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Abstract

The research project explores the feasibility of 3 actions aimed at improving the risk
management of rice cultivation in Thailand. First, the study shows that the vegetation index
obtained from remote sensing data can identify the rice’s crop cycles and also the area
experiencing total loss in the central region and the southern belt of northeast zone in
Thailand. Second, it is shown that the vegetation index can be used as the indicator in the crop
insurance, identifying areas of crop losses and triggering payments to insured farmers. Third, it is
found that crop insurers can diversify their risk through both domestic risk pooling (by insuring
both zones of rice cultivation) and also internationally hedging through commodity futures

markets
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Executive Summary

This research focuses on the sustainable approach for managing climate change risk on
rice farmers. In essence, the research explored several cutting-edge techniques including
geographic information system (GIS) related to crop planting, remote sensing data from satellite
to show the damage caused by extreme climate conditions, and household socio-economic
data and global rice markets as well as futures market. By utilizing advance analytical technique
on GIS as well as economics and financial sciences to integrate and comprehend the knowledge
related to the underlying farmer's risk and formulate approaches in which the Government can
manage these risks. The goal is to crystalize an integrated approach to analyze raw data, to
synthesize and develop an understandings and solutions related to managing risks facing rice
production by both farmers and the Government. Hence, the research made progress in three

key areas and the results are shown below.

1) Study of approach in damage evaluation in two key rice growing regions namely,
Chao Phraya Basin and Kula-Rong-Hai plain. The study utilized remote sensing
technology from satellite to determine the losses associated with extreme climate
conditions, specifically obtained from actual loss report from the Ministry of
Agriculture. First, to monitor crop cycle remotely, a series of three indexes were
created using remote sensing data in the form of Normalized Difference Vegetation
Index (NDVI). The output indexes are called Vegetation Condition Index (VCI),
Vegetation-Temperature Condition Index (VTI) and Standardized Vegetation Index
(SVI). By using these indexes, the research team successfully developed technology
to identify the first week of rice crop planting, and the first week of rice harvesting.
By combining this rice planting and harvesting date detection technology with SVI
index, our team was able to develop unique index that accumulates values starting
from the first planting date until harvesting, which we call Cumulative SVI, (CSVI).
Next, flood-affected areas determined by geo-satellite images from Radarsat, were

then cross-examined with the CSVI to determine the predictability of losses



The study of developmental approach of crop insurance to analyze risk profiles,
numeration methods for premiums and risk management for the insurer using
remote sensing technology. Together with rice production application and actuarial
sciences, the results demonstrate the functionality of CSVI as an indicator of losses
of rice planting in both central and southern part of northeastern region. Using
econometrics method, the loss function associated with both regions was
developed. Furthermore, the research made recommendation on development of
crop insurance product based on CSVI as an indicator to detect loss. And by using
actual losses report from agriculture household from Office of Agricultural Economics
(OAE) during 2005 and 2010 to derive crop insurance premiums, the resulted
premiums is at 263.04 Baht per Rai in the case of rice planting area in Northeastern
region and 296.87 Baht per Rai in the case of rice planting area in Central region.

The study of experimental approach to manage insurance capital by diversifying risk
domestically between two key rice growing regions, namely Chao Phraya Basin and
Kula-Rong-Hai plain, and by diversifying risk at international level utilizing futures
market. The study found that the rice production between two key areas are not
statistically correlated thus mitigating insurers concerns on insurance’s payout.
Furthermore, this research produced global rice model to examine rice price
mechanism, demand and supply responses. The model demonstrates decreases in
supply do not match proportionately with price increases. Hence, the handoff
approach of risk management by automatic adjustment between supply and prices
does not perfectly cover the farmer’s revenue risk. In addition, the researchers
studied an experimental approach to mitigate financial risks by using rice futures to
hedge rice price. The result indicates that insurer can use such measure to lessen

risks from rice price fluctuations.
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124 A%¥U Vegetation Condition Index: (VCI), Vegetation -Temperature

Condition Index (VTI), waz Standardized Vegetation Index (SVI)

1.2.4.1 Vegetation Condition Index (VCI)

VCl fip fyllan1izvesienssas MadlunisAwin VCl agdeslidayavesn1iiiiey Terra MODIS 1
AUINANRSTNTNTSUNas UL alad (VS NDVI) neuluiledu wad139ten NDVI undulandu

AvYl VCl fanansluaunisaoludl

NDVI — NDVI,
VeI (%) = ( min) x 100 2
(NDVI,4r — NDVIin)

Taesi NDVI #e f1 NDVI 518 8 Tt Ufigeanisane
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NDVI,,;, f® ﬁiﬁ&?ﬁﬁjﬂmaqé’%ﬁ NDVI o4 9asnanatug:ad w.e. 2543 — 2555

