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ABSTRACT

Over the 20th century global temperature increase has been 0.6°C. The globally averaged surface tem-
perature is projected to increase by1.4 to 5.8°C over the period 1990 to 2100. Nearly all land areas will
have higher maximum temperature and minimum temperature, and fewer cold days and frost days.
More intense precipitation events will take place over many areas. Over most mid-latitude continental
interiors will have increased summer continental drying and associated risk of drought. By 2100, if the
annual surface temperature increase is 3.5°C, we will have 15.9°C from 12.4°C at present. Also the
annual precipitation will range 1,118-2,447 mm from 972-1,841 mm at present in Korea. Conse-
quently the average crop periods for summer crops will be 250 days that prolonged 32 days than at
present. In the case of gradual increase of global warming, an annual crop can be adapted to the
changing climate through the selection of filial generations in breeding process. The perennial crops
such as an apple should be shifted the chief producing place to northern or high latitude areas where
below 13.5°C of the annual surface temperature. If global warming happens suddenly over the thresh-
old atmospheric greenhouse gases, then all ecosystems will have tremendous disturbance. Agricul-
tural land-use plan, which state that farmers decide what to plant, based on their climate-based
advantages. Therefore, farmers will mitigate possible negative impacts associated with the climate
change. The farmers will have application to use agricultural meteorological information system, and
agricultural long-range weather forecast system for their agroecosystems management. The ideal
types of crops under CO; increase and climate change conditions are considered that ecological char-
acteristics need indispensable to accomplish the sustainable agriculture as the diversification of genetic
resources from yield-oriented to biomass-oriented characteristics with higher potential of CO, absorp-
tion and primary production. In addition, a heat-and-cold tolerance, a pest resistance, an environmen-
tal adaptability, and production stability should be also incorporated collectively into integrated
agroecosystem.

Key words : climate change, global warming, agreclimate, agroecosystem, crop ideotype.
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Table 1. Estimates of confidence in observed and projected changes in extreme weather and climates (IPCC, 2001a)

Confidence in observed changes

Changes in phenomenon

Confidence in projected changes

(latter half of the 20th century) (during the 21st century)
Likely' Higher maximum temperatures and hot Very likely?
days over nearly all land areas
Very likely? Higher minimum temperatures, fewer cold Very likely?
days and frost days over most land areas
Very likely” Reduced diurnal temperature range over Very likely?

most land areas
Likely', over many areas
Likely', over many
Northern Hemisphere mid-to high

latitude land area

Likely!, in a few area

No observed in the few analyses

available intensities®

Insufficient data for assessment

Increase of heat index® over land areas

Increased summer continental drying and
associated risk or drought

Increase in tropical cyclone peak wind

Increase in tropical cyclone mean and

Very likely?, over most areas

More intense precipitation events*

Very likely?, over most areas

Likely’, over most mid-latitude
continental interiors. (Lack of
consistent projections in other
areas)

Likely', over some areas

Likely', over some areas

peak precipitation intensities®

166-90% chance.
201-99% chance.

3A combination of temperature and humidity that measures effects on human comfort.
“For other areas, there are either insufficient data or conflicting analyses.
3Past and future changes in tropical cyclone location and frequency are uncertain.
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Table 2. Estimation of changed annual mean surface temperature in Korea based on “IS92a Model” for the global climate
change of the 21st century

Present Global warming (+3.5°C)

Annual mean air Climatic zone Annual mean air Climatic zone
temperature (°C)  (Mean temp. of Jan.)  temperature (°C) (Mean temp. of Jan.)

Place (Subpolar or temperate
sites at present)

Subpol. Subpolar (-4.1°C) (Daegwanryeong)
ubpolar o
Below 10°C 9.9-13.5°C Temperate
-7.6~-3.5°C p ‘
( ) (-1.70.0C) (Inje, Tacbaek, Chunyang)
Subpolar (Cheolweon, Chucheon,
(-5.6~-3.8°C) Temperate Weonju, Ganghwa,
10.1-11.0°C 13.6-14.5°C @ 1~$2 60 Yangpyeong, Jecheon
’I;egnperatoe ‘ : Hongcheon, Boeun)
(-16~-0.9°C) Jangsu, Imsil
Subpolar Incheon, Suwon, Chungju,
(-3.0~-1.8°C) Seosan,
Chupungryeong, Andong,
11.1-12.0°C I 14.6-15.5°C (_geéfﬁiritﬁc Icheon, Cheonan, Buyeo,
3e(r)nperage o Geumsan, Yeongju,
(-:3.0~-1.8°C) Mungyeong, Uiseong,
Geochang
Sokcho, Gangreung, Seoul,
Ulreugdo Uljin, Cheongju,
Daejeon, Gunsan, Jeonju,
Temperate Temperate Boryeong, Buan, Jeongeup,
- 04 _ 0
12.1-13.0°C (-2.8~-0.3°C) 15.6-16.5°C (0.6~+3.8°C) Namweon, Suncheon,
Jangheung, Yeongdeok,
Gumi, Hapcheon, Yeongcheon,
Milyang, Sancheong
Temperate Pohang., Da.eg.u, Ulsan,
Temperate (3.5~5.2°C) Kwangju, ijq, Haenam,
13.1-14.0°C 00 p2 0 16.6-17.5°C : Goheung, Geoje, Namhae
R Subtropical
(6.2°C) Wando
Temperate
Mokpo, Yeosu
5.3~5.7°C ’
14.1-15.0°C Temperate 17.5-18.5°C ( ©)
(1.8~3.0°C) Subtropical M B Tongveon
(6.2~6.5°C) asan, Busan, Tongyeong
" Temperate o Subtropical .
15.1-16.0°C (5.0~5.6°C) 18.6-19.5°C (8.5-9.1°C) Jeju, Seongsanpo
16.1-17.0°C Subtropical 19.7°C Subtropical Seogwipo

