2025-0112025. 11.

<l
ji| 1
ol
ol
1o}
~

N\

-



0 2025-01 | 2025. 11. |

KREI

<l
ji[
ol
ol
10f
~N

10R
=3
0

AN

-



o7 e

dME | AP | M1~4Y, BE HE
Eoj8=2 W2025-01
GRS

- S MM BHHsIE FAMO2

s | M6-00073(1979. 5. 25.)
2 12025 11.

ool | siss

U X | HRSELHHTY

0

$) 58321 TetHE LIFAl WI7HEE 601
CHEMSt 1833-5500
QM X | (F)ZeH]
I'SB N 1979-11-6149-815-7 95520
X 0] Mof HE Li82 S=sEEMATEY SA oot YHEA| ER|ohs A2 otgUT
X O| Mol B HER EXNE Ec'i' [otHE RAFEA A 4 AU
T Mot AL =AGHE ol MEEUT



Institute

Economic

Rural

Korea

9ol ofit, olu] 2

S|
&

T} o) wl o] A

7] 5-Rs)

2Jutet oA

°
ko

717k EAo] bR 9lon,

=
[e]

7]1%-2] Rl 9} =0

g5l

= 9A 72

&4t ol
9, o tolrbii

(})Jl
31
2

B39 WPt ohet MEAY

e

227

|

Axtol

2 24

B 5T R, B oAt B

=
=

17 22717

S

=7

o=

3

Ay 1

RIS

il

3

o

Al
T1

Fulsht

7]

o4} ulZ 4 gl FA} gk ol

o

il
il

o] Al AA

bt e,

o

o

W
E

J))
0%
<+

—

Ul

2025. 11.






Institute

Economic

Rural

Korea

K3

1
R

O o] A9 Bale 1) 715 ¥ste] REWaIe 1 AAH /XS S5

xr
i
i

o

o % §7Hs 4t 7]

=
=

190 Texas A&M ©jsh

9|

e

ol
oF
HH

T (¢]
o
o
#

o] 25

o

A =
T

Ximing Wu %%, Yong Liu 1!

O A2 & a5 AR E v 22 = A

!
X
i)l
rh

»

= Al

5

stz <l
Aojzt 9(2022)F

_*o_l

O ZH 7]

& A AR

=S
T

__OU

g2 AA

{s1

&

:TLH

B

iii



st

o

A, AlA

0]7

= @R taws

Z o
50

T T o T P oEH B MK T WA
< 4 Ry BEXE po o T
oY S o e al R G T
n = i o o) R oo o o il
iy IR RO i s oo & AR
N~ %o G WO R R KOy o o=} OE
B Eat O o oe_ﬁmaﬁo % mF W o|
T Wy = ® of W g Mo = & 2
M o = o| H__E w.._ =W oﬂ m.,_ 1u_u. ur MT ._Hmwuﬂ &
_ o Koo %oy 3
mwm% %%M %Mwwwﬂiwm_w%ﬁﬁo&
— gl [ i X m of o) ¥ E X
5y sihe PEURITELT g
B T il O A
R ﬁréi eT ol T p BT g TR
B ™ fil .uAu_l_:_.ﬁwﬂH_letnnn__H].LIE__.Aoﬂrm
B o md A v T
o 2 Mo 2 oy 1 o O Koo = o= N T
do 7o oy W X oy G = B W X = oAk
oo | —_— oo N "X
oo ooz KE gy 2P g K
mL W E Ny T XK epr TN
Ty 4 R EmTo o ®,
X 8 oo o T B ox de R o F oo m ooF 2
G Juriy Q_o .A_l o o %o =1 _l T 0%
Gl W Yo - o A <
.N g o o] R o Wr ool &% o
By mpP O wpxwmor BT W
el T W o %wwﬂ%%oué;ﬁﬂmo
J Y B Eoo Mo e R o5 g o N
dr TRy ME S RE TR Y
J— —_ — ].XOL =
mu% %mwm %?awhﬂb_,_moﬁ@%mp
Wo By BgTrawRRy®ssw
AR/ ¥ = N - N 1 N N P e I N B N
O O

iv



ol

ﬁo

i

7on
—_

o

o
)
_

o

oot Sle A ste] 3

as

ki

=

o

= 244, A4

o]
0SS

A2 Agolgt

= ;e] $2o) wopo] wet 1 gt AAH

o

oji

ioh
1100

)

B
)
—_

o
=
%°

K-
i
i
-

N

jo

o
e
L

X

—IA
Bl

o

R
xr
i

o5 2 ¥ (bayesian

multilevel model)



vi

O

T WA 2= E XS] AAA 71| A4 o] gt A7 229 A
Ao AAA 7 A B B4 oAt FEAHIE HHliste 1ol £
a9 EAStE = AA| Z3271 ofd siF 1k v o &2 X|4=9] gho] 4
4. T8 15 o] B4 gho] o F7H0 2 FolA ATATY FBA
1 Aefo] & g5tk e EAJ9t. o3t TAKS SESH] flsiA=
ZAF &-EA]Wlj(almost stochastic dominance) &S 113d 4+ A= A
oz 7.