NDV g, f® Arasanveivil NDVI ad 9adana1ilutael w.a. 2543 - 2555

¥ ¥

Fansiwineuannsteiulagldyndeya NOVI Alddnasansun avlagadeyadvil VCl 518 8

Y

U AR W.A. 2543 — 2555 999usazaniuiuandludemInnIANaILarAIAEIN F901INA1B4

9 Y
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VCl fAndlng 100 wand3nan1ieveedny s iuilgndnadenardlugiaiaivestty danuiduvesd
Wealnamgegnludiaseud wa. 2543- 2555 Tuvauzinednu srevesiwl VOl lulladiardunn wang
1 o IanunUgnituiianizvestrlulinariiianuduvesdidedniniia Va Tuldug wnide

WiguiguA1vesdeduaime Iy
1.2.4.2 Vegetation-Temperature Condition Index (VTI)

VTl Wudvfinansaniizvesivdadunisnandoya VC iy TCI (Temperature  Condition
Index) F9AN89 VTI AAIUIULA L LARIDIAN1IEUDINTNT T 520D 9N15UTZaUN WA IV INYNTIU

HansenuIngamiiinluiieg Inslusddedlaldnisaseiai v enuwandluaunis

VTI = (0.5 x VCI) + (0.5 X TCI) 3

v oy
v A o

Wil A1vee TCl  gnAwialaen1sundoyavresA1gumniAua31983uAazn (Brightness
Temperature %30 BT)  Fafudeyadnuszinnnilefianaiiion Terra MODIS LiuAngauivesusazqn
e vualan Tuthanan 16 Su Taee TC fdnwagnisdmnniindiefuisnisd i val dufienisi
warnasEninsArfisuldfuAgagaumIfeA1tssEnIegunfinuainagegauazagn dauansly
aumssiolud

(BTmax B BT)

TCI(%) = x 100 a4
(/0) (BTmax - BTmin)

lag# BT fe Argaungilaanuedng(Brightness Temperature) 518 16 Tu
BTiin A2 A1A0UMANAMNNEIANER 2 Iacana1luseul w.e. 2543-2556
BTiax A9 A1QauniiAaadnegedn o anananluseud w.e. 2543-2556

1 a1

INBMsAWINAT TC aziuliimmnuinsinanigungiignintloug awes TCI azdae

Feagvinliian VT anas (mnen VOl ldidsuudadldainidy) Samnetisanngvesiisnegluszaudiniy
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1.2.4.3 Standardized Vegetation Index (SVI)

Tuduvesdvdil awdunsdnmedeivanizvesiglaenisnimaniavesal NDVI vesiui
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NDVI 3a:3a1viavisin TngdUnuuyeanisAulneiail
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Tnedl NDVI, o el NDVI au Huil i Tudil
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nsustinivegluanniiinisiasaauleg luvaziieatudidan SVI 61 wansinanaznisiasaiule
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125  mMsusdiaiEulgnuasiuiuifiendnafaeg Extended Kalman Filter (EKF)

nmsvariulgniiieldlunisnsiaeuiunugniniivssmadndudesdddeyaiinsounqu Toya
Mnaulandlaangalawndeyaninaieaniiies [3] [4] [5] luussadeyaninaieniiiiey ameie
= a & v - = - ' o A a o @ Y o %
arufigalufaduteyaivangauigaiiosnaiunsasienmyniuiyaiuias S dudeyaniunldle
lngldidealddng [5] [6] 9NMTMUNIWITIUNTTY [7] wudrdeyasunsuiial NDVI (Normalized
Difference Vegetation Index) aggnldlumsmiusuduvesmsugndnlnauazaiviosuds 1y 7]
latauadsni1sussunaiusinegesiivluansgowsnlaonisieuiisuiuvedassissening Savitzky-
Golay filter wag Double logistic function LeNTBI&YQYIUTUNIUDBNAIN MODIS NDVI $1831UIA3
a vaa o ¢ o Y o = v 1%
avldun 250 wns warliisnsmeyiustuivilsazasdlunisueniusenaindeyainseanad winwle

Teaguinsaeamatinlveniriunazdmalintoranaintosndt 2 dav

U809 Kleynhans [8] 1% Extended Kalman Filter wag Triply modulated cosine function

fudayasunsy MODIS NDVI 909 8 Tuilanuaziden 500 WnstiedhuNTeninanuiyusuuasin1y
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Y ¥ = v
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Tunuddeil 1519197801598 Kleynhans Tumsmiudgninilagld Extended Kalman Filter uag
triply modulated cosine function agldfiutoyasunsu MODIS NDVI fiiludeyasie 8 Ju Fadin
avldyn 250 LWns ALBUNEgARazINaTILARINNSWeNfIUTEnauves EKF asgnauiududyaiunig
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~ PV v & = oA va Y o A ) Yy A PN
igulanuYIas A ey aiiminganwagl it manidudaiioniulgninmangauian
1.2.5.1 A triply modulated cosine function
auNsuLIa1 NDVI dnsuanunsaivuaiviegluguuuuidu A triply modulated cosine function
19 Fedannsnadl
Vi = Uk + arcos(wk + @) +ny 6

