48 È��ï� (�=U, 1995), ��

�Î,�YZ1 v$0 �0 ��YZ� �9v vþ

f-4~, \ K ��@Ü ��C�� �0� h. n

��� ��� v 	/¦�� 3# (���C,

199501998). 

% µ+��� 	» YZ1 [68 � �ö ½%X

@Ü��H bNJQ �0 n � �61 �¢JÚ +

^J�Y J�#. (�+�� �0 �aõ (�1

�f�� �%%48 kj �=YZ v£Õ ���u,

�ß�u, k�s, r9sG	 1.J#. 	»� aº

H �f 2ß ��wR� )� k ��/�ß�u, r

9s, k�s, r9k9, �uµz&� Ðj :FG ^

³�1 1 km �Î� ÎYª ��8 Ç�J�#. #�

�� 	 ÎY�� �"�8ÁÖ �0 e�+�=�

183K �3j $�:FGH ÆºJ� 	1 [68 �

"MÆÓ%48 �6_ 9 3� �(3j k ��/�

ß�u, r9s, k�sYZ 30B Ä4H ê�8 a

�J�#. n aõ(�� �
% (91 �0���

�«�5� �f �� kÁ ��C�� 9e0 aõw

� YZ1 «;8 JQ 6¬��� (91 Ç�J�

#. (9 w�	 �ZX n aõ(�H 183K � +

�, 6 �(3� 6f 30B�4 +�÷48� � � 

+�� n � PÌ��� ���"Ó% �èH '7

J�#. 

II.  �� � ��

2.1. �� �� ��� �	

2.1.1. ����uuuu YYYYZZZZ

O<5* �=U��� -Æ�=M8V (GTS)H M

f 9W0 1973BÁÖ 1994B.� 22B� �0� �

=69 27K �ª @PYZ (:�µ, ;º x 14 �

ª? 1981BÁÖ @PX YZ)1 MÆ¯<JQ kj

¨ Ðj :FGH ‘�0�= 20BS’*� �<48 È

�J�# (�=U, 1995). @P�ª� fÈ��� =>

� 3 m8ÁÖ :�µ� 1,386 m.� ?>Ú ^³�¦

34~ �<% �Ä� ��-o�8 ¬¿X#. �=.é

8� fÌ�@, :F/��/�ß�u, r9s, =6A�,

:F;¶, £s x	 3#. 	» v£Õ 1981BÁÖ

1994B.� 14B� �uYZ1 ÈBJQ Ðj :FH

ÆºJ�#. 	» �0 27K ¬�@Pé� 6J�

|0� 24K ¬�@Pé� 6f�� `? ��c Ðj

YZ1 �yJ�#. ^{6= �"YZ� aº� �Ä

1 5�C �	 Fig. 1	#. 

2.1.2. �����Y�Y�Y�YZZZZ

�
��: ��D� ^{H �f ,� ��U(US

GS)� 30¼ (arc second) f=� 9Ä��(� GTO

PO30 (Digital Elevation Model: DEM)H 9WJQ
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0�� Á^H ÈBJ�#. �ü o��Û¬Æ =æ&

	 DEM  kH TMÛ¬Æ(�ª �� 38�, �o

127�)8 E¤�F �� 1 km f=�� ARC/INFO

(ESRI, USA) GRID8 ßCJ�#. 

���: cd G(cell)H ��48 0 �� H	v

3, 5, 7, . . . , 31 km& ��� +�� ³÷�� 9,

25, 49, . . . , 961K G� :F��GH ÆºJQ

cd G� ÁQJ� 	» G8 	/¦� GRID1 �

� DEM3, DEM5, DEM7, . . , DEM318 ßCJ

�#.

���: cd G� vCY<8ÁÖ 1, 2, 3 km �

o� ³÷�� G»(cd G �I)� ��GH :FJ

Q 	 G� 0.5� vcÄ1 � #�, cd G� ��

G� �� 0.5� vcÄ1 h¦ ;<vc :F¬�(	

J �-��)1 ÆºJ�#. 	»H �� ELEV3,

ELEV5, ELEV7 GRID 8 ßCJ�#. 

���: G f=�1 3 kmË3 km, 5 kmË5 km,

7 kmË7 km, . . . , 15 kmË15 km, 31 kmË31 km

x48 �6JQ �� :FGH +0 #�, ��j8

&�0 G�� ��&1 yzJQ vC J ��GH

ÁQJ�#. 	»H �� ASP3, ASP5, ASP7 x�

GRID8 ßCJ�#.