(6.6°C) ) (6.6°C)
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Table 3. Estimation of changed the summer crop period* in Korea based on “IS92a Model” for the global climate change of

the 21st century
Place [A] Crop period at present  [B] Crop period at global [B-A] Diff. [C] Crop period in 1998 [C-A] Diff.

(d) warming[+3.5°C] (d) (d) ) ()]
Chuncheon 200 (8 Apr-24 Oct) 227 (28 Mar- 9 Nov) 27 196 (6 Apr-18 Oct) -4
Gangreung 220 (4 Apr-9 Nov) 254 (19 Mar-27 Nov) 34 227 (3 Apr-16 Nov) 7
Cheongju 209 (5 Apr-30 Oct) 240 (21 Mar-15 Nov) 31 226 (4 Apr-16 Nov) 17
Suwon 207 (7 Apr-30 Oct) 234 (27 Mar-15 Nov) 27 227 (4 Apr-17 Nov) 20
Daejeon 209 (5 Apr-30 Oct) 242 (20 Mar-16 Nov) 33 209 (4 Apr-31 Oct) 0
Jeonju 218 (4 Apr-7 Nov) 246 (19 Mar-19 Nov) 28 226 (4 Apr-16 Nov) 8
Gwangju 223 (4 Apr-12 Nov) 254 (18 Mar-26 Nov) 31 226 (4 Apr-16 Nov) 3
Daegu 228 (28 Mar-10 Nov) 253 (13 Mar-20 Nov) 25 226 (4 Apr-16 Nov) -2
Jinju 220 (4 Apr-9 Nov) 246 (17 Mar-17 Nov) 26 220 (4 Apr-9 Nov) 0
Jeju 245 (28 Mar-27 Nov) 302 (27 Feb-26 Dec) 57 228 (4 Apr-17 Nov) -17
Average 218 250 32 221 3.2

*Summer crop period: consecutive days above 10°C of daily mean air temperature.
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Fig. 1. Change of agroclimate zone for winter barleys (hulled, naked, and malting barley) based on mean air temperature of

January for duration from 1987 to 1999(4] 5, 2000).
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Table 4. Crop varietal characteristics of ideotype for sustainable agriculture and climate change in the future

Characteristics Present ideotype Future ideotype Remark
1. Prduction Material cycle system of
® Biomass Small Large agricultural byproducts as
® Harvest index High Rather low a organic fertilizer in the
e LAl 3-4 Higher than 4 agroecosystem.
e Fertilizer level High Low
¢ Plant type Erect Erect
® Plant height Semi-dwarf or dwarf Rather tall
e Tillering Intermediate High
® Branching Intermediate High

® Productivity

Economic yield per area
and time

Biomass per area and time

2. Adaptability

® CO, efficiency High High Increasing CO,
® Heat tolerance High High Global warming
¢ Cold tolerance High High Extreme climate
e Site Wide Specific Topography & soil
o Climate Wide Specific Agroclimate zone
® Unusual weather Wide Wide Extreme climate
® Seasonal variation Wide Wide
® Pests Resistance Broad-horizon field
resistance
® Agroenvironment Specific Specific Socioeconomic
e Competitiveness (major production)
- With other crops Intermediate Good adaptation for Sustained crop stability
intercropping
- With other cultivar Little interested Strong Crop stability
- With weeds Strong Strong
e Growth duration Short (early) Long(late) Prolonged crop period by
® Maturity type Determinate Intermediate global warming
(soybean,tube crops)
3. Root system
® Root activity Strong More strong Oxidation of methane in
paddy soil (?)
¢ Tolerance to organic acids Strong More strong

(rice)
o N fixation

e Soil microbes association

Legume only
Inefficient

Other crops
Efficient

Mycorrhyzae, bacteria

o Distributuion Shallow or medium Deep (direct sowing rice) Lodging tolerance
4. Seed

® Size Large Rather small or long Substantiality

¢ Grain/panicle Intermediate High Ripening in warm

® Ripening High High temperature
5. Genetic structure Stability to crop risk

® [nbreeder Pure line Muitiline

e QOutcrosser Hybrids Synthetic cultivar

*Adapted and modified from Janssens e al.(1990).
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