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Study on the Abnormal Climate Index and its Application

-with focus on Agricultural Sector in Korea

Mia Kim

Department of Environmental Atmospheric Sciences, the Graduate School,

Pukyong National University

Abstract

A new index to project a crop production, ACI(Agricultural
Abnormal ' Climate Index) based on the projection of weather
conditions, has been 'developed. The conceptual framework of ACI
was defined as impacts of high temperature, cold surge, drought,
sunshine duration period and gale. The daily observed data for the
period of 1975 to 2013 has been investigated to fine a relationship
with rice production.. The observed meteorological data includes
temperature, precipitation,~wind speed and sunshine duration. And
the target research area has been limited to Chungcheongnam-do
and Jeollanam-do. These two provinces are the largest rice
production regions in Korea.

The first step to develop ACI is started to judge a criteria
value of each meteorological factor to rice production damage. The

critical meteorological factors have different units or dimensions,

- xii -
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such as temperature, precipitation, wind speed and sunshine
duration. A normalization technique has applied to the distribution
of each meteorological factor to merge each other for ACI as the
second step. Thus, the mean of normalized variable is 0 together 1
as standard deviation. Then, as third step, the impact of each
meteorological variable has judged on the categories of standard
deviation values. If any of meteorological index exceed criteria, it
has defined as “occurrence of abnormal climate to damage” on the
rice production. Finally the ACI has generalized to apply to
different regions, in which the criteria values are. no longer the
same, by setting the ACI as 100 so that a damage may expected
when the ACI wvalue exceeds 100. Otherwise, there is no impact
from the selected meteorological factor.

The relationship between rice production and ACI in
Chungcheongnam-do and Jeollanam-do has been investigated
respectively. The results show that the coefficient of correlation
between ACI and rice - production is -04 and -0.3 iIn
Chungcheongnam-do and Jeollanam—do, respectively. The negative
relationship means the rice production has marked less than normal
with high ACI value and vice versa for the small ACI value. It has
been observed that the impact of heat wave has increased and that
of cold surge has decreased during 1980‘'s to 2000’s. And impact of
shortage of sunshine duration has increased conspicuously until

2000°s.

- Xxiii -
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The developed ACI has applied to provide a future
prospective of rice production at the beginning of 2014 with the
projection of long-term weather from Jan. 1% to the end of Oct.
,2014. The long-term climate projection has made with the
meteorological condition at the time point of Jan. 1°' to 5th, 2014 as
initial condition and the observed SST and Sea Ice anomalies as
boundary condition for 10 month integration. The climate model is
the GME, uniform icosahedral-hexagonal grid global model, used as
operational global numerical weather prediction model of the
German Weather Service. The estimated ACI is 0 estimated results
of this long-term projection.-of weather for 2014 at the beginning of
2014. It represents there is no meteorological event to damage to
rice production. Accordingly, we may expect a good rice production

in 2014.

- Xiv -
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Table 1 The criteria of damages on
occurrence about rice

weather/climate and damages

Damage o Damage
Criteria of damage Influence
type aspect
High Over 35C among o .
o _ Lose of pollination | Sterility
temp. anthesis time(10am™12pm)
Delay of
Delay of the i
Cold . ) the earing
Under 17T on Jul. to Aug. | earing season,
damage season,
Atrophy of pollen .
Sterility
Delay of a
Lack of water during Impossibility of transplanta
Drought | . } ) }
rice transplanter rice planting -tion of
rice seadlings
R Decline. of .
i ) Under 46 hours about F Grain
Sunshine . ’ ; photosynthesis, .
¢ sunshine - duration during T filling
lack 4. germination ' of
e ripening stage A ¥ faulty
grain filling seed
Occurrence of
white head
. causing
Over. 17ms-Y. about | daily ) .
; ] ) dehydration, Sterility,
maximum wind speed during .
Gale Drop .down Deterio
from ‘before "3 days to after .
- Crop, —ration
10 days-heading
Occurrence of
discoloration
causing friction
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Table 2 The criteria of damages, period and variable about
weather/climate for rice

