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ABSTRACT

The objective of this study was to assess the impact of El Nifio on highland kimchi cabbage
production for the period from 1991-2016 in South Korea. Years with less than 1.0 Oceanic
Nifio index (ONI) were classified into non El Nifio years, while years with equal to or
greater than 1.0 ONI were defined as El Nifio years. The national average production (3,444
kg 10a’) of high kimchi cabbage in El Nifio years tended to be less than that in non El
Nifio years (3,722 kg 10a') with significant differences (p = 0.0042) in the production
between these groups of years. The averaged production of highland kimchi cabbage of El
Nifio end years (3,289 kg 10a') was less than those of El Niiio start years and non El Nifo
years by 310 and 433 kg 10a’, respectively. Such difference was significant statistically
(p=0.035). According to our analysis, the differences in kimchi cabbage productions resulted
from low temperature, short sunshine duration, and precipitation increase during the cultivation
period of highland kimchi cabbage. This study may help for further analysis on the impact
of extreme weather conditions during El Nifio years on crop production.
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Fig. 1. El Niflo and La Nifla years, and intensities based on Oceanic Nifio Index (ONI). Events
are defined as 5 consecutive overlapping 3-month periods at or above the +0.5° anomaly for warm
(El Nifio) events, and at or below the -0.5 anomaly for cold (La Nifia) events.
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Table 2. Averaged production of highland kimchi cabbage and regression analysis of changes of the production
of highland kimchi cabbage from 1991 through 2016 according to administrative districts

Administrative district . .
kimchi cabbage

Production of highland

Regression analysis

Slop 2

(Province) (ke 10a") (ke 10yr) r P-value
Gangwon 3,582+406 -92 0.03 0.394
Jeonbuk 3,695+418 275 0.25 0.008
Gyeongbuk 3,899+318 190 0.20 0.018
Gyeongnam 3,856+757 608 0.37 <0.001
Mean 3,594+353 -35 0.00 0.708
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Fig. 2. Yearly changes of averaged production of highland kimchi cabbage (a) downloaded from the Korean
Information Service and (b) recalculated after removing the residuals according to the increase tendency of
production from 1991 through 2016 in Gyeongnam province.
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Table 3. Comparison of the production of highland kimchi cabbage between El Nifio years and non El Nifio years

Production of highland kimchi cabbage (kg 10a™)

T-test

Administrative district

(Province) non Einljﬁc; years El T:i(; 2})/ears T statistic P-value
Gangwon 3,7224292 3,418+468 2.010 0.055
Jeonbuk 3,709+388 3,679+343 0.207 0.837
Gyeongbuk 3,987+£190 3,797+343 1.698 0.107
Gyeongnam 3,681+713 4,059+359 -1.743 0.096
Mean 3,7224277 3,444+4384 2.140 0.042

Table 4. Comparison of the production of highland kimchi cabbage between El Nifio start years, El Nifio

end years, and non El Nifio years

Production of highland kimchi cabbage

Administrative district (kg 10a") ANOVA
(Province) non El Nifio El Nifio start El Nifio end Fratio P-value
years(n=14) years(n=6) years(n=6)

Gangwon 3,7224292 3,644+436 3,193+412 4752 0.018
Jeonbuk 3,709+388 3,546+297 3,811+358 0.816 0.454
Gyeongbuk 3,987+190 3,644+346 3,9514+288 3.981 0.032
Gyeongnam 3,681+713 4,173+407 3,945+294 1.578 0.227
Mean 3,7224277 3,599+359 3,289+372 3.874 0.035