Korea Rural Economic Institute

ABSTRACT

Climate Risk Analysis - Focusing on Distributional
Changes in Agricultural Production

Purpose of Research

O The purposes of this study are 1) to identify appropriate methodologies
for measuring distributional changes due to climate change and their
economic value; 2) to apply the methodologies to domestic rice yield
data; and 3) to analyze the applicability of the identified methodologies

and economic implication of distributional changes in rice productivity

Research Method

O Literature review and expert consultation constitute the core of this
study. An extensive body of literature on distributional changes in crop
yields due to climate change — covering both methodologies for
analyzing these changes and evaluating the economic values of their
changes - was reviewed. Also, through consultation meetings with
Professors Ximing Wu and Yomg Liu at Texas A&M university, we

discuss methodological approaches to analyzing distributional changes.
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O Based on si/gun-level rice yield data, we estimate the distribution of
rice yields in Korea. In addition, by applying climate change
scenarios, we identify changes in the si/gun-level rice yield
distributions induced by climate change. Furthermore, we incorporate
the stochastic dominant approaches to analyze the economic
implications of distributional changes and their applicability. Finally,
we present the limitations of the analysis and directions for future

research.

Main Findings

O Through the literature review, we classify methodologies for analyzing
distributional change into 1) approaches using panel data and (2)
approaches using time-series data. We also analyze their respective
advantages and disadvantages. To be specific, time-series data
approaches place more emphasis on regional effects. A drawback of
time-series data approaches is that the data should be sufficiently long
to allow analysis. Contrary to time-series data approaches, panel data
approaches estimate the average effects and can be applied even when
time series is relatively short, as long as cross-sectional variation

across regions is sufficient.
O In this study, taking into account the shortage of si/gun-level time-series

data, we apply the methodology of Tack et al.(2012) which relies on

panel data when estimating conditional distribution of rice yields in

viii



Korea. The estimation results indicate that changes in rice yield

distribution resulting from climate change differ by region.

O Second, we compare and analyze methodologies for evaluating the
economic value of distributional change and apply approaches based
on second-order stochastic dominance to the analysis of changes in
domestic rice yield distributions. Among them, the approaches using
second-order stochastic dominance, namely the financial incentive
approach and the Utopian Index approach, can reflect the
characteristics of the entire distribution without depending on a
particular utility function or policies. However, methods based on the
second-order stochastic dominance also have their own disadvantages.
To be specific, the financial incentive approach is computationally
very costly, and because estimates are intervals, rather than specific
points, the researcher has no choice but to select a particular value
based on their judgment. By contrast, in the case of the Utopian Index,
since the result of the analysis is a relative and normalized index value,

it would be less intuitive when interpreting the results.

O We apply the payment index based on the financial incentive approach
and the Utopian Index to the domestic rice yield distributions and
evaluate the applicability of these two indices. The analysis shows that
both indices take better account of the impacts of climate change than

indices or indicators based on the mean. However, the magnitude and

ix



direction of changes in the two indices due to climate change differ
across regions. Specifically, while the difference in mean yield and the
violation area increase under climate change, there are regions where
the difference between the mean yield and the payment index under

climate change decreases.

O Applying the Utopian Index would be more reasonable than the
financial incentive approach for analyzing the impacts of climate
change. In the case of the financial incentive approach based on
second-order stochastic dominance, the value of the index can be
determined entirely by the shape of the left tail of the distribution. This
implies that a very small interval of violation of second-order

stochastic dominance can determine the value of the payment index.

Limitations and Directions for Futrue Research

O Further research on the methodology applied to analyze changes in the
domestic rice yield distribution is required. As mentioned above, the
results of moment estimation are found to be highly sensitive to model
specification. In addition, there is currently a severe lack of research
estimating conditional distributions related to rice in Korea. Thus, it is
necessary to conduct additional research on more robust estimation of
conditional distributions, for example by using Bayesian multilevel

models based on panel data.



O Second, further research is required on methods for analyzing the
economic value of distributional change. Specifically, in the case of
the economic incentive (financial incentive) approach, even if only a
small interval exists in which second-order stochastic dominance is
violated, the value of the index is determined on the basis of that
interval rather than the entire distribution. Moreover, a drawback is
that the value of the index is given as an interval rather than a single
value, which necessitates subjective choices by researchers. To
overcome these limitations, it may be possible to consider the
application of almost second order stochastic dominance instead of
second order stochastic dominance(Leshno & Levy 2002; Baillo et al.
2025).

O Finally, in the case of the Utopian Index, although its value can be
interpreted in terms of expected utility, there are still limitations to
intuitive interpretation. Therefore, future research is thought to be
needed to develop indices based on absolute values. For example, it
may be possible to apply concepts such as the stochastic bounds

recently proposed in the literature (Arvanitis et al., 2021).

Researchers: SUNG Jachoon
Research period: 2025. 4. - 2025. 11.
E-mail address: jsung@krei.re.kr
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(Schuurman & Ker, 2024).
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O 71 FHste] BRA QJat AAH 7S BAT 79 AT YRR A%

WSk QIeh g B o] Mkt HAH ol vA= YFE EA4H(Tack et
al., 2012; Ker et al., 2016; Tack et al., 2018; Ramsey 2019; Liu &
Ramsey, 2022; Schuurman & Ker, 2024).

- Tack et al.(2012)3} Tack et al.(2015)2 Moment-Based Maximum
Entropy ¥ &-80lo] 7|2 50| 7H2E &9 S 82 1
T2 W51 BARS J7HA 7|9, o| 2 Qle 1T 9] 7|2 A5 A] v]=r 24

E 299 90% HAF 230] B3 7-80] 39% AF3F z1 0 7 Aukdl

- Ker et al.(2016), Ramsey(2019), Liu & Ramsey(2022)+ H]|o]| ]St 7]
HZ 8 AR SEEE 4 WS AUSHL o] & =] SAIF A

@ 440k B v W WY ARo) H83lol AN R Hez of

r&"

- HpAE O 2 Schuurman & Ker(2024)+ MA1#d 71§ 2] neural net&
2h-g-5to] 7] S RSHE QIRE ofo]| Q9FF0] S T X RSHE ASeh
24 Ay}, 7|3 HSkE Qls| e B20] AF 7L H FAYA
2 Uehgon, ol2 Q3] RYR&S 6~14% S7toHe Ao & BAE.