10e7 y;, ABA1INNTHUNAVBIBUNTUNAT NDVI e ABANRRY ay ABLBNNETN @) ABLNE ny AD

[

fynuTUNIU Kk Aonatiay  ABANAWNL ANNAWEIInTaRwILliaInauns o = 2rf lag
N f faanudvensasuyiulavesivy luaiddeilsdsimuali £ Ay 8/365 Tudeyadiiund

way f flAwiniu 8/240 ludeyatniuuss
1.2.5.2 The Extended Kalman Filter
nsuwenAIaLUs NDVI 91nlaiaa triply modulated cosine function agldaiugiu Extended
Kalman Filter (EKF) faduilendudadulae Mlunswendinusnaulasenun weusnduds Avade
LBUNGEYA Uavia oanu1andayayias NDVI Tagit EKF dlaunisnail
X = f(xp-1) + wy 7
Vi = h(x) + vy 8
10871 Xj_1 ADANALTIIAINOUNTN W), ADFIUTUNIUYDIFILUT ), AoAT NDVI - Aidnuauls
ety h(xy) QnunueIe a triply modulated cosine function wag vy, FedyamsunIuYes NDV/
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Standardized Vegetation Index
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AduUsEAVEAT Wagdvll Cumulative SVI dwasionsiUdsunUasvesrudeneveinisuandiiegie
Hvezdfy lnsposnuigautesmadulsedns B (MTemdulssdnsunsdinds AVG(-1) Tuldsunsy
EVIEWS) lauansinAdwil Cumulative SVI figeunnfuazdsnalviyarmanudeme (L,) anas  lag
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AUNTHANIANULANNEY (Loss Function) AALaNwEaIN

L;; = 9.364 + (0.011 x zNDVL,,) + 0; + &; 12

1P8NANITILATIZRLALAAS AL UINENNTT AUNISLEAIAULESNNY (Loss Function) UTENNUNNT

Jutazdimnuusiuglunisuszanunisisenusesay 21.7

A191991 6 WAANNT5IEIoN1S Panel Regression Tun1sUsZUNUENNISHEAIAUESNNBYDINBUAY NUNNIADEIU

nauld

Dependent Variable: LOG(RELIEF)

Method: Panel EGLS (Cross-section weights)
Cross-sections included: 364

Total panel (unbalanced) observations: 394

Linear estimation after one-step weighting matrix

Variable Coefficient Std. Error t-Statistic Prob.

C 9.364206 0.002774 3375.291 0.0000
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AVG(-1) -0.011721 0.001118 -10.48411 0.0000

Weighted Statistics

R-squared 0.218994  Mean dependent var 154.1863
Adjusted R-squared 0.217001  S.D. dependent var 1223.344
S.E. of regression 0.939413  Sum squared resid 3459387
F-statistic 109.9165  Durbin-Watson stat 2310517
Prob(F-statistic) 0.000000

.nm‘?n”mim’w(mmma)

M15197 7 louansraarnnisyszanalagldlusunsy EVIEWS Fadulusunsunesiuiasegiintunis

a

Uszanansadulszansnnee Tuaunisuansnnudsnie (Loss Function)  @21nHan1sUszanmunig
mesnsmaasugladlauansliiiuiiadudszansaeisou (@1 a wieA C Tulusunsy) wazen
duusvansuansmuduiussenIeAwell zZNDVI wazyad1nudenis (A1 B w3ed1 AVG(-1) 1u

(%)

lUsunsu) damasiaAvesnnudenevesnisugniniegiiteezddynsainnsyauiininfesas 1 lay

WwIpwneauYeImd@UsEans B lauandlimiiuin wnAwes zNDVI MSeasauil Cumulative SVI) Sen

297U YaAnAudeeIzanas Asaun1sisidnyaeselull

L;; = 9.346 + (0.234 X zNDVI;;) + 6; + &;; 13

Tngnaaunsnuszanaduidanuiiuglunsiansmvesanudemessausiva (L) Nszauses

a¥ 63.81

P yaa . o o y & 4
A151971 7 HaNA51EI5A15 Panel Regression Tun1sUszanuauNSUEAIANUEERNIEYIABLEY NUTINIANANS

Dependent Variable: LOG(RELIEF)

Method: Panel EGLS (Cross-section weights)
Cross-sections included: 299

Total panel (unbalanced) observations: 379

Linear estimation after one-step weighting matrix

Variable Coefficient Std. Error t-Statistic Prob.
C 9.346922 0.001496 6248.124 0.0000
AVG(-1) -0.023419 0.000908 -25.78236 0.0000
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Weighted Statistics