����: � G8ÁÖ vC v.£ fö=.��

�=;<1 +JQ km��8 �âJQ GG48 ÁQ

J� 	»H CODI GRID8 ßCJ�#.

���: �� DEM GRID1 yKJQ DEM3,

DEM5, DEM7 GRID =�� � G� o��1 Æ

ºJQ 	1 �(degree) ��� GG48 ÁQJ� �

� SLOPE1, SLOPE3, SLOPE5, SLOPE7 GRID8

ßCJ�#.

Fig. 1. Geographical location of the 51 standard weather stations in North and South Korea.
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���: ELEV GRID1 	NJQ æ/�� 45�

wR�� ��� (azimuth) 45, 90, 135, 180, 225,

270, 315, 360�8 }Lv~ � G� K��(0-255

M�� brightness index)1 ÆºJ�#. 	 G»H

OPEN3_45, OPEN3_90, . . , OPEN5_45, . . ,

OPEN7_45 GRID x48 ßCJ�#.

2.1.3. ��������-����uuuu @@@@ÆÆÆÆ NONONONO((((���� 

51K |�0 @Pév �Ä0 G� ���91 '�

� �0 �� GRID8ÁÖ ÇãJ�#. 	»� @

Péj 14B� (198101994) k �� ¨ �ß�u�

Ðj :FG �	� �P=@H +JQ =@Æ9 Ù�

P48 10K4� "S�91 =�J�#. =�X ��

�91 QR�98, Ðj �uGH �¶�98 S�

SAS/REG (SAS Institute, USA) �þH 	NJQ Ð

j �uÇ� �%(�H =ÈJ�#. 	 ø �9 =T?

stay level = 0.15� STEPWISE��H %NJ�#.

2.2. �� �� ���, ���, ����, ��  !

" �	

¿� S�c& �0 �"YZ�� k�s G	 4

�8 O= #� �=.é8ÁÖ � @Pé� Ðj k

�s :BGÁÖ Ç�JQ ±�f¾ 0#. |0� o

O �=U é¶� (Ý �' �=@Pé�� kw�9

1 @PJ� 34~ k�sH @PJ� �ª� 9�

20Ké� Uf kw�9 YZ8ÁÖ 9:Ì 
Vk�

s YZ1 ±�J� ��	 �R�¦3# (w x,

1987; ����U, 1995). 	�? �P k�sH �k

�ª� kw�9 ¨ 6�Ik�s (extraterrestrial

solar radiation)� NO�F kw-k� �âÞH �

0 ", 	»� �<%& µ@H «;8 � @Pév

6¬_ 9 3� ��H ÿjJ� � ��� k� ,

@P �=6� kw�9 YZ8ÁÖ 9:Ì 
V k�

s YZ1 ±�J� �	#. ´eJÚ� �0 �"Y

Z�� kw�9v ÏW�¦3¦ 	 ��H �68 �

N_ 9� #. 

% µ+��� |0�� @P�� [k�-�= X?

��.&] �	� o�ÞH �JQ �0� %N58

J�#. O= �h1 �I0 |0 � 19K k�@P

�=6� 1984BÁÖ 1997B.� 14B� k�=YZ

1 [68 �=.éj Ð:FGH ÆºJ�#. Q��

� k�s I�� =6A�i £s, �<� vw�9

(kC)i 6�Ik�G	 ³÷X#. vw�9i 6�I

k�G� Æº? ����U(1995)� ��H )Y#.

�0�"YZ� ÏW�¦3� kw�9 68� � @

Pª h�� ��j K��1 	NJ��Õ, 	, 

�X GRID c�� �-|�-|-|�-�ý x 5K K�

�1 =TJ�#. Ðj k�s @P :FGH �¶�

9, #� �=.é(�u, £s, A�, 6�Ik�, vw

�9 x) ¨ K��1 QR�98 � NO(�H �

J�#. 	 (�H 	NJQ �0 � k� ,@P �

=6 27Ké� Ðj :F k�s YZ1 ±�J�#. 

±�X 27K �ª� Ðj k�sGH ;<vc�º

(Inverse Distance Weighting; 	J IDW)� �0 �

P�Z��48 �0 
�� �� 1 km f=�� k

�s ^³ GRID1 a�J�#. 	 [�� IDW�Z

� �f �0 
�� ^³�1 GRID �æ8 �0

�".é8� Ðj r9k9i �u� µz&v 3#.