3] A=) FF A g9 H sdASo] AHH oz ol 4 U=
HY, 53] K| B R ¥oE &-8sto] x| FAA T2 240t
U= FolA 2 27t . o, A *FHL = A=, E9] A
g gL & AH & olA O 9T 24 AT= HollA A &
ZHg] FF= w45k dlolle A U=

URAJEFO. 2 Pignede(2025)= 7ol ARstE} ol A9 9f &5 v ¥

TS £ A2la 3 (quantile treatment effect)E B O ZE 43 &
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1. g3 239

O 7| ¥ 3= QIF FEHS Z42 7| S Hstz <19t vl g4 22 F42 vt

go g 3} waba B A7E= 7MY (counterfactual) &

ATE AP FAH R 2 A= Rothe(2010)2] 7i%

o He
) s
ko
oft o
o ol
Z o
o, [0 M
[o KU

- FAFo R 2&WM40l v} X= (X, ... X,), I B X F,, F,.S

A4 9lon, vo} X9 TAL Y=m(X, ) O& 743} of7|A] 2 o]

Z¢l FYS Sot dH0IH, 212 291 YHS HIZYCZ ot 2X2Hs}

21 B4 Hf(parametric restrictions)s F51| HE0 YN o= RRE AF FF5h= H|2
$H(nonparametric) 0 H[sH S8t E=(finite sample)OilA2] HHEA0| O M2 HHH 30| &t
2 XPE(misspecification bias)0ll &l Ft5ICh= HHE0| US(Rothe, 2010; Chernozhukov et
al., 2013).



Holx] ¢+8 @ Z}g(error term) .

O Rothe(2010)9] FH2 voF X9 #A =
I, IAE YeEfE= m(, )ofl tiafiA= o
l':__

A BACNAFE 222 HLG7HA AleS 74| il 482 4= Atk= Ao
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=K

2.1 MAE Xtz
O AAIE A=E &8 ¥ T 7 Wol AAHAL e T2 g A2
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O Tolhurst & Ker(2014)= Chen & Li(2009)9} f-3t#E B4 AIC(AIC
corrected for finite sample size, ©]5} AICc)E B o2 53229 7|
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Maximization(°]s} EM) ¢ 8]&Z S 33
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(exponential family)oll &5k, o714 7= A kAT TAHE S IFA] &
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(& 2-1) 7% SA

HaTH(TH) Y T mxt ZA Z|CH
£+4(100kg/10a) 4.915 0.423 2.460 6.280
K2(AZh 65.933 57.454 0.000 394.000
ofof Z=2(A|7H) 1250.320 60.773 950.000 1344.000
A | T2(A|ZH 27.748 29.142 0.000 219.000
=X 242K10cm) 3.914 1.811 0.489 12.797
M2(AZh 0.275 2.270 0.000 92.000
A Z=2(A|7H) 610.572 64.415 349.000 696.000
ccd T2(AI) 85.105 64.605 0.000 347.000
=X 2442410cm) 2.541 1.801 0.000 12.038
K2(A|ZH 17.466 28.761 0.000 257.000
e S2(MZh 659.370 34.681 0.000 696.000
° T2(AZh 18.636 20.598 0.000 169.000
=X 2442410cm) 2.143 1578 0.000 9.059

2 AL} 1.29) 7122 1559} 30%9.
Az AR 24,

71 AL AEs 5313 ZEAUEL 95 GCM F ol
CanESM5E 83 FAH 02 CanESM5E B 45 29 A
U QoA 7 7VA BAR 4= 912w, SSP5-8.55 04 Bt 2k
ZF BARSE= GCMA(EEX18-74, 2021).

it

- 35~ A7 Z(Shared Socioeconomic Pathways, ©]5} SSP) ALt
) Q2= SSP1-2.6, SSP2-4.5, SSP5-8.5% &-831992.5 B4 Al7|=
2041~20604, 2081~2100¥ 2.2 AH gt

- opeho 2 7} Wige] 209 Bi-e B3] B T1gRANA S 24

Ir

5) SSP1-2.62 XI47H58t AHAES| XEts ALIZIQ, SSP2-4.55 7|

SHat et I Al 3N
M ST AMUE|2, SSP5-8.5= 7|2 et 28t 50| F2 Atelo| 1TH

t4 AL 2J0E



i v 7 v
A4t 7.4295%** 44.7245%* 248.5725*
e 0.0004 0.0037 0.0269
o a2 0.0004 0.0039 0.0283
can S Y5 -0.0178 -0.1913* -1.5675%*
X A4 MG -0.0017 -0.0131 -0.0720
e -0.0074 -0.0672 -0.4686
A a2 -0.0045* -0.0350 -0.2094
*o%;l 1e -0.0038 -0.0288 -0.1647
S UsE -0.0392%** -0.4127%*x -3.2460%**
M A2 A 0.0015 0.0194%* 0.1722%*
e -0.0004 -0.0057 -0.0506*
2 0.0007** 0.0042 0.0166
== e 0.0006 0.0034 0.0112
S ALY -0.0332%** -0.3786%** -3.1388***
SH 24U MG -0.0003 0.0085 0.1367
e 0.1094*** 1.1279%%* 8.7619%*
FHE NS -0.0042%*x -0.0432%** -0.3354%**
Al 18gt Yes Yes Yes
L= ESk=mnl Yes Yes Yes
e 4.9150 24.3360 121.342
BER| 4 3,547 3,547 3,547
SHE R? 0.6921 0.7051 0.7121