Proxy o . .
. Criteria of damage Period Variable
Variables
. Daily
High The number of the days over 21st Jul. )
5 maximum
temp. 35T on temperature ~20th Aug.
temperature
Cold The number of the days below Daily mean
i Jul.~ Aug.
R damage | 17C on temperature temperature
The number of days below Daily
I | Drought May ~ Jun. T
-1 on SPI precipitation
C .
. Daily
e | Sunshine | The number of the days below |~21st Aug. )
| | sunshine
lack 4.6-hours for duration of sunshine | ~20th-Sep. .
duration
Daily
The number of-the days 21st Jul. ;
Gale i maximum
over 17ms-! for wind speed ~20th ‘Aug. ]
wind speed

o deEs B 7HEe B4 AFz Asnc ¥

(SPI, Standard Precipitation ‘Index)= Mckee et al.(1993)el] <]l 7

A

FIN

LU

, 18R b el WS T e Aol SPI= A

9
o o ARE Eojrkd FeBE AsEsl WAL A BAT 5

2 1H(Szinell et al., 1998;Szalai et al., 2000) & QS AMR3FA] il
T g&4do=z AL 4 Qv aela oeksk Az 2HE00E, 3714, 9

Mg, 12704 )] 7heol ud A8l 7hssty xEsE AXus #

Aol ot Hayes et al, 1999). SPI¢] &< 7]71¢l 1/1€Y 71H4 LS 44

|rw AT o glomw J A= 171dl diste] AE SPIS
AbgsEdaL, SPIel o3k 7ha &7 - 18 7he 9d dARe= AA s
At

— 9 —
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ACI= A (D= t=dt

5. ¢; X v; [v; <100— ¢; =0

v, = 100>c,=1 Y

7t s2e) JEE E 30 AUPAL o= EA QL s, 1 @

rlo
S

100 o]l Aol ¢;2 1 @= zZHA "k 28y v,7F 100e EA]

W o, E 0 7S Z2HA "k Agskd ACIE 100 ol4He]l dizlHs:

Table 3 ACI‘ description

o wE A vE dEWsrt dehlE Aol o] A5

23}

) Damage o .

1 . Description of Proxy variable
(Proxy variable, v)

1 High temperature Daily maximum temperature index

2 Cold damage Daily mean temperature index

3 Drought Standard precipitation index

4 Sunshine lack Sunshine duration index

5 Gale Daily maximum wind speed index
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Rol A& A7l YslAe E+ 3 (Normalization) 24 S A A oF 3}

=, L BgddE o] ZFA7E ATHE 4). 9 A (Ranking) > 323}
W UM deska g yolt) ANk antE B2 ARE o
HTE 24yE 971 fJA4 Evk(Nardo et al, 2005). =AY A=A =
(Re-scaling) A|3£e] ®Helel 7|vbs & W3 WHo R o HAHS A%
S5 AT88te] ol Ee] BF Fdd RAO0~DE ZE=s Ued §HA
T A AR SEHEA W, HAAE)S AT ¢ ogle o)A E =
AOJA o] g 2olEe] WH AEEA dIE THE = F= AT
(Nardo et al., 2005). 7]s=A13}2] =}o](Distance to a reference country)+=
7|Fo® st tigAFo HE FA AR &S of&ste WY
(Nardo et al., 2005), ¥ 27| ¥ (Categorical scales)> ZF HFo] ¥3te
AA5E Abolo) vl &o] 7ZIWbEs F=u olE gk s o AHE& ALt
A& 7F Alzrell whel o A WstE gkt sfr et ol gk W3k 9o
Ao & F3F S v A A Fet= Aot (Nardo et al, 2005). 1 9%
st WHoeRE it Askel A 3E(Indicators  above or below the
mean), =84 ¥ (Method _for. Cyclical - Indicators), 7Fzfo] WE&

(Percentage of annual difference over consecutive years) ¢ Ut}

B AFgA Ag3st mF3 e Z-2~39)(Z-Score)o] T}

Z-Scorex 7} HAAH O R ALEHI & WHolW, SPI® 22 %3}
WS o] 83t AFE Agolnz st WS AXAI7]7] f3te] o
3 S AASYT. Z-Scorer BE ARE HAL (O, FFEHAE
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Table 4 Summary of normalization methods (Nardo et al., 2005)