284 Korean Journal of Agricultural and Forest Meteorology, Vol. 22, No. 4

%

A Loy BA

3 gA o= o EAS YeRSIh
T A=t Hot B4 Aue} upvR| 2,
A7t T2 |9 PR uje] Hd LS
3,193+412kg 102’ 0.2 A7} A|ZFSE 39} A
7 | At Be] AakgEy 242 451kg, 529kg
102" 29131, 11 Ho] BAF O §2](<0.05)%
Zog BAEITHAf=2, =4.752, p=0.018). WIH]
AAETAE AY 7t AR sljo] iR uj3=o]
B AYAkeFo] 3,644+346kg 10a’ 02 A7} 22
3t sjet Ay ot vl HhAgSE o] AAkeFECE 2zt
307kg, 343kg 10a'® 211, 1 A3Fo] AR oR
B oI5kl thdf=2, f=3.981, p=0.032). 1 9| Ae}Ew
oM AUk} AJRISE &)|9] =R |uljs=0] Hot A4k
o] AtfFoz Hgou, FAKOE [Fol8kA] Aok
1, AT A= Aurt B ale] s x|ulE
o] chQHA Y AgAilefo] u] WS SHc) 3|2 &

o 2

701-

A

77 26159t T AolH B 7k /)%
Qa1 A5 A2AZL AdSE)E Ay 1]
DR E R BIRPART R RS IS LRV TR
WY AHe] LA HE el Table 59} ek
Ak 0 kst ] Wb sfel ulaly Auert
83 dl A8 (6% ~74el 710l wora, 2
7] (1% ~84holE 7]-&0] Wil AzAIZte] 2o
U, 527] 85~94hols 71e0] BT e we
Hh, QAR A8 Ao HAECHTable ).

Iv. o &

Ao A= et SHA Y e Ay
b7t 2AYRE 7t v RAYRE S A AR Q)
ol59 W= SAXCE o3t Aom BAE I
E3L AUt St ofe] A HfEo] ik
A7} ARRE 39} AU e} AR sfEe; 22
AR FAENIL, FAXHCRE stk

A7} ZE3E dfjof LR a0 Ao Lo}
R Alle 7152 SHell sidshd, A= 57|
o] AL = & 7 Uk RS A7) (B
A% I © A5 27]9] Aol ol =
et A = QAL S $7]9] dRof osf Z
7b ZEhes S 9 e SAE0) A4 4Rl
ojFo|A F T7HE AT FF AHel A
o] LA o] Aakefo] Hashe glo] 2
ek o 37]9) e W A Sto|h
1990t Z2RHEE J1=YA] WS AEfA| ol FAs)
Al S7FIL e S B2 thEshal alZolA 4
Al Ey3t= 2 (Lee and Heo, 2018) AG7] 0|5 2] o
& Aol FEAQ] S Rl AR deE

Y

FRT S A7l et e 90 9=
g YA wlj S Aakoll @51 fElgh @
Ao 2 TAHE Rt Lee and Heo (2018)=
YR E=0] T AT ik ASA 7 7%
0] ol TeAUO) HlAT Al
F719] 71& 9 ARARIOIE BARE fofet &
o AE Helthar Husiqle}. &, 21719 #]29

oo
w i

o

Table 5. Comparison of climate elements between El Nifio start years, El Nifio end years, and non El Nifio

years at an alpine station (Daegwallyeong).

Growing period

Heading period Harvest period

(M. Jun. to F. Jul)

(M. Jul. to F. Aug.)

(M. Aug. to F. Sep.)

Climate elements non El El Nifio EI Nifio non El El Nifio E} non El . E~1
. . Nifio . El Nifo Nifio
Nifio start end Nifio start Nifio

ears ears ears ears ears end ears start years  end
y y y y y years y years

Mean Temp. (°C) 17.5 17.3 16.9 20.7 20.1 19.7 18.0 17.9 18.7
Max. Temp. (°C) 22.3 21.9 21.1 24.9 23.9 23.2 22.5 224 22.5
Min. Temp. (°C) 13.5 13.2 13.3 17.7 17.1 17.0 14.5 14.1 15.8
Precipitation (mm) 251.0 248.3 239.0 343.6 340.6  323.6 2979 395.5 397.2
Sunshine hour (hr) 158.2 175.9 156.2 150.4 146.0 121.8 135.6 156.4 113.6
Relative humidity (%) 82.9 81.3 83.3 85.7 86.4 86.4 87.0 859 87.6
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