N

F 1) AT 129] 7122 15529 3029, F¥AA719) 22 S50 g s 2401 A A<=,
2) %, %, 02 22 10%, 5%, 1% FleEolA 9] BAE fo4d& e,

A AR A,
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127.606
125.650
123.550
123.399
121.511
126.958
114.185

25.183
24.927
24.657
24.629
24.267
25.116
23.141

5.001
4.974
4,948
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4.893
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=EHto| FHH x| =4

g ZHs U2 § 83r(0)E 7MYk AY. FAIF S E Chavas
(2004)= SEHS ol it AT Zu|d(R), &2 AP H]E(cost of
risk)& ofef] A]3} o] ARG 8)

8 017|M §HIg2 EU(y+u) = Uly+ E(u) — R)
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R~ ; (1/GN)] « (U 0Y « M, U= a(;yU,MzE@—E(y)Y

O Wang et al.(2021)2 E8<,E ol A3 72 A4 AFdux IdF
(constant relative risk aversion, ©]3} CRRA)9<S 7}t Atd 8
39 A=E Yetf+= ArrowPratt AHHE Y39 A(Arrow-Pratt

relative risk aversion coeffient, 8) =& vlE 0 2 30|28} 714§} 10)

1 1-6 .
Uy)=11-0"Y if0>0,0=1
Iny ifd=1

e M) e0+1) Ms(y>+ 0(6+1)6+2) Mi(y)
T2 uly) 6 uly) 24 u(y)?

(Wealth)ol R0 FekE YA S 20 OfL2t RO YUXQI F7|0f M2t 27|17t BHE &
H

H::;Q 5t2lA3 T2|0|Yd2 Etly) = Ul(1- R E(y) | 2 HolE.
10) &t CRRAZ &t23st H2 Kim et al.(2014)0]|= SUotA &=, H, 2 ¢S 1 E= 22 7}



1.2. 7|t &38l(expected loss)2| &2

BAA gl E 2gst] sl 71l &89 Ad S 285k, 1) 7] 5 st

Ker(2024)7} 543k

M2 YHEOZ 15t 0|&53 7§M9| AXIH &tol= Out-of-sample rating gameS HIECZ
f. Out-of-sample rating game2 7HME BI'HS THX| 10 Ha BEEE -5 HRASIAIR} 7|E9|
S 7EX 0 o BRE F-0H R 7|8 719 FE HIEY S 28010 E-SAV oLt
HOFAO| OIS THM7ILLIE TItoh= Q. Out-of- sample rating gamed| CHEH 2AIE
IL| MHE Ker & McGowan(2000)2 &= Hfzt

ro ox ot

o

gase) AAE 7 241 27
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o o ok oe 2T W oy T
" ooy W < & ok > RO
[ ) EER Gy R
L S Aﬁ rfn 3 % i
i Ao = Eﬂ RTRGS E o ol
W) X = In = <
oD WO N X35
™oy R X X M woN
IS o W (A
R o = W X S IH
M oF o o o 2 o
B ok ACI oo o
o — X o
o) T o o o s N <
N T o o225 N B o
N g F o & O W A o
. s N = AT o = o g
oS X om0 Z WA <
R a0 = o8 gg T o) W
N G Mo Mo cﬂM o8 Em | T
I N N e X M T
T > 7 o o ¥R ® P o=
WS oo °F S E D
L_L~mﬂ%@¥0\w%%ovﬂo_a
o > T Ho o R4S R e w W
e - B S L R LG
éﬂﬂﬁ%ﬂ%ﬁﬂmlﬂ
o_w@%muﬂﬂkﬂmaéﬁoﬂ
ZL | I |
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=.

=

o

HHE

o

=

12) 2 L} L Benitez et al.(2006)
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(O3 3-1) O|x} HEXHHE HIZLZ & RS 7X| HIE O]

, G(Y) F(Y) G(Y + i)
o =T Al
- o ’
£ 08 S .
E 0.7 TM?I\? K /7
£ s | — y 7 G TER
£ . 3
) 0.5
g 04 SSD
3 03 TMAX r
b - P
vert® -
0.0 anst® -
$0 $200 $400 $600 $800 $1000 $1200

Net return ($/acre)

Z}&: Mooney et al.(2022)2] 19 Figure 1S 2187435

O Peterson & Boisver(2004)9] 4% 725 7S E-835lo] FH vt o o
S AR HEg A A Y A8t
- FAIH OS2 Peterson & Boisver(2004)= FXE BItHH L2 QI HH
7F A JASZ AASHL FARJAE0] g BAS dEste =9 JH
9] 24 AU (two-staged game of imperpect information)< 713
St 9hA AFT Tk NS B o E o] A|2K(participation
constraints)} 7] A& A 2F(self-selection Constraints)= THEA|7]
= BExa A3 A9
- Peterson & Boisver(2004)+= o213t FHS TE2 &-&84(stochastic
efficiency)?] Nd< B o= BT & 50| s AW &5}
7] oM = & =27} o] A 27| A8 Aok UEtdls 2250
o5} SEA 0 & XH[=|X] rotof 5h, B FF-2 o3t 2& THEA]7]

© oM 2R = ofor g2 2

wauste ZAH X B4 1 29



O AAH fol Mol FAL 1) A4 nx3 el 43 4o ApHow
A8 4 9lom, 2) o4 SBAHE FEsto] BTG That 7hgel B
2 glon] 3) B A0 4L N vgo] 7]t £t o] 2 9

urel A A 991 HES 1) ol AEAME AN I3t A

T O Hu "H

©)
0

1o
HHEA 0 2 23 gfof 511, 2) Peterson & Boisver(2004)2t 22 371421
=97} glols Tuvet Ty & o8 & A sfjof sh=A] o] tigt 7|20l

WA e 13)

=

1.4. QEI|Qt X|2(Utopian index)2| &&14)

1.4.1. S EIS A9 H9

O FEIC A5 st Tt 782 o2t 2 1) /3ket Mo &2
g B, Pi= (P, ..., Py).2 < M< oo, 2) BAE9 229 A9l
(X, oo Xy EXM(X = [a,b], —00 < a < b<+00)S EXTYAY] 7153t &

= 2TE EFs5t= F9st A (bounded superset of the maximal

support of the prospects). 3) 2:= (G, ..., Gy}, G,= P,2 CDFY.