	»? �(�� �� �Ò��� ��g, #��

�7�� Ðj �"G48ÁÖ kj �"GH ��J

� ���� ��� 1.0 .é»	#. 

Ðj r9s� :FG? |0��� w¢0 r9@

PV�� \¦� o��ýj NOÞH �0� %N�

å Ê (2000)� ��� )* �J�#. 

2.3. #$%& '	 ( )*�� �+�� ,-

=� ��� �f g»¦� � .éj Ðj �"G

� ^³� $�f=�v 1 kmË1 km8� �0
��

�"1 Í 12gK� ÎYª48 5�] 9 3#. 	�

�^.� $KX � ¦ç �0�� �"�S#� �¢

0 �	#. ��5 n aõ(�H +��5� [�$

�� ��8�� ��JÚ -¢J#. �$ '48 _

`? �¢�v .+�� oO� 3a�g (!, �¢�

�), n� aõH 0b� 12gQ N4 (�J�� ¿

�%48 ¦c#. d0 aõ(�Ã�� ��� �PY

Z� �f àe�¦¾g vÄv 3�Õ, |0� !1

S_*� '48 �0��� �w�YZv �9X#

Ì ��? �(3 ��v � �	 ;� ��J#. )

*� % µ+��� ���" +^� �é��8� �

0e�7Æ=� �(3H =TJ�#. 

�c�� +_ 9 3� 1:700,000 ½f� �0e�

�� (¤�ÂÅ�, 1997)1 �%�8 JQ 183K �(

3H ARC/INFO polygon h��8 9ÄÅ �g#
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f

(Fig. 2). 	 �(3 h��1 	, �0 �� �"

G GRID� ch�5� � �(3j8 �"G� $�

:FH ÆºJ�#. 183K �(3� :FÌ%? 662

km2, 6 662K GRID G8 	/¦i 34~ vC >

? j? 2,197 km2, vC k? j? 45 km2�#. Æ

ºX $� :F �"GH 	 h��� ¶�48 ßC

J�#. 	 ø �u� :FG? n � �6v 678

fÈ��v l? ß�6ÀH ��JQ $� :F� ¬

�ð&1 _0 G48 67J�#. ���u� oO

`? �(3���� �é 0.4oC, �6 11.8oC, :F

4.1oC� M�1 S	�8 �� º¡��	 ©? �0

� oO �u� :FGH 	mÚ w�J� �	 ¿�

� v.n �48 ÿ��ï#. 

2.4. �� �+�./01 �� �2�� 34

�X �(3 � +� �� �"G? Ðj:FG

48�, �(� �ÒH �f�� kj YZ8 �â

�F¾ 0#. 	 ø h�f¾ _ ª? ��� �"�

µ&�	1 ��f¾ 0#� ª	#. �"� :F�

Ô * � �	1 ÷½0 �,8� ��%48� ��

µ&�	v c.J#. '� �X � +�j �"

:FG? �é0 10B 	=� �"1 6¬J�g, 10

B�� �B �"GH º�%48 :F0 6¬G� ´

�J�8 �� 10B �ö "ïo �"� µ&�	�

6f�� ¦ç �S� �$J� ��#. 

	�0 ÃªH S�J� ¿�§ 3� k �=YZ1

�ãJ� �f Q� v� MÆÓ% ��	 	N�¦

É# (Richardson and Wright, 1984; Geng et al.,

1988; Wallis, 1996). % µ+��� Pickering et al.

(1994)� �f ��X k �=YZ a���� )*

Fig. 2. Administration boundary coverage (a vector map) overlaid on the 1 km� 1 km digital elevation model (a raster grid) o
North Korea. Each number on the polygon identifies crop simulation zone.
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� � +�j8 30B4� k �=YZ1 ê�8 a

�J�#. 	 ����� O= Ðj �"G48ÁÖ

kj �=YZ a�� 1.0 �� �K�91 Ç�0

#. 	 �K�9»? À� Dp� r9ã¿ QÁ1 Ã

�q� Markov Chain ��� 	N��, r9s?

Gamma ̂ ³� �f Ç�X#. �u� k�s? wea-

kly stationary generating process1 [68 a�X#.

'� g»¦ � k ���u, �ß�u, k�s, r9

s, r9k9� Ðj :FG� �u� µz&� 	»

�K�9 �ãH �f 1.0 �"YZ»	#. 

