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Impact of Climate Change Induced by the Increasing
Atmospheric CO, Concentration on Agroclimatic Resources,
Net Primary Productivity and Rice Yield Potential in Korea

Byun Woo Lee*, Jin Chul Shin** and Jong Hon Bong***

ABSTRACT : The atmospheric carbon dioxide concentration is ever-increasing and expected to reach about
600 ppmv some time during next century. Such an increase of CO, may cause a warming of the earth’s surface
of 1.5t0 4.5, resulting in great changes in natural and agricultural ecosystems. The climatic scenario under
doubled CO. projected by general circulation model of Goddard Institute for Space Studies(GISS) was
adopted to evaluate the potential impact of climate change on agroclimatic resources, net primary productiv-
ity and rice productivity in Korea,

The annual mean temperature was expected to rise by 3.5 to 4.0°C and the annual precipitation to vary by
-5 to 20% as compared to current normal climate (1951 to 1980), resulting in the increase of possible duration
of crop growth(days above 15C in daily mean temperature) by 30 to 50 days and of effective accumulated
temperature (EAT=3Ti, Ti=10C) by 1200 to 1500°C - day which roughly corresponds to the shift of its isopleth
northward by 300 to 400 km and by 600 to 700 m in altitude. The hydrological condition evaluated by radiative
dryness index (RDI=Rn/£ P) is presumed to change slightly, The net primary productivity under the 2 xCO,
climate was estimated to decrease by 3 to 4% when calculated without considering the photosynthesis
stimulation due to CO, enrichment.

Empirical crop-weather model was constructed for national rice yield prediction. The rice yields predicted
by this model under 2x CO, climatic scenario at the technological level of 1987 were lower by 34~43% than
those under current normal climate.

The parameters of MACROS, a dynamic simulation model from IRRI; were modified to simulate the growth
and development of Korean rice cultivars under current and doubled CO, climatic condition. When simulated
starting seedling emergence of May 10, the rice yield of Hwaseongbyeo (medium maturity) under 2xCO,
climate in Suwon showed 37% reduction compared to that under current normal climate.

The yield reduction was ascribable mainly to the shortening of vegetative and ripening period due to
accelerated development by higher temperature. Any simulated yields when shifted emergence date from April
10 to July 10 with Hwaseongbyeo (medium maturity) and Palgeum (late maturity) under 2xCO, climate did
not exceed the yield of Hwaseongbyeo simulated at seedling emergence on May 10 under current climate. The
imaginary variety, having the same characteristics as those of Hwaseongbyeo except growth duration of 100
days from seedling emergence to heading, showed 4% increase in yield when simulated at seedling emergence
on May 25 producing the highest yield. The simulation revealed that grain yields of rice increase to a greater
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extent under CO,-doubled condition than under current atmospheric CO, concentration as the plant type

becomes more erect.
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Table 1. Changes in monthly mean temperature(AT, ‘C) and monthly precipitation(AP, %) due to a
doubling of atmospheric CO, predicted by the GISS GCM in Korea.

Month January February March April May June
AT 4.0 4.3 4.3 3.8 4.3 3.8
AP 0 0 0 +15 +15 +15

Month July August September October November December
aT 3.3 3.5 4.2 3.0 3.5 3.5
AP -5 -5 -5 +5 +5 +5
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Fig. 1. The CO 2 modification factor for net photo-
synthesis due to the CO 2 doubling from 330
ppmv to 660 ppmv. (Adopted from DOE,
1990)
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Dec.-Feb.

Fig. 2, Geographical distribution of GISS GCM
-generated change in temperature (C)
over Korean peninsula. Numbers on iso-
therms indicate the difference between 1 X
CO, and 2xCO, equillibrium climate (2X
CO,-1xCO0O,) .
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Fig. 3. Geographical distribution of GISS GCM
-generated changes in precipitation (%)
over Korean peninsula, Numbers on iso-
hyets indicate departure (%) of 2xCO,
from 1XCO, equillibrium climate (2 X CO,/
1xCO,-1) X 100.