R-squared 0.638102 Mean dependent var 66.06479
Adjusted R-squared 0.637142  S.D. dependent var 501.7519
S.E. of regression 0.964597  Sum squared resid 350.7785
F-statistic 664.7302  Durbin-Watson stat 1.711480
Prob(F-statistic) 0.000000
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lusureansiiguwlamandnseiuiiinizlan s19az88AUINaN15ATIBALAEITNITNIG
wsugdflauandlunised 10 lowansnduinlufeunnuszna Jadudrdyidwmananisiuasunas

HaKFRAD §ns1NsiAguvesrandnlulgananaunii wazkuilduaiuunuial (Time trend) Fauans

Tiud nMsfinandnneiunissivgeauegedeiiondunauiannsasauaiuduasinuninelulad

1%
= a

myvanidudnladenilsidmanonsiiniuvewandnlulsemeaniag laegui 29 tuandiiuianig

Wisuilsunauszananisiudeyassslusinuaznanisuszananisuuildulueuian Tnaidunsdves

a [

Andavantulanioun Useinelve Ju dude wavllgauy

n13199 9 Yadeilinasienisiudsundasiiungnd1ilugast 2510 -2550

(n(Area,) = a + b; In(Area,.) + b, In(Pricer4) + bs In(Population) + e

a In(Area.;) (n(Price..,) In(Population) | Adjusted R’
China 2.792 0.888 0.02 -0.142 0.90
(2.233) (13.315)% (1.569) " (-2.81) "
India 10.386 0.389 0.042 0.841
(5.14)** (3.265)** (4.302)**
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Pakistan 14323 0.673 0.055 0.931
(3.51)% (7.194)* (3.093)

Thailand 3.063 0.771 0.074 0.841
(2.479) (8.81)* (2.294)*

United State 4.456 0.381 0.223 0.549 0.705
(3.676)* (2.953)% (3.72)% (2.85)%*

Vietnam 2.64 0.803 0.108 0.968
(2.497) (10.213) (2.426)*

Rest of the 8.087 0.441 0.213 0.771

World (2.913)** (2.409)* (3.115)*

Area: WuiliwzUan

Price: $111917 (luanaliuviesiu)

Population: 9113UUs8¥N5

FGINE) favlunadunandiiann tstatistics WA LASBIVIANG *** + UaARSTNSEAUANUE AN SEDRAT 1%, 5% way 10% MUa1FU

(n(Yieldy) = a + b; In(Yield,;) + b, TimeTrend, + e

A15199 10 Uadedinasaniswasundasnanannanunvastinaluyaesl 2505 -2550

a (n(Yield,) TimeTrend Adjusted R’

China 0.198 0.847 0.002 0.987
(3.478)* (14.281)* (1.604)"

India 0.224 0.214 0.016 0.931
(5.383)** (147" (5.307)*

Pakistan 0.117 0.823 0.002 0.927
(2.753 (10.43)* (1.558) "

Thailand 0.188 0.61 0.0045 0.892
(3.027)%* (4.807)* (3.046)

United State 0.673 0.547 0.0054 0.947
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(3.974)*

(4.661)**

(3.559)**

Vietnam

0.0995
(2.373)*

0.787
(9.071)**

0.0056
(2.61)*

0.971

Rest of the
World

0.195
(3.322)**

0.683
(6.759)**

0.006
(3.213)**

0.993

Yield: Han@dnsiofuitnizgn

Timetrend: Arkwldum LAWY (Muualiiavinnu 11ul 2505)

e favlundunanadieen tstatistics way LATOIINE %+ wanstesEAuANUETYNSElAT 1%, 5% waz 10% audeiu

40,000,000

35,000,000

30,000,000

25,000,000

20,000,000

15,000,000

10,000,000

5,000,000

50,000,000
45,000,000
40,000,000
35,000,000
30,000,000
25,000,000
20,000,000
15,000,000
10,000,000

5,000,000

China

Thailand

14,000,000
12,000,000 P
10,000,000
——Predicted 8,000,000
——Actual 6,000,000
4,000,000 .
= Predicted
2,000,000
= Actual
L R T R e =R JR-1 o o moy Ao+ L Q
oxllio‘mmb‘:\c\—‘-g-« = ol SE O g4 %
o @ =N = 2 Z2 =8
2555598598828 825888% 558885
India
9,000,000
8,000,000 "
7,000,000
6,000,000
5,000,000
= Predicted 4,000,000
—— Acutal 3,000,000 ——Predicted
2,000,000
= Actual
1,000,000

JUN 28 anitwizugndnivassemadnand

50




Thailand

e Predicted
e Actual

4.00
3-50
3.00
2.50
2.00

1.50
1.00
0.50

China

Predicted

Actual

7

10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

gc0T
Szoz
TTOT
6r0T
910T
€10T
o10T
Looz
ooz
100T
8661
S661

T66T
6861
9861
£g61
0861
LL6T

rL61

1261

8961
G961

z961

Vietnam

= Predicted
e Actual

B o

9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00

P

India

—— Predicted

= Actual

6.00
5.00
4.00
3.00
2.00
1.00

850T
Sgos
TTOT
610T
910T
€10z
o102
Looz
tooz
100T
8661
S661

661
6861
9861
£g61
0861
LL61

Lot

1461

8961
S961

<961

{c0T
G¢zoz
20T
6roz
grOT
€T0T
oroT
L00OT
ooz
100T
|66T
Ge0T

TOOT
6g0T
080T
©g6T
0gOT
46T

FL6T

TLOT

8967
G061

06T

——Predicted

e A CtU12]