Method Equation
1. Ranking . .
ey | e k)
2. Z-score /= .'L'ZC_ JUZC: =
_ qc t
(Z-2=519]) Tpem s
3. Re-scaling . :czc—minc(xff)
()\ ﬂ] o) ZH =z 2] ) ch o ty : Ly
=AE A max,(z,') — min,.(z,)
4. Distance to r Z ty
z qc gc=c
reference cotntry. | [, =~~~ or I}, = ' —
Y0 0
(7)%215}e] o)) Pa=" frosg
. [,fa =25 if xfILE {p?‘r’th }per?entile
5. Categorical scales 50NN e {p?h — ¥ Ypercentile
(HF ~7A4Y) 75N = {p™t ~ p* '} percentile
100 if t E{ 100th __ 25th} il
1t z,,=1p p percentile
6. Indicators above | Z.=( 1 if w>(1+p)
0 if (1-p)<w<(1+p)
or below the mean —1 if w<Q+p)
(- ekgl A5E) where w = xflc/x;: -
7. Cyclical indicators ). | A,
(=A%) s Et(|xZC—Et(xZC) )
8. Balance of opinions o _ 100 . (! —at=1)
(d 43) “ N, 4 oG e ™ Fae
9. Percentage of
annual differences ; t—1
. t xqc - ch
over consecutive L, = -
X
years qc
(A7kAto] W&
— 1 2 —

Collection @ pknu



}tt(Nardo et

S

Fol7t A8

o]

4¢] 2xell 1 o] Adwslo] STt

7] o

A
it

al., 2005).

(2)

o
I

o

B
il

fvzel

N
2!

)

o171 A

(RS

S Z-ScoreZ UERWH ¥
Ak 35T

20014 35°CaL, o] #k

4
3t

152 nl¥ ] o]

1l
AT

)

0

2]
v
ryze]

ojpy
oo

"

A

s

ot o F3kel

_13_

Collection @ pknu



Daily maximum temperature

T 35°C

150 200 250

Fig. 2 Distribution of normalized daily maximum

temperature (hypothetic graph)
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Table 5 The range of index about o for daily maximum temperature

0 INDEX

greater than or equal to 24 100
greater than or equal to 2.08 less than 24 95
greater than or equal to 1.76 less than 2.08 90
greater than or equal to 1.44 less than 1.76 85
greater than or equal to 1.12 less than 1.44 80
greater than or equal to 0.8 less than 1.12 75
greater than or equal to 0.48 less than 0.8 70
greater than or equal to 0.16 less than 0.48 65
greater than or equal to -0.16 less than 0.16 60
greater than or equal to -0.48 less than -0.16 55
greater than or equal to -0.8 less than -0.48 50
greater than or equal to -1.12 less than -0.8 45
greater than or equal to -1.44 less than % 40
greater than or equal to -1.76 less than -1.44 35
greater than or equal to -2.08 less than -1.76 30
greater than or equal to -2.4 less than -2.08 25
greater than. or equal to A i less than -2.4 20
greater than or equal-to -3.04 less than =2.72 15
greater than or equal to -3.36 less than -3.04 10
greater than or equal to -3.68 lessthan -3.36
greater than or equal to -4 less than -3.68

-4 less than 0

— 1 5 —
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Table 6 The range of index about o for daily mean temperature

0 INDEX

less than or equal to -3 100
less than or equal to -2.8 more than -3 96
less than or equal to -2.6 more than -2.8 92
less than or equal to -2.4 more than -2.6 83
less than or equal to -2.2 more than -24 84
less than or equal to -2 more than -2.2 80
less than or equal to -1.8 more than -2 76
less than or equal to -1.6 more than -1.8 72
less than or equal to -14 more than -1.6 68
less than or .equal to -1.2 more than =14 64
less than or equal to 1. more than =% 60
less than or equal to -0.8 more than 5 i 56
less than or equal to -0.6 more than -0.8 52
less than or equal to -0.4 more than -0.6 48
less than or equal to -0.2 more than -04 44
less than or equal to 0 more than -0.2 40
less than or equal to 0.2 more than 0] 36
less than or equal to 0.4 more than 0.2 32
less than or equal to 0.6 more than 04 28
less than or equal to 0.8 more-than 0.6 24
less than or equal to 1 more than 0.8 20
less than or equal to 1.2 more than 1 16
less than or equal to 14 more than 1.2 12
less than or equal to 1.6 more than 14 8
less than or equal to 1.8 more than 16 4
less than or equal to 2 more than 1.8 0
less than or equal to 2.2 more than 2 0

more than 2.2 0

_16_
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Table 7 The range of index about o for sunshine duration

