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Global Warming on Double Cropping in North Korea
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ABSTRACT In order to evaluate the benefits of global
warming on the double cropping with staple crops in
North-Korea, four aspects such as the increasing rate of air
temperature, the wintering temperatures for winter crops, the
causing temperature of cool injury to rice and the securing
of accumulated temperature for the double cropping in the
different agricultural climate zones were analyzed by com-
paring the differences between the past 22 years from 1973
to 1994 and the recent 5 years from 2002 to 2006. The
warming rate in recent daily mean air temperature of 8.96°C
in North Korea was higher by 0.64C than that in the past
with large regional variations ranging from 1.06C in
Samjiyeon of northern inland semi-alpine zone to 12.26C
in Jangjeon of east central coastal zone. With the accumu-
lated temperatures of more than 3,150C and 2,6507C, it
was possible to apply the double cropping patterns with
winter wheat and for cropping patterns with spring potato,
respectively, to the whole region except for the northern
inland semi-alpine zone. However, the wintering tempe-
rature higher than -15°C of average daily minimum air tem-
perature of January, cropping patterns were impossible to
northern inland semi-alpine zone and most regions of the
northern mountainous zone. The days passed by below 17C
in daily mean air temperature, causing the spikelet sterility
at meiotic stage of rice in July, were a lot recorded from
21 to 29 days in northern inland semi-alpine zone and from
2 to 10 days in east-northern coastal zone, respectively.
Therefore, a reasonable utilization of heat/temperature
resources would relieve the limiting factors in double
cropping for stable production of staple crops in North-
Korea.
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Table 1. The changes of the yearly total air temperature and it's regional variation during 28 years from 1973 to 2009 in North Korea.

Agricultural zone

Air temperature (C)

Past 22 years

Recent 5 years

(County / City) (1973~ 1994) (2002~ 2006) 2009
Northern inland semi-alpine zone 806 1,072 950
(Samjiyeon, Jangjin, Pungsan, Hesan) Samjiyeon (188) Samjiyeon (381) Samjiyeon (292)
~Hesan (1,362) ~Hesan (1,569) ~Hesan (1,468)
Northern mountainous zone 2,548 2,680 2,663
(Junggang, Ganggeo, Hicheon) Junggang (1,989) Junggang (2,024) Junggang (1,986)
~Hichen (3,088) ~ Hichen (3,304) ~ Hichen (3,246)
East-Northern coastal northern zone 2,772 2,947 2,906
(Seonbong, Cheongjin) Seonbong (2,586) Seonbong (2,734) Seonbong (2,692)
~Cheongjin  (2,957) ~Cheongjin  (3,160) ~Cheongjin (3,119)
Central mountainous zone 2,952 3,309 3,234
(Yangdeok)
East-Northern coastal southern zone 3,387 3,668 3,544
(Kimchaek, Sinpo) Kimchaek (3,245) Kimchaek (3,531) Kimchaek (3,418)
~ Sinpo (3,528) ~ Sinpo (3,805) ~ Sinpo (3,669)
Western central mountainous zone 3,424 3,673 3,589
(Pyeonggang, Gusung, Supoong, Anju, Pyeonggang  (3,195) Pyeonggang  (3,450) Pyeonggang  (3,289)
Singeo) ~ Singeo (3,687) ~ Singeo (3,948) ~ Singeo (3,943)
Western coastal plain zone 3,845 4,030 4,066
(Sineuiju, Yong-yeon, Sariwon, Nampo, Sineuiju (3,477) Sineuiju (3,675) Sineuiju (3,625)
Gaesung, Haeju) ~Haeju (4,043) ~Haeju (4,330) ~Haeju (4,420)
Pyeongyang suburbs 3,903 4,013 4,099
East central coastal zone 3,966 4,245 4,186
(Hamhung, Weonsan, Jangjin) Hamhung (3,616) Hamhung (3,969) Hamhung (3,930)
~ Jangjin (4,282) ~ Jangjin (4,479) ~ Jangjin (4,4432)
Yearly regional variation 3,038 3,271 3,219
Samjiyeon (188) Samjiyeon (381) Samjiyeon (292)
~Jangjeon  (4,282) ~Jangjeon  (4,497) ~Jangjeon  (4,432)
Daily regional variation 8.32 8.96 8.82

Samjiyeon (0.50)
~Jangjeon  (11.70)

Samjiyeon (1.06)
~Jangjeon  (12.26)

Samjiyeon 0.8)
~ Haeju (12.11)

"Numerals with ranges within parenthesis refer to the regional variation.
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Table 2. The yearly regional distributions of changes in the double cropping based on regions with more than minus 13C
for winter barley and more than minus 15°C for winter wheat by average of minimum air temperature of January
in the different agricultural zones of North Korea.