Hectare)

AURD
Thailand

U (e

1A%y

Usznatinaniid
250
200
150
100
50

a

¥
A

ANNBDNUNUVDY
s Predicted

—— Actual

a

China

sUN 29 waw

Y

160
140
120
100
8o
60
40
20

|TOT
Szoz
TToT
610T
grOT
€108
o10T
LooT
tooz
00T
|O6T
SootT

TO6T
6861
9801
CgoT
0got
LL6T

tiot

TLOT

8901
Sob1
961

ofoz
§TOT
9ToT
tzoz
STot
0TOT
F10T
910z
oz
T10T
oroz
ooz
Q00T
tooz
00T
000T
66T
9661
oot
661
0661
56T
9861
tgot
=got
ogbt
BLOT

e Predicted

——Actual

Vietnam

350
300
150

100

50

= Predicted

— Actual

India

160
140
120
100
80
60
40
20

ofoz
gooT
9z0e
tzoz

cEoT
0z0z
810z
9108
Froz
z108
oros
gooz
9005
rooz
TooT
0005
8661
066t
P61
=661
0661
8861
ag6T
tg6r
zg61
0g6T
/46T
9461
b6t
@bt
0b
8961
9961
Fobr
961

51

)

Sufanu

flan

y (Vi

Aty

UvasuszimAgnaniid

aUszuInsee

v
AUIND

sU¥ 30 n15U3

v



Thailand

s==DPredicted
e Actual

ofozt
Lzoz
Fzoz
20T
g1oT
Croz
10T
600T
QOOT
ooz
000T
L6OT
FooT
66T
8861
g6t
zgOT
6L61
QLOT
€461
0LOT
L9061

50,000,000
45,000,000
40,000,000
35,000,000
30,000,000
25,000,000
20,000,000
15,000,000
10,000,000

o

= Predicted
w— Actual

China

300,000,000
250,000,000
200,000,000
150,000,000
100,000,000 |[=
50,000,000

5,000,000

otozT
LzoT
TOT
1208
|I0T
S1o0T
TI0T
600T
Q00T
ooz
000T
L66T
+o61
60T
8801
CROT
TgOT
6LOT
QLOT
.01
0LOT
LO6T

Vietnam

——Predicted
e Actual

—

6661
L6061
661
£661
1661
bbbl
g6
Sg61

6061
96

70,000,000
60,000,000
50,000,000
40,000,000
30,000,000
20,000,000
10,000,000

India

s Predicted
—Actual

300,000,000
250,000,000
200,000,000
150,000,000
100,000,000

50,000,000

ofoz
LzoT
Fzoz
120T
|IOT
1oz
10T
600z
Qo0T
ooz
000T
L66T
rooT
1661
801
Qo1
=80T
6L01
9L0T
©LOT
0L6T
L9061

——Predicted
e Actual

Alansy)

(W
Thailand

L7

1Aty

14,000
12,000
10,000
8,000
6,000
4,000
2,000

lng5uvesUssinAdnanie

¥
BIZATRIe

a

sUN 31 N5k

v

China
e=Predicted

e Actual

ot

§coT
SzozT
fetlo et
610T
Q10T
€10T
o10T
Looz
ooz
100%
{661
S66T
6T
680T
9861
¢86T
080T
LLOT

So6T
TO6T

ooz
8T0T
9z0T
tzoz
TTOT
0ToT
810%
9108
troe
TI0T
010T
800T
9002
tooz
T00T
000T
{661
9661
6061
G661
066T
8861
9861
861
cg061
0861
QLOT

180,000
160,000
140,000
120,000
,000
80,000
60,000
40,000
20,000

100

Vietnam

——Predicted
e Actual

35,000
30,000
25,000
20,000
15,000
10,000

5,000

pd

India

——Predicted
e Actual

8505
9805
teos
cEoT
0208
810z
ooz
troz
s10%
orog
8005
900G
toos
500G
000%
/661
9661
661
2661
0661
8861
9861
861
86T
0861
8LO6T

L6t
eL6T
0L6T
8961
9961
Y961
z96T

250,000
200,000
150,000
100,000

50,000

52

Aunlansy)

g suvaUsEINARNAANEAEY (Mg

v
AU

sUN 32 n1sUs

v



Global Production Global Demand

1,200,000,000 1,200,000
= Predicted = Predicted
1,000,000
1,000,000,000 Actual ’ ' e Actual
800,000,000 800,000
600,000,000 600,000
400,000,000 400,000 aJ-/‘OJJ
200,000,000 200,000