0 INDEX

less than or equal to -0.7 100
less than or equal to -0.6 more than -0.7 96
less than or equal to -0.5 more than -0.6 92
less than or equal to -04 more than -05 88
less than or equal to -0.3 more than -04 84
less than or equal to -0.2 more than -0.3 80
less than or equal to -0.1 more than -0.2 76
less than or equal to 0 more.than -0.1 72
less than or equal to 0.1 more than 0 68
less than or equal to 0.2 more than 0.1 64
less than or' equal to 0.3 more than 0.2 60
less than or equal to 0.4 more than 0.3 56
less than or equal to 0.5 more than 0.4 52
less than or equal to 0.6 more than 0.5 48
less than or equal to 0.7 more than 0.6 44
less than or equal to 0.8 more than 0.7 40
less than or equal to 0.9 more than 0.8 36
less than or “equal to 1 more than 0.9 32
less than or equal to 1.1 more-than 1 28
less than or equal to 1.2 more than 1.1 24
less than or equal to 1.3 more than 1.2 20
less than or equal to 14 more than 1.3 16
less than or equal to 1.5 more than 1.4 12
less than or equal to 16 more than 15 8
less than or equal to 1.7 more than 1.6 4
less than or equal to 1.8 more than 1.7 0
less than or equal to 19 more than 1.8 0
less than or equal to 2 more than 1.9 0

more than 2 0
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Table 8 The range

of index about o for daily maximum wind speed

0 INDEX

greater than or equal to 6.4 100
greater than or equal to 6.1 less than 6.4 96
greater than or equal to 5.8 less than 6.1 92
greater than or equal to 55 less than 5.8 83
greater than or equal to 5.2 less than 55 84
greater than or equal to 49 less than 52 80
greater than or equal to 4.6 less than 49 76
greater than or equal to 4.3 less-than 46 72
greater than or_ equal to 4 less than 4.3 68
greater than -~ or equal to 37 less than 4 64
greater than or equal to 34 less than 3.7 60
greater than or equal to 3.1 less than 3.4 56
greater than or equal to 2.8 less than 3.1 52
greater than or equal to 29 less than 2.8 48
greater than or equal to 2.9 less than 285 44
greater than or equal to 1.9 less than 20 40
greater than or equal to 1.6 less than 1.9 36
greater than “or equal to 1.3 less than 16 32
greater than or equal to 1 less than 1.3 28
greater than or equal to 0.7 less than 1 24
greater than or equal to 04 less than 0.7 20
greater than or equal to 0.1 less than 0.4 16
greater than or equal to -0.2 less than 0.1 12
greater than or equal to -05 less than -0.2 8
greater than or equal to -0.8 less than -0.5 4
greater than or equal to -1.1 less than -0.8 0
greater than or equal to -14 less than -1.1 0

less than -14 0

— 1 8 —
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Table 9 The range of index about o for SPI

0 INDEX
less than or equal to -3 100
less than or equal to -2.7 more than -3 95
less than or equal to -2.4 more than -2.7 90
less than or equal to -2.1 more than -2.4 85
less than or equal to -1.8 more than -2.1 80
less than or equal to -15 more than -1.8 75
less than or equal to -1.2 more than -15 70
less than or equal to -0.9 more-than -1.2 65
less than or equal to -0.6 more than -0.9 60
less than or -equal to -0.3 more than -0.6 55
less than or - equal to 0 more than -0.3 50
less than or equal to 0.3 more than 0 45
less than or equal to 0.6 more than 0.3 40
less than or equal to 0.9 more than 0.6 35
less than or equal to 1.2 more than 0.9 30
less than or equal to 15 more than .2 25
less than or equal to 1.8 more than 15 20
less than or ‘equal to 2.1 more than 1.8 15
less than or equal to 2.4 more than 2.1 10
less than or equal to 2.7 more than 2.4
more than 2.7

Collection @ pknu
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High
Temperature
150

Gale'

. Cold damage

Sunshine lack

Fig. 3 Agricultural Abnormal Index(ACI) graph (hypothetical graph)