Average of minimum air temperature (C)

Agricultural zone

. Past 22 years Recent 5 years
County/ Cit
(County/ City) (1973 ~ 1994) (2002 ~2006) 2009
Northern inland semi-alpine zone 219~ -233 214~ 222 206~ 224
(Samjiyeon, Jangjin, Pungsan, Hesan)
Northern mountainous zone -13.7~ -21.1 -142~ -21.1
. -15.8~ -22.8 ) )
(Junggang, Ganggeo, Hicheon) Hicheon (-13.7) Hicheon (-14.2)
Central mountainous zone
(Yangdeok) -15.3 -14.1 -13.7
i -11.9~ -14.0
Western central mountainous zone ‘ - : S92~ 121 105~ -13.1
(Pyeonggang, Gusung, Supoong, Anju, Singeo) Singeo (-11.9)
East-Northern coast'a.l northern zone - 95~ 117 S 82~ 111 - 80~ -10.0
(Seonbong, Cheongjin)
East-Northern coastal southern zone
(Kimchack, Sinpo) - 79~ - 8.0 - 68~ -170 -70~ -175
East central coastal zone 47~ - 97 -39~ - 86 S 58~ - 87

(Hamhung, Weonsan, Jangjin)

Western coastal plain zone
(Sineoiju, Yongyeon, Sariwon, Nampo, - 79~ -129 - 64~ -11.0 - 58~ -97
Gaesung, Haeju)

Pyeongyang suburbs -10.9 -92 - 89

Double cropping with winter barley + rice Double cropping with winter wheat + rice
(more than minus 13C) (more than minus 15C)
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Table 3. Number of days passed below 17°C by daily mean air temperature in July causing the sterility of spikelets at meiotic
stage of rice plant in the different agricultural zones of North Korea.

Aericultural zone Average Days passed below 17°C on July, 2009
& temperature( C) Early Medium Late
Northern inland semi-alpine zone 14.9-16.2 8-10 5-8 8-11
(Samjiyeon, Jangjin, Pungsan, Hesan) Hesan (19.0) 2 0 1
East-Northern coastal northern zone 18.1 5 3 2
(Seonbong, Cheongjin) 18.5 5 2 1
East-Northern coastal southern zone 19.0 5 0 0
(Kimchaek, Sinpo) 20.2 2
Northern mountainous zone Junggang (21.0) 1 0 0
(Junggang, Ganggeo, Hicheon) 21.6-22.4 0 0 0
Western central mountainous zone Pyeonggang (21.1) 1
. . 0 0
(Pyeonggang, Gusung, Supoong, Anju, Singeo) 22.2-22.9 0
Central mountainous zone
(Yangdeok) 214 0 0 0
East central coastal zone 214218 0 0 0

(Hamhung, Weonsan, Jangjeon)

Western coastal plain zone

(Sinuiju, Pyeongyang, Yongyeon, Sariwon, Nampo, 22.8-23.1 0 0 0
Gaesung, Haeju)

Pyeongyang suburbs 234 0 0 0
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Table 4. Estimated accumulated temperatures of more than 5C by daily mean air temperature for each double cropping patterns
excluding artificial temperature for yearly regional changes in double cropping in North Korea.

Accumulated temperature (C)
Agricultural zone Av. 22 years Av. 5 years
(1973 ~1994) (2002 ~2006) 2009
Northern inland semi-alpine zone 2,243 2,472 2,374
(Samjiyeon, Jangjin, Pungsan, Hesan) (1,742-2,808) (2,053-2,957) (2,040-2,867)
Hesan (2,808) Hesan (2,957) Hesan (2,867)
East-Northern coastal northern zone 3,144 3,273 3,232
(Seonbong, Cheongjin) (3,040-3,247) (3,130-3,416) (3,095-3,368)
Cheogjin (3,247) Cheogjin (3,416) Cheogjin (3,368)
Northern mountainous zone 3,607 3,545
(Junggang, Ganggeo, Hicheon) Junggang (3,342) Junggang (3,284)
Ganggeo (3,317)
Hicheon(3,637) (3,342-3,850)
East-Northern coastal southern zone 3,503 3,711
(Kimchaek, Sinpo) (3,395-3,611) (3,598-3,823) (3,605-3,945)
Sinpo(3,611)
Central mountainous zone 3,484 ,74 3,690
(Yangdeok)
Western central mountainous zone 3,794 4,000 3,971
(Pyeonggang, Gusung, Supoong, Anju, Singeo) (3,600-3,985) (3,744-4,187) (3,817-4,150)
East central coastal zone 3,957 4,261 4,032
(Hamhung, Weonsan, Jangjeon) (3,767-4,173) (4,063-4,428) (3,945-4,141)
Western coastal plain zone 3,991 4,230 4,206
(Sinuiju, Pyeongyang, Yongyeon, Sariwon, (3842-4130) (4042-4393) (3,993-4,386)

Nampo, Gaesung, Haeju)

Winter wheat + Winter wheat + Potato + Maize Potato + Soybean Potato + Rice
Maize (3,500C) Soybean (3,200C) (3,000C) (2,700C) (2,650C)

*Numerals with ranges within parenthesis refer to the regional variation.
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