0

1985
1088

2021
0

1982

JUN 33 aunuuazaussAlagsiuvanslan

Taseaieguasd annisldiasesilonaasuglia wudtgUasagnivuelag 2 Yadendn Ae (1) N3
U3lnARaesaAumal kae (2) 91WIUUIEBINT LAAZUSENA 1AgAINABINISUSIAATIRALRDAL
1 a| :’/ o % A a Q" 1 | d' 1 2 d' 1 a
selliugninvualay 2 Jadendneie n1suslaamdesenuludiiiuuuazelindesenu (1eaviden
POINANITIATIZALAASTUANT199 11) druladedus wusntlutsUinunniosa1a1au

danadansustaanuanisiuludmsuusiavdsene Tnegun 33

a ¢ =i Ny o a 4 = = &
91NNANITIATIZILERTlUAI5199 11 Svedunaniuraulane Tunsdlvesussineiuaslnetu
wuindleUssmnsineliafedeaunalgeliu nsuslaad1roruaztosas Taasvieuliiiudmginssy
nsUstnAveslsemnans 2 sauduiltuvetguasaluowiag druladuniusantu nudnaniensiived
% a | g = a 1 A IS 1 ! Q{' af v |
ansgousnvintunnisdsusdasvessanlugig 1 UNk1ue Inasdedadenisuilnatideyusesing
TuvuzNnisiagunlasvessiaildinadaanadenisusinarelsevnsd1nsunstivesUsemnedu
wenandl lunsdlvesansgeisn naainndasdonieasuglAdandliinuii dnaaianuduiusiy

anuazvesduRmauuYelBnmey JudunudnuazyeigUaidiiunnaanUssinadug

nalnsiAvesmatalan wansAnwlalaasiniuinnsdsunasmesnaitnlunaialan (57
wUste P_USD Fadusiantumiag USD/i) ddnvasiierdesiudiuiisweguasruasguniu (fws
9 D_S GAP hazkUiiuns9iusIA1999917818  (FauwUs¥® P_WHEAT USD) lnunan193LAsisu

v o sw ! A
ANENTUSAINaIuanslugUvesaunsi 14

PUSDt = 31.40" PWHEATUSDt + 7.75" DSGAPt + 0.324* PUSDt_l + e
(6.97)* (1.24)* (3.15)* 14

Adjusted R? = 0.606 (unews: aluradu fe 1 t-statistics)
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Fanafilanuaunsn 14 wandliiiuinnisivasuilawenistesinssninguasduazauniud
nalnenssiunsilasunlassimvesinlunainian lnemndsuiaguasdtnliiubsusuaudguniu

[
ca v

Imanasfazdmalinaniuiu udegrslsffasezauddgyeainvesenuduiusissliogly
52UR9IN TaAY04 tstatistics uazA Adjusted R fatiu Aausiuuudransiazuandliifufanalnnig
UsuilufiensnsstuvesnisanasuesUiinuguasddnuazmadnlunaislan da.8unsuiudads
InLteaudemevaskananiianadasnafiuduresm uidiibszysadfuandliifiuinalnding o

faluiannsaldilunalnlunisuimsarnudsswasmuivinuremandndaldegauysal

M15199 11 Uadeidinananisiasundasvasnisusinadninanilugel 2521-2551

(n(Consumption per Capita;) = a + by In(Consumption per Capita.;) + b, In(GDP per Capita,)

+ bs In(Price of Ricey) + by In(Price of Wheat,) + e

a Consumption IN(GDP per | n(Price of In(Price of | Adjusted R]
per Capitay Capitay) Rice,) Wheat,)

China 5.896 -0.116 0.828
(66.59)** (-11.45)**

India 2414 0.257 0.107 0.322
(4.15) (1.798)° (2772

Pakistan 0.732 0.779 0.606
(2.369)" (8.31)

Thailand 1.425 0.824 -0.047 0.975
(2.999)** (13.36)** (-3.148)**

United 0.864 0.117 -0.207 0.144 0.931

State (15.01)* (3.061)** (-2.5)% (141)"

Vietnam 1.941 0.496 0.053 0.94
(3.187)** (2.818)** (2.143)*

Rest of the -3.619 0.901 0.863

World (-2.3) (10.0)**

Consumption per Capita: Usinunisuslaatnineaused

GDP per Capita: 1¢léindesonusal

Price of Rice: A dMfismelulssme (anafusiesiv)
Price of Wheat: 5901912818 a4 mam Chicago Board of Trade

e Miavluiaduuansdae tstatistics way WA3aUE X+ uansdaszaumud R nNediAn 1%, 5% uaz 10% Aud1au
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JUN 34 anudunusszndtenadirluaaalanuazAriildainuuuinaes