2.5. 5 3678

�0��� n � �61 +^J� ���� Q�

v�v 3H 9 3�g % µ+v �� &jÅ ��

�? �6+^� ��48� ��%	� �ð%& �

"�91 �NJ� �� ��%	� �ä%& aõ(

�Ã�1 bN0#� ª	#. 	, |0 1,500K � 

+�� 6f =� ���N48 �NÅX CERES-

rice1 n aõ(�48 =�J�# (��Á, 1999).

CERES(Crop-Environment REsource Synthesis) (�

? ,��� KÈ�¦ IBSNAT(International Bench-

mark Site Network for Agrotechnology Transfer) �

�� �f ��%48 r< S9X �	#. 	 (�?

n� aC(growth)� Èõ(development)� ¤ýH ,

Ä� 6�, [/, �, /^ x aæÆ +�.é� =

�NH �ä%48 ��0 �48� �P0 ��

�� Ô * âo.&� ^{�� r< 	N��

3#. 

	 (�H ¦ç ��� %NJ� �f�� � ��

� �� � ��3� ��� aC ¨ Èõ @Ü �


% ��H (�� �¤�F¾ J~, CERES-rice�

oO Èõ@Ü 4K, aC ¨ 9s @Ü 4K8 	/¦

� ��j (91 w�f hÌ X#. ��(9� �

� �
% �èH �¤J� 3¦ � ��j aõ��

� �Ú �%Å fh� k	 }8 aõ(�� �s1

vt0#� f� �t	 Ô #. 

¦ç ��� (9 �%Å1 �f�� ��� ��

aõw�YZv #B� Ï%�¦3¦¾ 0#. % µ+

��� 95BÁÖ 98B.� ���C �ÁãCéi

q�ãCé�� =>9�, *�72�, :/15� x �0

� h. ��H � JQ \? YZ1 	NJ��Õ

(���C, 199501998), +7%& ��? wi Ê

(1999)H )Y#. (���1 �0 ¼�wR? 	u�

5Ð 20k, �Þ;<� 30 cmË12 cm, hò 5%, �y

9� N-P2O5-K2O = 12-12-13 kg/10a	ï#. � ��

c �=YZ� ��Á(1999)� �f 	, Ç�X fò

��� k ��/�ß�u, k�s ¨ r9sH ÈBJ

Q �NJ�#. [/YZ �� ��Á(1999)� �f

�X 
� 1,500K �(Ì v[/ YZ c :w3 �

ÁÌ (KHPD191507)� q�3 xÅ� (KHPD191204)

H �NJ�#. 

2.6. 36 79

- v� ��� 6JQ (9 �%Å1 �� n a

õ(�H 183K � +�j8 30B kj �=YZ�

�f +��F ã9�, ���, �=Á R�c, ��9

s x aõ@Ü �S1 aºJ�#. �0� [/YZ

� 9WX �	 4�8 ��Á (1999)� ^)��4

8 24b� fò�� [/wR ([d 130 cm, [� �

/[)H � � +�� $M%48 ÁQJ�#. 35k�

õy0 (1 25h/m2 �Þ¢�8 5Ð 20k� 	uJ

�4~, �é� yZ� aõ� ¤ýH h� �H ��

8 Y��y J��, r9D�1 S� �f @K� J

� �� �48 v�J�#. 

III.  �	 � 
�
 

3.1. �+:;9 <=

=ÈX k ��/�ß�u� Ðj :FG Ç� NO

(�? ��i fö;<1 cd48 fÈ��, o��,

K�� @Ü ���9»8 +��~, 4ÐÁÖ 8Ð.�

k ���uH �I0 (Ý (��� Ã�Æ9v 0.9

	=	� RMSE� 0.401.6oC M�� »ï# (Table 1).

	» (�H 	NJQ �0 
� 12gQ K ÎYª

� Ðj ��/�ß�uGH ÆºJ��Õ, Fig. 3? n

� aõ� c.0 7ÐÁÖ 9Ð.� 3KÐ� :F�u

H 5�C �	#. 	 ��? n� aÞaC� ���

x�� fò�� ��	�8 	 ��c DE� ��9

s Ã�� ��%& ¤ýH z�#. )*� 	 ��c

:F�u? �·� n � �6 +^� c.0 ��4

8 �N�¦É# (����U, 1986). Fig. 3? $�

% �¢�i Ç���� 8{� Ì�� �·� ÔD8
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4 