Table 10 “The index of damage proxy variables and ‘ACI about

Fig. 3 (hypothetical- ACI)

) High Cold Sunshine
Region Gale  Drought | ACI
temperature  damage lack
Year 94 98 84 110 92 110

_21_
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Jeollanam-do

Fig. 4 Analysis region

Table 11 Selected countries about each province

Region Countries

Chuncheongnam-do | Seosan, Cheonan, Boryeong, Buyeo

Jeollanam-do Mokpo, Yeosu, Yando, Haenam

A71E 7HA 3 7] dwiFol dubEl FHH A AXrE A a Qe
CFL(Courant-Frierich-Lewy) ZZol| w& = TAo $ujsEx gom

A= 37 240l golshtt. A4 214

flo
I
o
(@)
fo
mh
o,
22
i~
ot
=
&
Lo
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mdolth(Majewski et al., 1998). ¥ Zmdle Ho] Ayl Ao U3t
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S/ 7= g oz Ao Aol @ FH t(Heikes and Randall,
1995). ¥ d7elM= GME 2278 dS Abgshal, sides 4% 40km,
A= 405l Bl F Al AA 2722 NOAA OI(National Oceanic
and Atmospheric Administration Optimum Interpolation) Weekly SST
=9t ECMWE(European  Centre for ~Medium-Range Weather
Forecasts) Sea Ice A} 82 AL-&3ta oF F+ & 719 Spin-up timeS F9

o1, Time-lag method W22 #-&3to] 5719 4AAEZ 201349 109 21

ANE 201449 109 29744 B9 Faekglch

Fig. 5 Icosahedral-hexagonal grid generation (Lee et al.,2002)
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Table 12 The correlations between rice production
and ACI on each province (p—value<0.05)

Region Chungcheongnam-do Jeollanam-do

correlation -0.4x* -0.3*
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[ Rice Production = g7

Fig. 6 Rice production and ACI graph in Chungeheongnam=do
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[Jeollanam-do] Rice production - ACI graph

ACT

1 Rice production

Fig. 7 Rice production and ACI graph in Jeollanam-do
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High
Temperature

- Cold damage

'.Sunshine lack

Fig. 8 ACI graph in 1930 in Chungcheongnam-do

Table 13 The damage index and ACI in 1980 in

Chungcheongnam-do

High
Temperature
150

Cold damage

Ssunshine lack

Gale

Hg. 9 ACI graph in 2009 in Chungcheongnam-—do

Table 14 ‘The damage index and ACI in 2009 in

Chungcheongnam-do

Chung High Cold Sun. Chung- High Cold Sun.
Gale Drought | ACI Gale Drought | ACI
-nam temp. damage lack -nam temp. damage lack
1980 69 141 79 67 46 141 2009 94 94 84 43 92 0
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High High
Temperature Temperature
150

150

. Cold damage Drought - . Cold damage

Sunshine lack Gale Sunshine lack

Fig. 10 ACI graph in 1997 in Chungcheongnam—do Fig. 11 ACI graph in 199 in Chungcheongnam—do
Table 15 The damage index and- ACI in 1997 in Table 16-The damage index and ACI in 1999 in
Chungcheongnam-do Chungcheongnam-do

Chung High Cold Sun. Chung High Cold Sun.
Gale Drought | ACI Gale Drought | ACI
-nam temp. damage lack -nam temp. damage lack
1997 106 124 84 81 46 115 1999 106 118 121 119 69 116
— 29 —
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High
Temperature
150

100 4

Gale

Fig. 12 ACI graph in 1996 in Jeollanam-do

Table 17 The damage index ‘and ACI in 1996 in

Jeollanam—do

‘Sunshine lack

- Cold damage

Jeon High Cold Sun.

Gale Drought
-nam temp. damage lack

ACI

High
Temperature
150

. Cold damage

Gale"* Sunshine lack

Fig. 13 ACI graph in 2012 in Jeollanam-do

Table 18 The damage index and ACI in 2012 in
Jeollanam-do

1996 94 106 111 71 69

108

Jeon High Cold Sun.