1
LR

M
3=
ol
-+

M

9 6P = [Car e, B ¢V ol A

(the second- order integrated CDF, ©]5} ICDF)¥. ICDF+= CDF& & &

13) & SI=2X XU 7HE S 2tstet &S K| (almost stochastic dominance)E X8 4L siE

CHRO)| 2t £ Q).

14) 2 L2 Anderson et al.(2020)8 HIEO 2 gt
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St 7k, = CDF ofg &g 9u|gh. T35t ICDFE H]2(nonnegative)°|H
ZHA51A] O H(non—decreasing), &% (convex function)¥. 18]

W HEZOE Gla) =0, ARGLOR G(b) = b— Folx) E 7.

- FAF R FEIQE Aol A o] ARl JHE 2n|sh= o] Tt of%
S A (Second order lower envelop, G,(.)% 7 H|2&4<
AFEfo] sfigol= Qo] it o] &} AHR I EHA(Second order upper en-

velop, G,(.))2 o} 43t -2

- ol BRI F ofl Al wHEohe BATAel o, sig FA A

o ICDF7} o] 3} H5 (%) Xepalat 2.

2

O oz} 5H7 LT} o2} AR et A5}
%o m(non—decreasing), r=a«Q W FH&LZF 02 7HAH, FHFgS

G, (b) = b—max ce oF:(2)(Gy(0) = b—minge oEq(2)Y

R

2 HZ(nonnegative)o|™, 7t

O 9 BoE vigez AN P,.m=1, .., M| Higt 22 FEI|QF A=
(Second-order Utopian index)= o}#je} 2.

rxwste] A4 7 241 31



- 7] 4 AA M5 HA(transvariation) 7,+ O|AF AR Z2HA T} o] %}
F ZbA 9] XpolE A&t 3, & THAHS ulst, 4, ,,2 HHiHE
(violation area), & EAAF P, o] ICDFS} o]} 5H5: kil o] 2jol&

A2 e A 2 B2,

O (dd 3-2)& FEIL A48 145k MEES 3719 A2 g2 BEg

7HA ERFARS vlgo 2 el

_ 4|50 [CDF= CDFSC] HE7tol sjahn, o]} shH(Aka}) mabad
2 JgoA AHoE BAH AL 9§

A 4) Ao o] WA ojujshu, 7,k o] % SH5 EetAI} o] AR me}
A Apole] WaS oulgt. wehd SETL 4k AH BEAEA 9
RS Aolet WH e AR WEHA R e gt oulst

O iAo &2 oA Holgt FEIQ A= EH G AIS o204 8+5t= |
7HA &4, & A4 (continuity), ¥i& ¥ d(scale invariance) ¥ &9
=X (scale independence), F3Hnormalization)E& ¥ FZ5IH &

Sheto 2 Hojrug SEHZ E¥(law-invariance) SA7HA] 2t&
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(& 3-2) Tx| HSTHHI} T OflA|

0.75

CDF F(y)
o
3

0.25
0.00
1.0 0.5 0.0 05 1.0
Outcome (y)
EXhd = F1 F2 = F3
F: QA Wz o 2 BAE PR oujatn], M MWL Wz REI} NEM RES g B
L

Az AR 24

1.4.2. 3AA 14

O FEIL A5=9] B thro] FAHGE] T4 A9 A= f1s) At
R sEAIRE 71 A o] Qlo] 2[A 9] Aol Higt A Ql 7|t a8
SAT Y5 ATE] SlZ

4 Andeson et al.(2018) AAZY 2 A FoH 7| & 8%
(elementary or ramp utility function)®] 7|Hgke] /45 244
O|%} SHi- AT} o] 2} AR b4 o] Hhgtth= H2 U4 3).

~

21(3) Q2(x):—maxEy[vy(x)],Ez(x):—minEy[vy(x)], VyeX

wauste 344 X B4 1 33



- Russel & Seo(1989)+= 518 7}sTHpermissible) & T-8F7t 17F
Ao 718 a 8559 715 A8 2% (weighted linear combina-

tion) 22 FARE 4= Q&2 HY.15

- ujebd Qe e 97 SR WIIOIA SENS A0 AA Y 4L Slat
8 P EETR A VTS ol AO AT 5 UG 5 24
9] ol ESUA] WORS Wefshd] ekm, A9 Wl delHL 7]
2 88429 7k AR E J 589kt 1Y

A4) V= {u,(x): we W}
b
u,(x):= f wy)v, (x)dy,we W
b
W= {w:XH[O,l] : f w(y)dy = 1]
- 4ol £ EEYSES WO T AP FMEE, 4,2 o3 3

Zed div] 7P 2 7l ad A= AT o (3 5).

|
>

15)0ll A 3= HHll AFGolA 718 viAs a89+E 7 B9, S &
7t kel FAAFS] ICDF7} o &) sH Z2hAl 9ol Y1A135] 9