4

�� xu=�i yz_ 9 � CªH 2�#. ��

5 :F�uS#� |f�È �u� ã¿}� x ��

%& �	v ���� ��#Ì � �6 +^� J

�,� #. 5Ôv :F�u �k.&S#� % µ

+�� �NJ� aõ(� Ã�¾~8 � �6 +^

� �ä%& ��& �	#. 

|0 19K k�@P �=6� 14B� YZ1 [6

8 +�X k�s Ç� NO(� ([k�s, MJ m-2

day-1] = 0.344 + 0.4756 [6�I k�s] + 0.0299 [|

� K��] - 1.307 [£s] - 0.01 [=6A�], Ã�Æ9

0.92, RMSE 0.95)� �f ±�X �0 �� 27K

�ª� k�s YZ1 IDW�Z� �f 1 km f=�

� $�^³1 Ðj8 �ãJ�#. Fig. 4� 	»c

%� aõ��� fò�� 6ÐÁÖ 9Ð.�� %ºk

�s ^³	#. 678 n � v �0 �� :¾�6

�� k�s	 ;Á0 �Ì cÁ ���6 ¨ �Á

fö�� %? oýH S&#.

Ðj r9k9� 60 �S� Ðj r9sH [68

(� +�� 1.0 kj r9s YZ1 a�J� Õ

� 1.J#. �0�� 27K ¬�@Pé� 10B� r

9k9 @PGH [68 IDW �Z� �f �0 
�

� 6f 1 kmË1 km ÎYª ��8 Ðj r9k9

Table 1. Regression coefficients and RMSE of the climatological temperature estimation model

Minimum Temperature

Month Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[INTERCEPT] 50.7 43.358.2 17.7 19.1 36.6 41.4 36.7 44.2 41.7 44.1 47.6 

[LATITUDE] -1.52 -1.27 -0.95 -0.75 -0.58 -0.54 -0.54 -0.56 -0.75 -0.86 -1.10 -1.35

[ELEV3]/100 -0.95 -1.06 -0.80 

[ELEV5]/100 -0.82

[ELEV7]/100 -1.03 -0.81 -0.87 -0.82 -0.89  -0.89 -0.86 -0.92

[SLOPE3] 0.64 0.48 0.23 0.45 0.58

[SLOPE7] -0.31 

[CODI]/100 -4.01 -2.51 -0.77 1.01 0.99 -0.89 -1.98 -2.25 -3.39

[OPEN_E] 0.09 0.08 0.03

[OPEN_S]

[OPEN_W] -0.12

[OPEN_NW]

RMSE(oC) 1.6 1.2 0.8 0.9 0.7 0.6 0.5 0.4 0.8 1.2 1.2 1.4

R2 0.93 0.95 0.96 0.91 0.94 0.94 0.95 0.97 0.95 0.91 0.93 0.93

Maximum Temperature

Month Variable Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

[INTERCEPT] 53.6 60.7 47.7 76.7 79.7 10.5 19.7 19.8 63.6 100.8 71.0 58.

[LATITUDE] -1.37 -1.15 -1.01 -0.87 -0.65 -0.73 -0.61 -0.54 -0.54 -0.81 -1.17 -1.41

[ELEV3]/100 -0.65 -0.73 -0.80 -0.73 -0.64

[ELEV5]/100 -0.73 -0.70 -0.60 

[ELEV7]/100 -1.03 -0.61 -0.68 -0.78 -0.74 

[SLOPE3] 0.43 0.41

[SLOPE7] 

[CODI]/100 -1.72 1.56 2.89 3.24 3.97 3.03 2.27 1.32 0.53 -0.82 -1.9

[OPEN_E] -0.10 -0.14

[OPEN_S] -0.15 -0.19

[OPEN_W] -0.07 -0.14 -0.08

[OPEN_NW] 0.23 0.17 0.16 

RMSE(oC) 1.3 0.9 0.7 1.0 1.5 1.6 1.0 0.8 0.6 0.4 0.8 1.3

R2 0.95 0.94 0.95 0.88 0.81 0.68 0.80 0.86 0.94 0.98 0.95 0.92
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ted from
:FGH Ç�J��Õ, Fig. 5� µ� � r9k9

^³1 SQ�#. 

3.2. #$%&� 59 3679 >?