Gale Drought | ACI
-nam temp. damage lack

Collection @ pknu
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Table 19 Comparison between frequencies of damage possibility in
Chungcheongnam-do and.Jeollanam—do

gl vl 7hsd AAAE EoloF & Alm

1980’s 1990’s 2000’s
Chung- Jeon— Chung- Jeon— Chung— Jeon—
nam nam nam nam nam nam
High
7 6 7 7 8 6
temp.
Cold
10 10 10 9 9 8
Damage
Drought 4 3 2 5) 1 2
Sunshine
2 3 2 5 4 4
lack
Gale 0 0 1 2 0 0
— 3 4 —

Collection @ pknu



Damage frequencies in Chungcheongnam-do

1980's
High temperature

i
E
[

Gale : d damage Gale
L]
Sunshine lack Dirought Sunshine lack

High temparature
10

1990's

o

3:

B
A
5
0

A

2000's
High temparatura
10
8
&
Gale : Cold damage
0
Sunshine lack Drought

Fig. 14 The graph of frequencies of damage possibility in Chungcheongnam-do with periods
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Damage frequencies in Jeollanam-do

1980's 1990's 2000's
High temperature High temparaturs High temparature

10 10 1

8 B

& B

Gale : old damage Gale Gale b Cold damage
] 4 F-
1} 0
1
Sunshine lack Drought Sunshine lack T Drought Sunshine lack Drought

Fig. 15 The graph of frequencies of damage peossibility in; Jeollanam-do with periods
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Table 20 Comparison between observation data and model data during analysis period in daily maximum
temperature (p—value<0.05)

Maximum Temperature OBS Model | Difference(Model-OBS)

Stati

Country ; ot Mean SD Max Min | Mean SD Max Min I Mean SD Max Min
o.

Seosan 129 19.36 9.53 3302 -3.29 | 20.19 9.85 32.74 2.53 | 0.83 0.32 -0.28 5.82

Cheonan 232 20.00 9.71 33.64 ~ 317 | 20.77 9.91 33.39 2. 7% | 0.77 0.20 -0.25 5.89

Boryeong 235 19.57 9.29 33.04 -2.85 | 20.46 9.68 33.04 316 | 0.89 0.39 0.00 6.01

Buyeo 234 19.99 9.36 3337 -2.67 | 20.86 9.65 33.47 3.38 ]_0 87 0.29 0.10 6.05

Mokpo 165 19.98 8.56 3353 -0.83 | 21.29 8.96 33.42 2.07 | 1.31 0.40 -0.11 5.95

Yeosu 168 30.34 8.20 33.01 0.58 21.89 8.47 33.58 6.58 | -845 0.27 0.57 6.00

Yando 170 19.95 8.19 32.66 -0.02 | 21.26 8.61 33.04 263 | 1.31 0.42 0.38 5.70

Haenam 261 20.02 8.39 3315 -044 | 21.32 8.78 33.26 o041 | 1.30 0.39 0.11 5.85

— 39 —
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Table 21 Comparison between observation data and model data during analysis period in daily mean
temperature (p-value<0.05, except Boreong)

Mean Temperature OBS Model | Difference(Model-OBS)
Station ) ) | )
Country No. Mean SD Max Min | Mean SD Max Min | Mean SD Max Min
Seosan 129 1429 943 2866 -6.41 | 14.42 9.76 257 w71 | 0.13 0.33 -1.09  3.70
Cheonan 232 1418  9.68 2841 + -7.00 | 14.40 9.90 AR & L% | 0.22 0.22 -0.89 363
Boryeong 235 14.14 | 9.36 27184  -6.26 | 14.46 965 2765 242 | 0.32 0.29 -0.19 384
_ Buyeo | 234 _| 1408 | 949 | 28108 7665 | 149 BNO68 2756 £273|| 041 019 055 390
Mokpo 165 1480 | 872 2801 -362 | 1588 890 2797 ' 069 | 0.78 0.18 -0.04 431
Yeosu 168 1499 847 2741 =349 | 1596 859 28.18 1.00 | 0.97 0.12 0.77 4.49
Yando 170 15.12 8.37 27179  -3.05 | 1576 8.58 27.90 140 | 064 0.21 0.11 4.45
Haenam 261 1496 856 2793~ -3.32 | 1567 8.74 27192 1.05 | 0.71 0.18 -0.01 4.37
— 40 —
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Table 22 Comparison between observation data and model data during analysis period in daily precipitation
(p-value<0.05)