L A (Y A9, violation region)ENA w(y) =12 W =g

o

- meb RETT ASE EANE B I5T 5 Y Hade /da
2 oI LO.E T 5 glor], A5 go] | s =3

ﬂl**oi‘ﬂﬂ de 5 U= 7IHEdo] A vl

=2
E9
o

\

15) Russel & Seo(1989)= &I 7Hs¢et 82845 ZAsHK| 21 (nondecreasing) 5HH, 22(con-
cave)otll REIBH 1AL MES 2= E S0 ol &2 7HstHL') &452| Al(class)Z M2l

16) 0|@f= HITHZ Anderson et al.(2018)2] Theorem 32 IHHXIOE‘OHM w( ) =09 §8842
27051, oY E8EE 7MY 49 FALNO| 71 2 7|We &2 7HEICt ] 4Ee
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2. & I A2 B g4 Rads)
O 71 FM8h7t 59 BAHS Ui B4 2o v AL 9G5S 7k 9
S A B4 Ao Yush A TetA] B AT s BETS

of that Aol A Agmen, BE AN B4 Ao she e A

£ TESH YA fo YTHH SET A5 HTHE vio /|5

o1 T v
s}z Qg REMste] AA)H Folg BAT,
2.1. REIQt K|
2.1.1. 3 94
O Sm { m, t’t_ 1’ T Tm}—% Gm /\-] ‘?‘%_61} —%O]U:L E—X]—EH% m_gl
434 ICDF= A6 Z=.
Al A@) 1 (&
(6) Gm (x) ——Z(.Z‘ th)l(thSx)
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(4,,,)= At E W& (trapezoidal rule)& B-85to] A-43 ofef 21(7)
< FEIS A59] FHAE e,

/‘\4(7) }2144:1_ =

A

O mFA]Eto 2 Anderson et al.(2018)2 Vu (1, — L,,,)°] B-o] 091 7H--A
OF T ZA|A(mean zero Gaussian process)?] H&=(functiona)® 43
S Hlow, FEIF Ao fitt A4 FES A% ABAER
(subsampling) ALHE Aok & A5 FA| Anderson et al.(2018)&
v 0 2 A4 H FEI o} A5of et A4 25 AAst o, 1414

AFH2 (75 25 = vH.

O $Al 2 AFo|M= 12670 Al B T B B5E R R A+

TFAF o= o] ARl Alue] 2Tk ofy e} 2 7] S s} AlLpe] .o ut
2t 349 A g ER27HA] & 882719 #EE o E FEYL ASE
A

17) 2 Q70N = AR/ R RELQH X[t 00t ZTet RELIQF X|=7t 11t ZTHE HER. SAH
a3 Zat, 88271 REL|CH X5 25 5% R+Z0IM HFIHESE 7|2ok= AL =



(e}

9,
iw
i
ral

=
1o
N,
w
rE
o
i)
12
o,
X
N
=
&
o
4
39,
N,
=)
gl
oS,

- w3 9F FRA LETSE /I Ao B Bk vlug 5
o) BE AAS Tl BA0) Wae =it o714 AetE B ¢
S SRR 2159} 2L min-max WS TEsto] APslg o, 2
Rt HEgho. Rt 882700 BE 5 WE BV VY B AR
e A2 94E B8,

(E 3-1) 7|2 Hal0| ME REL|C X2t Yriate Ba Ho| #at

AlLf2|R A7 YrislE B B RELQH X|5
H|O|A2t0l 2000~2020 0.6200 0.6970
SSP1-2.6 2041~2060 0.6053 0.6819
SSP1-2.6 2081~2100 0.5913 0.6705
SSP2-4.5 2041~2060 0.6155 0.6909
SSP2-4.5 2081~2100 0.4874 0.5401
SSP5-8.5 2041~2060 0.5891 0.6675
SSP5-8.5 2081~2100 0.5610 0.6273

Z: AAS AR BE 71790} L] 95 CanESMS S Blko 2 o, 2= 72t Al2e] AR WA S 715
22 28 3to] AP AT Gt 882710) BE F HE W4T MY B A2 M W e A2
T4 Bgto] 7} Aol B s Aok gk ofng
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- EURe P 71 e o] e SRS (40 sl A7s)
) o] Wster 1 e 271014 4 B8 SAIE A, ok &
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(O3 3-3) AIZE =2l X0|(Yrate B U vs RELIR! Xi)

Baseline (2001-2020) Late Century (2081-2100) under SSP5-8.5 18

Rank Disparity

=
T

o] A2kl A2 2(2001~2020)F Al9J3t B AlU#] = CanESM5E vHg o2 9. Atatd d=
= 882719 £X & Bt d7t 7P w2 Al 7P R Al ] g E8oto] 2 Al Bt T
£ taet g2 it &9 Aole FEMQL A¢R AP &9l Behd Bt DR APgE
AS W g2 iz Aoz el X2 oA Al A qolv, 5 AlFEE I7 75
32 A8 A

Az AR A4,
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(O3 3-4) Yriste B ot RELIQ X|5 HEKH|0| 2SRl vs SSP5-8.5, AI7|Z)

Utopian Index Normalized Mean

I I I |
o o o =3
] <] = =
b~ S = <]

&
B
Climate-induced Changes in Index Values

-032

-0.36

-040

Z: o] AEke] A|uE] 2(2001~2020)E AQJg ZE AlUE]| & CanESM5E v o2 ¢, Fstd g
£ 882719 EX F B A7t MY 22 ARt 7P B2 A1 FS] B E85te] 74 AIRS H T
& Arelet 38 Qulgh A= ZHEC] WSk Ho| ARl AU QoA AP S gHEa} SSP5-8.500141 Al
7S v o 2 A3t ZEE9] Aol & oJulgt. Mo R As|K A G2 EAoA ALH Aoy, &5
T3 AFEe 299 7HE4E A8l A9