���C (199501998)� �JÌ �0 n ��

=>9�� ã9�v 7Ð 12k 
"8, |0�� �k

�� �Á�nS# Í 203k �� �wa�	~, *

�72�i :/15�� 678 8Ð 1k08Ð15k� ã

9J� wa� ¨ ca�48 ÿ�X#. ���C�

aõw�YZ1 	NJQ Ç�0 =>9�, *�72�,

:/15�� CERES-rice N ��(91 ��Á(1999)

� �f S�X |0� û6n(wa�), �$n(ca

�), ��n(cga�) (9i yz0 �	 Table 2

	#. 

�wa ��& =>9�� (9� �f CERES-rice

(�H +��å Ã� 183K � +� v£Õ 20K1

�I0 5���� h¦� 30BÄ �=wRJ�� �

=%& aõ	 vþJ�#. ��5 *�72�� �k0

wR�� 59K +�� aõ(�v ´vþJ��, :/

15�� oO�� 	i y�0 63K�#. �wa ��

& =>9�1 � JQ 30B� 0b	*� 9�� �

s0 20K +�? ¿· � �� 9�48� k� n

� v ´vþ0 �48 ÿ�_ 9 3#. n � v

vþ0 �48 ÿ��� 5�� 163K +� v£Õ

wa�& *�72�� � v �� 30B� 0 b	*

� �s0 39j? n �  0Æ��48 � 9 3#.

Fig. 6? n �  ´v��� 0Æ��� �Ä1 SQ

�#. 

(�+�	 30B� �=%48 	/¦� 5�� 124

K +�� 6JQ *�72�� ã9�, ���, �=Á

R�c, ��9s, � ��c r9s ¨ eÈºs�

30B :FG� ¬�ð&1 +0 #�, 	»� $�M

ÆG (��, �ß, :F, ¬�ð&)H ÆºJ�#

(Table 3). 	 ¬� �JÌ 30B :F ���� ��

� )* 9Ð 8k�� 10Ð 8k8� ��� �	??

0 U ��&Õ, 0 � +� � 30B� µ&�	1

Fig. 3. Seasonal mean temperature pattern during July to September period in the climatological normal year estima
the model calculation.
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ored data
¬�ð&8 ¬¿f SÌ 9.9k�11.0k	#. 6 `?

� +�k�*� f� )*� 10k ��� ��v �

�;5 �¦� 9 3#� �,	#. 

	 .é» v£Õ ���� µ&�	, :F 9s,

9s� µ&�	 x 3K YZ1 ^{JQ n � �

%� QÁ1 �s%48 ÿ�_ 9 3� ��H �Ü

�Y J�#.

	» 3K �s? (S µ¶%& ^³1 S	�8

O= \ K� Mh8 5Ï¦ ³̂��H �PÅ�g#. 

��� µ&�	� ¬�ð& GH ��48 406k,

709k, 10015k, �<� 16k 	= x 4 x948

5Ï¦ �� ö�(stable), /�(quasi-stable), v�

(variable), ́ ö�(unstable) x48 ¬¿J�#. 

\¦� 9s� :FG? ê@K aõ(�	� øÂ

� ��9s�� &	v 3H �	~, Q��� =6

%& yz<%48g �N0#. ÆºX (�9sH [

68 haò 6.5� 	=(high), 6.2� 	=(medium),

5.9� 	=(low), �<� 5.9� ,g(poor) x 4 Mh

8 5Ïï#. 

9s� µ&�	� 9s:F� 60 ¬�ð&� y

�, 6 �	Æ98 5��� �� 0.0500.11? ö�,

0.1200.18? /�, 0.1900.25� v�, 0.26 	=?

´ö� x, 4 Mh8 5Ïï#. 

	» ��� 6f 3, 2, 1, 0� ª91 ÁQJ�

- �) ª9� ä(009ª)H ÆºJQ � +�� �

ä%& n �  %ä�H 5��ï# (Fig. 7). 0 �

 +�	 2� ���"Ó% n aº��ÒH Ã�J

�Õ 	» - v� �s	 �� �k0 �Q1 J�

�? �$ Ô �g, ��� �PÅ1 �f j�� v

cÄ1 ÁQJ� ��#.

� x(1996)? 8Ð� :F�u, 7ÐÁÖ 9Ð� :F

�u, �<� ��� x 3K .é1 [68 +0 “

�uaºÒ�9”1 �NJQ �0��H 7K n � 

�68 +^J�#. 	 �uaºÒ�9� ��= %

���� ÿ���� J58 �N0 ��9s� ¦�

�� �¤X G	*� _ 9 3�g, ���� �	

Fig. 4. Seasonal (June to September) solar irradiance pattern over North Korea estimated by interpolation of the rest
at 27 weather stations.
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rpola-

d above
¨ 9s� µ&�	.� ��0 % ��� Ã�i�

¦� �� &	v 3H �	 !=�ï#. 