3.3 NISANWINALANISAUNUSIAT (Price Discovery)  wasuseindlng

VIYAUIN LAZENIFRLNINN

[ ] 1

Weannlusanalanvesdn Usendalng Geaunuuazansy \uddweendiselng Jsdnluees

o

'
a

897192 ADINTIUTIAUFUNUTIZNINT1I0IS 3 Ussine Fepudilaludnuazvesanuduiusues
11917908 3 faseansielvgvetlansstiulivsvisanudululdlunisnszareanudedagld
wIBallauTmsaudsslunaintilan AaduaneIde3@eas1uuUIIAR RNeNABUNTAUNUTIA

. . 2 v v R 1% aa ax v
(Price Discovery) maagmaaﬂmfmﬂwmjm 3 518 lngldn1sneaeumaasugli 3 35n15Usznausie

1) mslduuudnaes Error Correction Model (ECM)
2)  AIAUINUINTNYRIBNTNAYDINITAINIUIIAIAIUNG W] Permanent-Transitory
Decomposition

3)  mvATzvnsdsiunsUdsullasralaeld Impulse Response Function

Ineseazdenrainaeilagldnsesdiemarsuglinuiasusenniiseazidennssialull

* lungufdunaindumlaadusiuazaaiandnning Price Discovery wia)nmshunusandu (nszuiunisusuinessa@ag

UFuiuanunsensdenndesiumUasuiUaswesdadenugurewann

55



331  n15Aszilagldiiuuanass Error Correction Model (ECM)

lnglddayaludiasgninuseuunsiay U a.a. 1998 (w.a. 2541) fadeusuinaule.a. 2012 (w.a.
2555) wiegelshd annsmegeudeyamedtnismiaasuslia wuinsiadastugisiaidana1idl
Snwauzliiagdl (Non-stationary w3oil unit root) Fssnfufiezdedlduuusiassuszan Error Correction
Model (ECM) LiloRnmuanuduiusvessiadnaisdnann mnmsussgndlduuudians Error
Correction Model (ECM) fudayammdnnvesis 3 Usena nudsiandnvests 3 Usswaddnuos

donanediuluszezynlagANuduiusIEnidUssmallidnwazasiolUl
3.3.1.1  AMUFUNUSTENI9s1AT2 netaz AT eauny

WUUI1a8Y Error Correction Model (ECM) lAnanIANUENNUSTE L1 TENINT It IneLas

Aeauneanuiegluguaunmssialuil

TH = 0.7957 + 1.1639**VN + ce 15

Il TH Ao natural logarithm ¥8351A19198 59 nKe08n Ne
VN f@ natural logarithm 845119198159 1n{de@antigauy

ce A9 predicted co-integrated equation

' 1
2 = =

TnednwuzAmuduNuSYaIaunIsaanandusasun 35 &

Y

ans AL dnwurAUdURNUSYD4

I v = 1

N5AFUlITe9T1ANTNIYRINS 2 UsemaAoudnen asvieufisnasn nseninegA1diansdisanain
Useindlne (TH) wagainideauid (VN) 7ddnvazaenndasazinqeuntuluiinnaseiiu eniiu
lugaring@in1ssimennmistan (World Food Price Crisis) Tuthasut 2008 Fedawalvisianseninagdsesn

Talamaauinluluienafennu
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T T T T T T T T
1998m1 2000m1 2002ml1 2004ml1 2006m1 2008ml1 2010ml1 2012ml
m

JUN 35 wadwsvansldaunis Co-integration Tun1swensalanuduiusszuitenandrasineuasisauy

3.3.1.2  anudunussEndnsadaniguazsnaidiaisauiy

WUU1889 Error Correction Model (ECM) lauanianuduiusssesen35eninesiadnansgias

Ineeeninegluglauniseialuil

AK = —0.2015 + 1.0183™VN + ce 16

Tl AK fo natural logarithm 48331019185 WaNE12191n 35015 ue
VN f8 natural logarithm 845119178159 1n{de@antigauy
ce A9 predicted co-integrated equation

HAIINNNTHTBLATIANUNAGOUMEANUTURUSHINGT wanslriuIndnuaznisiadaulmuss
5710191908991 2 Useebadauntuludaniadednulussesed Inewsingiaa1uednisNsaeasu
29nNNUIUTSU A.A. 2002 — 2004 AzUIUNINUNTEVRIsIANT I e iU enudlugel A.¢. 2008 wa

@ al L (Y .
Alwldudeundudnasnin (Mean-reversion) Tuszezend
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T T T T T T T T
1998m1 2000m1 2002m1 2004ml1 2006m1 2008m1 2010m1 2012ml
m

JUN 36 wadwsvan1sldaunis Cointegration Tuniswensalanudunussenitenadiasanigamsniuas