Az AR 2.
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O FEIRL A= 2R0] A7]0f| wet gho] g2hd = A= &<l a4,
A

2tA 2 Aol M=

(Z 3-2) 7|2 Hal0i| [E Y T4 X10|Q} P{HHHEIO| tHa}

TF o2 240 otz
A2 ad (100kg/1 o}a)I ( Jcl)kﬂgn 0a)

HojAztol 2000~2020 0.6972 14787
SSP1-2.6 2041~2060 0.7242 15524
SSP1-2.6 2081~2100 0.7499 16078
SSP2-45 2041~2060 0.7055 15086
SSP2-4.5 2081~2100 0.9405 20446
SSP5-8.5 2041~2060 0.7540 16227
SSP5-8.5 2081~2100 0.8055 18187

=
e

(AAE AR B 7158t AU 2= CanESM5E B2 o YA = 7 A9 FAUAS 7%

2 P8sjol APGTE W e Aol 882710) RE 5 BF W4T} AV L A2 B T} 7
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|
|
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(% 3-5) AlZE B H== X{0|2} {HEHE] 70| Xt0|(H|0|A2H! vs SSP5-8.5, M|7|2)

30

Baseline (2001-2020) Late Century (2081-2100) under SSP5-8.5

o
Disparity between Violation Area and Yield Difference (100kg/10a)

Ca

00

o] AERQI Al o)A AFFRE 5 |4 FHEO] 2}o](YE)2} SSP5-8.5901 4] A7 7|02 At &+
A4 FE9 Aol(eEX)E ou[F Ho|AERR] AU 2(2001~2020)8 AF RE AUt
CanFSM5E vH O 2 3t B o Xjol= 882709 B2 F B3 Tprt 7P 2 Al B Tl
A 881719 Al Wt T s Wl 3hE Q| Mo & AKX 2 B4 A|QH A FolH, &5
I AFEE 29 7HEAES HEl Al

Az AR A,

O mpA[efe & (19 3-5)+ H|o|A2R1lF} SSP5-8.5 A7 TollA] a2
Lol A Pt &= o] ghe Wl ghe YR,

- 24 2%, FEYRE Ao v AL A QE Ay} gt T 2}

ol A7|Ho] B8 E7heks Ao ek,
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- Linton et al.(2010)2 EEAEHS ujgto 2 o]z} st5AH] HAAL 9
dHES AAR. & F2R e A2 A5 AW (contact set)e -85t
o] AR (power)S Z7HA7. 7|49 AEFe = Bxo| [CDF/}
YT AR olvishy] SEAE 25k FA FIet

- 7129 AAWHY] AL E2HFL AA AXNHAY &2 W (support)2h

)
7Hgsto] AA A7 42 (conservative)C| 2= SHAIE 715].20) oo

H3fl Linton et al.(2010)2 FEAEH FEZ AA HEFT A &
sto] S A Psto] LRt 72 Stoll A AA| o]2F SEAIH| FHiE

o o
= T
HET gE0] 7|&2 IRiET F.

O 4 A3} AAof] IA A 79 AEHS v OZ 3 FHXE A& A
(payment index)2t F g E3H-FET QL A 4= B4 Aito A 83t 3

=
4 Aol 2 B8 3tel WEe BT PHTe] Aol ¥l BT,

T

(Z 3-3) 7|=Halo| ME P B X012} X2 X|=2| Hat

[

mF O Xj0 x| X|&
A2 ad (100kg/1 OL)I a Oz)Ekg/I‘l_Ba)
H|0|A I 2000~2020 0.6972 0.7375
SSP1-2.6 2041~2060 0.7242 0.7639
SSP1-2.6 2081~2100 0.7499 0.7901
SSP2-4.5 2041~2060 0.7055 0.7435
SSP2-4.5 2081~2100 0.9405 0.9850

19) Linton et al.(2010)0fl CHSH XIM|3H LIB2 & =& S2 Whang(2019)S &£ HIE.
20) 7|1 H4=X0j2k= Qoj= HR7HE0] Y o HH2= RAEE T X7 7|2f5tth= 20|

o=
%, 5 ASTHIS 7121017 YIF AR 712t 2E0| B NS RULELLE RS S D[,

r

gmuste] AAH 74 241 45
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Yt T X10| = X[
AL
=12 APl (100kg/10a) (100kg/10a)
SSP5-8.5 2041~2060 0.7540 0.7952
SSP5-8.5 2081~2100 0.8055 0.8571

F ANE A BE 71 TS} ALE] Q= CanESM5E HIF 0.2 3 24X 7 Al29] BAWAE 7+
A2 Zgsto] AT Bt T Aol= 882719 BE T FE DT P w2 AR B dpet 24
Alte] Bt T W ke iRk

A AAF 2.
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(8 3-6) AIZE =9l X0|(Ez T XH0] vs X2 X|%)

Baseline (2001-2020) Late Century (2081-2100) under SSP5-8.5

20

Rank Disparity

ol £

Lo

=1 wjo] Aztel AL 2(2001~202008 A9fTt LE AlLhe] Q= CanESM5S ulgto.2 3 Wt T4 Aol
= 8827)9) %& B B 7 8 AR Wi Wl 2 A1) B GAS W U oolE ¢
9] Zjols A2 M52 APYR S0l A B T Aol 2 AP E 491 W 3k ofmlk. Ao Wl
Ao B4 A AQE A jolm, LETI AFEE 1Y) HEHS 915 AL,
Az AR A,

O (1% 3-6) % A2 A 2 AlZEY] &9 AolS Lk, of7]4 &
9 Holie A& A5w WA 7 AF50] £90l4 B T Fol= ujA
A 7 AFE0 95 W ko by,

B4 A, 7|58t AYD4E 4 A5 £9) Kol

2 Uehton], $5p5-8.5 71 87T SRezo] 9l 2|5 et
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o9 7t AlE 1k A8 A% @E0] Hol 7 ArjH oz o o2 <l
£9] WS} A k50 st B8 W] gEel.