��Õ “�uaºÒ�9”1 ÿ�«;8 f� n �

  ´v�68 ÿ�X “K����6”i “�S��º

��6”� n aõ(� Ã�1 [68 0 % ���

�� �wa& =>9� �  ´v�68 5���, “�

uaºÒ�9”v 0.8 (9���� yf 80%) ��8

l? “÷o�fö�Á�6”� % ��� oO =>9�

Fig. 5. Spatial variation of the number of days with measurable precipitation in a normal year, produced by IDW inte
tion of 27 point data.

      
Table 2. Genotype coefficients of the rice cultivars grown in Korea

VARIETY(MATURITY) Full name in Korean P1 P2R P5 P2O G1 G2 G3 G4

ODAE(early) Odaebyeo 200.0 35.0 480.0 11.50 60.0 .0270 1.00 1.00

PALKONG(medium) Palkongbyeo 110.0 130.0 530.0 12.00 45.0 .0210 0.59 1.00

DONGJIN(late) Dongjinbyeo 90.0 220.0 580.0 12.00 35.0 .0220 0.50 1.00

SB09(extra early) Seonbong #9 30.0 25.0 450.0 14.30 86.0 .0270 1.00 1.00

AK72(early) Aekuk #72 190.0 40.0 490.0 11.50 60.0 .0270 1.00 1.00

PY15(medium) Pyeongyang #15 160.0 70.0 500.0 12.00 45.0 .0210 1.00 1.00

P1: Degree days above 9oC during vegetative period.
P2O: Critical photoperiod or the longest day length in hours.
P2R: Extent to which phasic development leading to panicle initiation is delayed for each hour increase in photoperio

P2O.
P5: Degree days above 9oC from begining of grain filling to physiological maturity.
G1: The number of spikelets per g of main culm dry weight.
G2: Single grain weight(g) under ideal growing conditions.
G3: Tillering coefficient relative to IR64.
G4: Temperature tolerance coefficient. 1.0 for normal.
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g � vþ0 j48� *�72�� � v �� ��

39K �3c� ³÷�¦ S ��� Ã�v kÄ0#.

��5 �uaºÒ�9v 0.85& “�Á��c��6”

� ³÷X ©? �3»? % ����� �wa�g

� � 9 3� j48 ^)�ï�, �% � �68

^)0 “�Á�fö�6”  kÁ� “�Á:¾�6”� y

f �äª9v l? �48 :v�¦ !=68 S �

��� &	1 S�#. 

% ���� �N0 - v� f�� aõ(�1 M

f \H 9 3� �S» v£Õ �� kÁ� �5�

��#. �°�� ´+J� 	» f�g48� �·�

n � �6 +^��S# �� �zJ� +7%& �

S1 �$÷H � 9 3#.

 

3.3. @

(Ý �S�� �«	 ��8 �0X �0��H 6

=48 ý" ����� 	
H �S� � n � �

6 +^H ��J�#. % µ+� höª? GIS ��

H bNJQ �¢ ±�X �"YZi 	1 [68 0

n aõ(�Ã�(aC, Èõ ¨ 9s�)1 �� ��

�" �6 +^� %N0 �	#. % µ+��� � 

�6 +^� �é $���8� �(3H �N��g

aõ(�� 1.0 �"YZ� 1 kmË1 km ÎYª �

�8 �y�¦ 3� øÂ� _� =-0 � �6 +

^ (!, �(3� ���	)	 vþJ#. �(�g �

yX#Ì n�g Ô * î99, §Y x �0� h.

Þs� � %� ÿ���� �k0 ��	 %N

� 9 3#.

d0 (Ý �"YZGH 1 kmË1 km ÎYª ��8

¬¿0 �? ý" ��	5 �$�1 	N0 �Î,�

YZi� µÆ^{� 3¦ 	ª	 � �	#. n � 

Ì% Ç�, aõ ( Ö� x� 	, �Î,�YZ�

�NÅ µ+v ��ï4�8, =� yz ¨ àe�

�O �<J#. �� (Ý �"YZ1 r< �N��

=N GIS� Õ	Ö×	Ø8 +½J�� øÂ� Çv%

& ¯< 	� #�Ì�� 6� bN	 vþJ#. 