YUY

3.3.1.3  anudunussendtesandnlnewasiandanigasn

WUU1889 Error Correction Model (ECM) laaniauduiusssesen35eninesiadniansgias

Ineeeninegluglaunissialuil

TH = 1.5066 + 1.2253" AK + ce 17

Tl AK fo natural logarithm 48331A191@5Wan8129 1055015 ume
TH #9 natural logarithm 2845119198153 nKdweanine
ce e predicted co-integrated equation

MatlannnsihdeyasiaumaasualgauduiusanaInuItaneaensinfeulnivessiag
1a15ansy (AK) wazannUsemelne (TH) fdnwazaonnsasuazindeuntulufiamadeiiulussey
813 lnguingianaivenisiisiaedeusenaniuasuiunittunsdvessiadninedudeauilugi

U A.A. 2008 winfluwliugaundudnasnin (Mean-reversion) Tuszaze
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1998m1 2000m1 2002m1 2004m1 2006m1 2008ml1 2010m1 2012ml
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JUN 37 wadwsvasnsldaunis Cointegration Tuniswensalanudunussenitenadasineuazanigawsn

332 N1SAUANUIMTNYRIINTNAYRINITHINIUTIAIAIUNG Y]] Permanent-

Transitory Decomposition

Mnuaildnuuudians Eror Correction Model (ECM) dislu (1) - (3) Bslduansaidusiug
srpvemIEiNTAdTe 3 Yssna dhlugnmsfinsuieafudeamsnisdeinusemieisadn
deoonvessemelaiiaviwamniianlunszuiuuiumimiuesnn tnedelsmiuvudassildlunis
AunusA (Price Discovery) 9Mnn15ANwIwea Baillie wavane [23] FudunisAneinisdunusie
seninesmduanlunainalmin (Futures) wagdusialusaindseuviuf (Spot) wuseenalylu
msfnwil nuaressfinuuansidiuihdadiunmsfunumanintuluusemalnewazanssinnn,
Feauy sainsfinnsandnaiuinaniunainnism Common factor Tu Permanent Component a1y

mng Permanent-Transitory Decomposition 98¢ Gonzalo wag Granger [24] lagAviunli

Yt = Alft + ’Y\:[ 18

lned f, FeasAUsENaUYd linear combination ¥83yAveYa Y, (Permanent Component) Uag

muuali Y, inanissenisdswaniunsenuluds Yy(Transitory Component)

R

Yt = Alft + Azzt 19
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9In75U09 Gonzalo and Granger [24] lanwunl fi=oa Y, way  z, =P'Y, A, =

BB )™ Ay =a(Ba)™t

a .
1 ,= market 1,2
oy +ag; 20

Component Share; (CS;) =
weilunisuszanaen a, ; awnsavildnnAuumduUssansaldanuuuiians ECM Tudy

w30 TneNaaINnISAILIaA1 Common factor Seuansdsdndiuvesdndnaiiiinssuiunisususivessan
Frnanslumsnedi 12 Taglunsdlvesanuduiusseniteandidesnlvewasioauiunuingaidig
vadlnefisvinafisuriniuesas 70 lunszuiunsuiuivesmuesisaesUsemedsiidnva duly
Tuanafsrfiulasdiulng drulunsdivesninuduiusseniiegiaitnidiesnaniys wasiisauy

[ IS a ! g

PUINSIATIIVBIENSTFD ABNSNaNnuSeavay 78 1‘14m5‘d%’um@j TUYDITIANTIIVDINIADIUTE LN A

&9
[y

wonanil lunsdlvesanuduiusszninssadndsesnvesinelazansss wulviassuseinallsyau

Yp99nSnantnatAsatulunisdswanan1sUSURI199951A19 N0 NUBINIARIUSEINA

M13199 12 wan1sAnedadiuvainisiunusia (Price Discovery) luusiazgnannludiessnitanouansiau U
A.fA. 1998 (W.A. 2541) fafiausulauta.A. 2012 (W.A.2555)

ANNANNUSIENINIIA | ANALTUSIEWINTIAT | AnUdNTUSIENIegIAn
Tndwoninalazionuy | 11d0enansgIkay Indwanlnenazansye

a
LIUAUTU

Thailand Vietnam USA (AK) Vietnam Thailand USA (AK)

dndI1uvDg 0.70 0.30 0.78 0.22 0.48 0.52
ANSAUNY

3101

VB dnaIuTeInIsAUNUTIAIReNISis a, ; 3ndudiuresnsAunusialunain i fu

V9ERIMan (ary 1 + @, 5)

333 MsaAzEnsdeRiunisivasundassimlaelyd Impulse Response Function

wanansAnwlagltiuudngass ECM wagn1sATuiadndiugesn1sAunusIAl (Price Discovery)

way nuITelifeladnuidnuarvenalnnisdmasatseninetnly 3 Ysenegdsweenuantagnisly
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WUUY1a0e Vector Auto Regression (VAR) wagldn1smaaeou Impulse Response Function Y9y
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3.4.2
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HeanIusuINIg Optimal Hedging
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(Diversification)
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