(O3 3-7) 7|2Hal0f ME B T Xt0[2t K= X|5=2f Hak(H|0]A2fR! vs SSP5-8.5,
M71Z)

Payment Index Yield Difference

Climate-induced Changes in Index Values

-50

ZF: Ho]AgH] AU 2(2001~2020)8 AQst HE AU & CanESM5E B C.2 & A st &
£ 882719 B F Wit W7t 7 22 A1F T 7P B2 Al o] whrg Egoto] 7 Ao B e
& Arelet 38 9ulgh 2| gHEC] WSk Ho| Akl AluE] QoA AFASE FHE} SSP5-8.500141 Al
7S v o 2 A3t ZHE9] Afol & oJuigt. Mo & As|H A 9L EAoA ALH Aoy, &5
T3 AFEE 299 /=4S Al A9

Az AR A,

O (¥ 3-7)2 7151 stol| ;& F A|=2] MokE et 7] A 9] &= A9
Hohs 7 A= Ho] ATl ARt gl A SSP5-8.5 A7kl A 9] gt
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(O3 3-8) AIZE B U= X012} X|= X|= 2k X10|(H|0]A2}Q1 vs SSP5-8.5, M|7|2)

Baseline (2001-2020) Late Century (2081-2100) under SSP5-8.5

3
Disparity between Payment Index and Yield Difference (kg/10a)
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(8 3-9) A2 X|= X|==2f IHHHA 2te| XIO|(H|0]A2t21 vs SSP5-8.5, MI7|Z)
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Baseline (2001-2020) Late Century (2081-2100) under SSP5-8.5

Disparity between Violation Area and Payment Index (100kg/10a)

00

1 o] AR AUE] Q04 APFRE - K| GhES] Ao (92)9} SSP5-8.50041 71T 7E o= ARt
g FEQ] ANLEHE AuiF. HjolATRI AUE|2(2001~202008 AT B AuEles
CanESM5E HIFo.2 9. B &= Aol 882719 £ F F @7t /M w2 Al29] B¢ B9
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O ot #+= 1) Chen & Li(2009)°] W23 vIE 0 & 5% 9-9)=Fof A 274
O] A2 s AT A}, 2) 2709 A2t 3709 Aol 9]
AICc%} BICc A}o|E e,

A2 Che;_%';:ﬁioog) AlCc BICc
HEA| 0.02 6.67 6.44
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EHEN 0.03 6.67 6.44
o1FZ 0.00 18.76 18.53
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2017 0.03 8.57 8.34
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BE 34 A48 A4 L& 2% 7]F 34C o4

(RH 2-1) M5 4 2k 12 25 7|% 34C 01y

Ha y v ¥
i 9.1968*** 61.5549%** 369.0786%**
X2 -0.0008 -0.0080 -0.0569
o0t ze ~0.0009 -0.0083 ~0.0590
cad N U2 -0.0106 -0.1227 -1.0744
S Y= NS -0.0022** -0.0179* -0.1064
X2 -0.0080*% -0.0723*% -0.5049
i 52 -0.0047** -0.0373* -0.2262
*o'%;l 2 -0.0033 -0.0239 -0.1299
8 Y= -0.0435*** -0.4560%** —-3.5591***
S Y=+ NS 0.0018* 0.0215** 0.1878***
X2 -0.0003 -0.0042 -0.0393
52 0.0009%* 0.0060* 0.0297
57| 2 0.0030** 0.0269** 0.1712*
8 Y= -0.0351*** -0.3969%** =3.2732***
S U= NS 0.0001 0.0128 0.1681
FM 0.1406*** 1.4293*** 10.9208***
FME N -0.0054*** -0.0552*** -0.4216%**
Al I8gw Yes Yes Yes
il bsk=mnl Yes Yes Yes
T4 Y G 4.9150 24.3360 121.342
HUSX| 3,547 3,647 3,547
M= R 0.6933 0.7061 0.7131

2 1) A3 120 12L 1559 3059, FFYA7|9) TLL HEAUI 0 laf EAoA Aolg.
2) %, w7 10%, 5%, 1% Sel5EoAe] B4 $-242 Yerd,
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Yield (100kg/10a)
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REN 3 BAY A4

O Anderson et al.(2018)2 7, ,,9] A(asymptotic) E-EE ZA}sl7] )

HE g 2o (subsampling method)S A|A| S,

A 2 AtoMe F {39 Aml gt FEXEE HHS A G, (2)
g BAZAE S, = (X, t=1,... T, 2t T F¢ A WA 5F(Type 1)
9] At7 = F7|3Ksynchronized) ¥ A &2 A7 5 Qulsiy, A2 ZHZAI
7,719 &9 BHSAER o|Fojzl HES ov|otH, T HA 3F(Type 2)

O A&7} Type 10] 438 499 7, , of gt ALEE LA tho 7} 7+e

- 1) ;ﬂiﬂ—:ﬂ:—%, WT = {Xm,t t= 1""’ Tm;m: 1’M}% H}‘%*O‘i 7‘5'113
EAFA 1, & AHEE.

- 2) 5—7]7]— b %—E‘, Wv})qulﬁl 17 ’L( )E S fOl‘Wl—l Mq]

= == Tm fe)

A 328, 01714 L(T) = min (L(T)), ... L(Ty)}. L(T,) = " |2,

- 3) UM F2ER W, i =1, LD HEOR T, , 5 A4
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