J�g aõ(�1 �f ��0 CERES-rice (��

%ä�H �^� à[J�  0 �	 Ô¡#. (9 �

%Å1 �f �N0 �0��� aõw�YZ �� �

v�@�� ¢M�JÚ 9eJ�3� µ+��� ��

1 �^� bNJ�  ��Õ, 	� fò�@� ��

0 Sö�£ øÂ	~, gÍ �@� X? µ+Y� S

�YZ� zâ	 b�ÅX#Ì K=� Q�v ©? Á

^	#.

(� Y7� 8{�H �60 &�0#� f� ��

aõ(� ¨ 	1 [68 0 � �6 +^? ¿ 9

��� �¼%& û)1 �
� �;J��  0#.

Ðj �u, r9s, k�s x aõ(�1 �f ±�

Fig. 6. North Korean counties classified into the regions of
limited cultivation possible (gray) and those of cultivation
impossible (black) based on 30 year growth simulation by
CERES-rice with genetic coefficients of SB09 and AK72.

Table 3. Spatial statistics for growth simulation results of an
early to medium maturity cultivar (AK72) obtained by feed-
ing randomly generated daily weather data for 30 years. No
irrigation and an automatic nitrogen fertilizer application
assumed

Variable Min. Max. Avg. S.D. 

Anthesis date
(day of year)

Mean
S. D.

209.6
2.1

222.4
4.7

214.6
3.4

2.9
0.5

Maturity date
(day of year)

Mean
S. D.

251.0
4.2

280.7
63.7

260.2
9.9

6.2
11.0

Tops Weight
(kg/ha)

Mean
S.D. 

1171
8723

15397
3646

13464
1800

786
291

Seed Yield
(kg/ha)

Mean
S. D.

5428
348

6913
2261

6339
971

291
357

Rainfall amount
(mm)

Mean
S. D.

327
106

952
324

591
190

131
41

Evapo-transpira-
tion (mm)

Mean
S. D.

288
16

402
121

317
27

15
11



Yun and Lee.: Agroclimatology of North Korea for Paddy Rice Cultivation : 59

resent-
0 �"YZ»? QRYZ� �0 àe��H ;Ä�
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� 9 3�H &�0#. )*� 	» �"YZ1 [6

8 (�0 n aõÃ� �� ´���H �³J� 3

#. '48 �0�� ¤Ò@Æv K=�¦ ê&�=@

PVH $�£¤J� x� ��48 �^0 YZv �

SX#Ì 	�0 ª»? ¡Ú fé� �	#. 

IV.  � 

�0 �(3j n aõ(�Ã�1 [68 n � 

%ä� QÁ1 ÿ�J�#. aõ(�� 1.0 �(3

j k �=YZ� ���"Ó% $��Z��H «;

8 0 3�Æ ��H Mf aºJ�#. O= �u�

oO 51K |�0 ¬�@Pé� 14B�(198101994)

Ð:FGH @P�ª ��, fÈ��, fö;<, o�

�, K�� x �<���9� NO�F \? MÆ(

�(RMSE = 0.401.6oC)H �0
�� %N�F 1 km

Ë1 km 9: ÎYª ��8 Ðj :FGH Ç�J�

#. r9s� oO =6%48 YZv ;Á0 |0�

��-r9 @Æ1 �ãJQ 	1 �0��� %N0

Ê (2000)� ��� �f Ðj r9s ^³�1 �

J�#. k�s� oO |0 19K @Pé� 14B�

(198401997) Ð :F 9:Ì 
Vk�s @PG�

Ç�Þ([k�s, MJ m-2 day-1] = 0.344 + 0.4756[6�

I k�s] + 0.0299[|� K��] - 1.307[£s] - 0.01

Fig. 7. Overall performance score for rice cultivation in North Korea. The score is sum of three individual scores rep
ing the annual variation in maturity date, grain yield, and the annual variation in grain yield, respectively.
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[=6A�], Ã�Æ9 0.92, RMS error 0.95)� �f

�0 �� 27K �ª� k�s YZ1 ±�J�#. 	

1 ;<�ºvc�48 $��ZJQ �0
�� Ðj

k�s ^³�1 �J�#. S b¥ �Æ��� \

¦� 1 kmË1 km ÎYª �"GH 183K �0 �(

3j8 $�:FGH ¦�#. ��®48 �(3 ��

Ðj �"GH 	NJQ MÆ%& �� (Pickering et
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