Precipitation OBS Model | Difference(Model-OBS)
Stati
Country ; o Mean SD Max Min | Mean SD Max Min I Mean SD Max Min
0.
Seosan 129 2.52 7.28 57.43 0.00 4.58 5.50 33.98 0.02 | 2.06 -1.78  -23.45 0.02
Cheonan 232 2.65 7.05 51.06 0.00 4.87 5.73 33.34 0.00 | 2.22 -1.32 -17.72 0.00
Boryeong 235 2.76 7.43 55.21 0.00 4.60 5.15 25.56 002 | 1.84 -2.28 —29.65 0.02
Buyeo 234 2.94 772 63.38 0.00 478 5.27 27.71 0.06 J_ 1.84 -245  -35.67 0.06
Mokpo 165 3.89 10.33  75.64 0.00 5.00 5.54 31.15 002 | 111 =479  -44.49 0.02
Yeosu 168 4,90 14.27 14379  0.00 5.88 6.31 37.91 0.04 1 0.98 =796 -10588 0.04
Yando 170 4.32 11.70 12495 0.00 5.25 5.81 32.83 012" 1 0.93 -5.89 -92.12 0.12
Haenam 261 4.06 10.87 . 102.42. - 0.00 512 5.69 32.85 0.04 | 1.06 -518 -69.57 0.03
— 41 —
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Table 23 Comparison between observation data and model data during analysis period in daily mean wind
speed (p-value<0.05 except Yeosu)

Mean Wind Speed OBS Model | Difference(Model-OBS)
Stati
Country ; ot Mean SD Max Min | Mean SD Max Min I Mean SD Max Min
0.
Seosan 129 1.98 0.68 4.47 0.87 3.57 Zall 9.72 0.00 | 1.59 1.43 5.25 -0.87
Cheonan 232 1.61 0.55 3.76 0.70 3.45 2.11 9.59 0.00 | 1.84 1.56 5.83 -0.70
Boryeong 235 1.94 0.68 4.29 0.83 3.53 2.15 9.95 0.00 | 1.59 1.47 5.66 -0.83
Buyeo 234 1.65 0.58 3.84 0.69 3.34 2.14 9.67 0 OO_| 1.69 1.56 5.83 -0.69
Mokpo 165 2.16 0.89 5.83 0.88 3.39 2.11 10.18 0.00 /| 1.23 1.22 4.35 -0.88
Yeosu 168 2.02 0.68 5.50 0.95 3.36 2.11 9.82 000 | 134 1.43 4.32 -0.95
Yando 170 2.33 0.96 7.18 0.99 3.28 2.09 10.29 0.00 | 0.9 1.13 3.11 -0.99
Haenam 261 2.22 0.92 6.56 0.92 3.35 2.10 1034 0.00 | 1.13 1.18 3.78 -0.92
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High High

Temperature Temperature
150 150
1004 100 .4

- Cold damage Drought - - Cold damage

Sunshine lack

Sunshine lack Gare."

Gale'

Hg 2 The predicted A graph in Chungcheongnantdo in 2014 Fig. 21 The predicted ACI graph in Jeollanam-do in 2014
Table 24 The predicted damage index and ACL in Table 25 The predicted damage index and ACI in
2014 in Chungcheongnam-do 2014 in-Jeollanam-do

Chung High Cold Sun. igh .

Gale-. Drought [ ACI Y e Cold Sun Gale Drought | ACI

—nam__temp. damage lack -nam _temp. damage lack

2014 88 53 89 35 54 0 2014 88 47 79 15 38 0
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150

100 4

Gale

, Cold damage

Sunshine lack

Hg 2 The dsarved A graph in Ghimecheongram-do in 2014

Table 26 The observed damage “index and ACI in

2014 in Chungcheongnam-do

Chung High Cold Sun.
Gale Drought |- ACI
-nam temp. damage lack
2014 94 71 95 10 85 0
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Fig. 23 The observed ACI graph in Jeollanam—do in 2014

Table 27 The observed damage index and ACI in

2014 in~Jeollanam-do

Jeon _High Cold Sun.

Gale Drought | ACI
-nam temp. damage lack
2014 94 67 93 62 62 0
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