Fig. 4. Regional distribution of crop growth dura-
tion (Number of days above 15C in daily
mean air temperature) for baseline climate
(-) and 2XxCQ, equillibrium climate (---) .
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Fig. 5. Regional distribution of effective ac-
cumulated temperature (C - day) for
baseline climate(-) and 2XxCO. equilli-
brium climate (-—--).
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Table 2. Seasonal distribution of radiative dryness index (RDI) under normal and 2 X CO; equillibrium climate

in Korea.
Climate Statistic Spring Summer Autumn Winter Annual
Normal (A) mean 1.50 0.60 0.62 0.22 0.70
range 1.46~1.55 0.59~0.61 0.57~0.69 0.13~0.34 0.67~0.74
2% CO,(B) mean 1.30 0.60 0.59 0.14 0.66
range 1.26~1.35 0.59~0.60 0.54~0.66 0.06~0.27 0.63~0.70
B/A mean 0.87 1.00 0.95 0.64 0.94

Table 3. Regional distribution of net primary pro-
ductivity (NPP) of natural ecosystem
under normal and 2xCO, equillibrium

climate.
Climate NPP(ton/ha)
mean range
Normal (A) 13.7 13.2~14.3
2xCO, (B) 13.2 12.7~13.9
A/B 0.97 0.96~0.97
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2 F7 ¥ A £RPASEE 25~45TH el
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a8y gEe ALE B dFdAs Fd
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3. kiEel KRR
1) EEE ER o3 AT KEMN Bk FR
& B0 R
Az A 53 9 ArlE FEE 22
A8519-¢ o FEFE 2XCO, T3kl 2
K kEHS vlm - AEY] Aste EEE K
g At (34)
Sevte}l AkiES) datel = kEMS] Wi
74, 89, 949 HE7 L9 dife] wE Ustst

Table 4. Crop-climate regression model to predict
rice yield (kg/10a) for each province of

Korea.
Variable Coefficient ProbyF
INTERCEP 425.035000 0.0001
YEAR -106.783690 0.0009
YEAR % * 2 39.268669 0.0001
YEAR % % 3 -5.118532 0.0001
YEAR % % 4 0.283087 0.0001
YEAR*% % 5 -0.005619 0.0001
RCT* % 2 0.01700 0.0029
DELCS8 8.30900 0.0937
DELCO % % 2 -18.94300 0.0001
DFN 7 8.72900 0.0025
DFN 9 8.25100 0.0750
DFN § * * 2 -10.90300 0.0001
DFN 9 % * 2 -6.01100 0.0914

NOTE :

YEAR denotes number subtracted 1968 from year

RCT denotes percentage covered by Tongil type
varieties

DFL denotes departure from monthly mean
temperature averaged over 8§ weather sta-
tions located in each province(Suwon,
Chunchon, Cheongju, Daejon, jeonju, Kwan-
gju, Taegu, Ulsan)

DFN denotes departure from normal
mean temperature

monthly

* % 7,8 and 9 suffixed at each variables mean July,
August and September, respectively.
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Fig. 6. Observed and estimated yield trend of rice

in Korea.
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Table 5. Polished rice yield (kg/10a) predicted under normal and 2 x CO, equillibrium climate generated by

GISS GCM
Province Normal climate (A) 2% CO 2 Climate (B) (B/A) * 100
Kyunggi 467 291 62.3
Kangwon 413 236 57.1
Choongbuk 491 314 64.0
Choongnam 475 299 62.9
Chonbuk 475 299 62.9
Chonnam 518 341 65.8
Kyungbuk 484 308 63.6
Kyungnam 474 298 62.9
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Table 7. Growth duration, biomass and economic
vield of rice simulated under 2 X CO, equil-
librium climate (scenario) in
Daegwanryong. The seeding emergence
was fixed on May10.

Character Odaebyeo Hwaseong-
byeo

Seedling emergence 86 74

to heading (days)

Heading to 44 34

maturity (days)

Seedling emergence 130 108

to maturity {days)

Biomass vield (kg/ha) 794 850

Grain yield (kg/ha) 527 508

z2 1623kg/10a, %2 911kg/10a2A FIFR
BEAART 16%, 13% 715k Aoz d55
oo}

43 izl BERGEZASN NS & ¢
227} o 2000C - dayA =2 o] Awlrt £}
Sl 2xCO, FESIAE ARAEHERET o
3500C AR 24 - TAZ Ao st sh5s)
oA Aoz M, ZAF oo} FAFa
F492 59 109 (HHE71& 15C) Eo1d 7o
2 74Fste) A mo4Addst A (Table?)
S el shdwle] g2 77t 527kg/10a%t
508k/10ac.2 Ao o U9 FER
ol ARt e fkaldl djiae] 2xCO; R
Bol A Zolrle £x& oo 493} ulss
AEAHLE Vo] 7t =
&5 wiiel Aoz Ak},

BREM RATEER
F7h wstele ol A-g3tr) Aste] Ay

Table 6. Growth duration, biomass and grain yield of rice simulated under normal and 2 x CO, equillibrium
climate in Suwon, The seedling emergence was fixed on May 10.

Hwaseongbyeo Palgeumbyeo

Character Normal Scenario 1 Scenario 2 Normal Scenario 2
_Seed]mg emergence to head- 100 100 75 120 92
ing (day)

Heading to maturity (day) 42 42 32 55 36
S.eedlmg emergence to matu- 142 142 107 175 128
rity (day)

Biomass yield (kg/10a) 1, 396 1, 623 850 1,527 1, 346
Grain yield (kg/10a) 807 911 508 657 657

* Scenario 1 and scenario 2 denote normal climate with CO, doubled condition and GISS GCM generated 2 X

CO, equillibrium climate, respectively.
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PAL 2xC MOD 2xC Fig. 8. Biomass yield in response to date of seed-
Fig. 7. Growth duration in response to date of seed- ling emergence simulated under normal
ling emergence simulated under normal climate(NOR) and 2xCO, equillibrium cli-
climate(NOR) 2xCO, equillibrium climate mate(2XC) in three rice varieties ;
(2xC) in three rice varieties ; Hwaseong- Hwaseongbyeo (HWA), Palgeum(PAL)
byeo(HWA), Palgeum(PAL), and imagi- and imaginary one (MOD) having the same
nary one (MOD) having the same char- characteristics with Hwaseongbyeo
acterisitics with Hwaseongbyeo except except growth duration which were fixed
growth duration which were fixed as 100 as 100 days from seedling emergence to

days from seedling emergence to heading. heading.
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Fig. 9. Grain yield in response to date of seedling
emergence simulated under normal climate
(NOR) and 2xCO;, equillibrium climate (2 X
C) in three rice varieties ; Hwaseongbyeo
(HWA), Palgeum(PAL) and imaginary
one(MOD) having the same character-
istics with Hwaseongbyeo except growth
duration which were fixed as 100 days from
seedling emergence to heading.
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Fig. 10. Growth duration (—) and biomass (---)
and grain yield (---) in response to date
of seedling emergence simulated under 2 X
CO, equillibrium climate in
Daegwanryong for Odaebyeo () and
Hwaseongbyeo.

Table 8. Plant types with different leaf angle distri-
bution postulated for the dynamic simula-
tion of rice growth and yield,

Leaf angel distribution

Plant t
ant tYPe 53y 30~60 60~90 oo

Typel 0.134  0.366 0.50  Spherical

Type2  0.107  0.268  0.625

Type3 0.08  0.170 0.750 -IR8

Typed  0.04  0.085  0.875

Type5  0.01  0.040  0.950

Type 6 0 0 1

1700+ 1200
_ 1600
= 1100 &
o 1500 =
= g
= 1400 =t
= 1000 2
2 1300 >
: £
8 1200 L anp O
= 900

1100

10004 x . . ‘ 800

1 2 3 4 5 6
Plant Type

—a8— biom 2xCO
—%— grain 2xCO

—a— biom norm
—%— grain norm

Fig. 11. Response of biomass and grain yield to the
modification of plant type as in table 8.
simulated under current atmospheric CO,
concentration(norm), and doubled CO,
condition (2XCO,) at normal climate in
Suwon,
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