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Abstract

The purpose of this research is to find the extreme value modeling of maximum temperature in the
upper northeastern of Thailand from 9 meteorological stations using the generalized extreme value distribution.
The parameter estimations are obtained from maximum likelihood estimation method under 6 different stationary
and non- stationary process settings. The model selections are obtained by 3 criterions: Akaike’s information
criterion (AIC), Bayesian information criterion (BIC) and likelihood ratio test (LRT). The return levels of annual
maximum temperature are calculated. Moreover, profile likelihood method is applied to calculate the confidence
interval of return levels. The results of this study indicate that the 5 meteorological stations were appropriated
for stationary and the 4 meteorological stations were appropriated for non-stationary when the scale parameter
changed with the fitted trend. When the return levels are considered, Udon Thani meteorological station had a

higher return level than other stations for each return period. Hence, this station should be more emphasized.

Keywords : generalized extreme value distribution, maximum likelihood estimation, return level,

profile likelihood method
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A5 4 AT IEAUNNTNATILAT TN ANHNITAN 95% 1BITLALNITNAT ATWUARAINIBLTNTTAATA

a

1e9a0 e AleNAIne1uaIAe

Q9

saullni9inndn T=5 T=10 T=15 T=20 T=50 T=100
sEAUNSLARD 41.91 42.45 42.72 42.90 43.38 43.68
(Cl 95%) (41.44,42.48)  (41.96,43.41) (42.22,44.00)  (42.37,44.45)  (42.74,45.99)  (42.94, 47.29)

Profile likelihood of 5 return level of Nongkhai

Profile Log-likelihood
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A1999 5 Adszinaunadined Avdennaziiaziiu A1 AIC uavAn BIC 1esiieyagnungigaganialsinig

a

wanuasAgadannaiesialiaasanntignlusdngveuuniu

siluuvaIRInes Alszanwisiines In [ AIC BIC
UL 1 4, 0wz £ Hupnaed i =40.2393 452273 96.4545  101.0336
¢ =0.9603
£ =-0.3690
JUMLL 2: 4 (1) = g, + Bt UAT o, & j, =40.6234 -44.6350  97.2699  103.3753
Hurnadi 5, =-0.0253
¢ =0.8641
& =-02117
gUuuy 3 u, & Thupne uaz 4 =40.3714 -43.3000  94.8889  100.9943
o(t)y=a, +ajt a, =0.6489
@, =0.0171
& =-0.4458
it 4 p, £ (fupnaad uaz 4 =40.3708 -43.4475  94.8950  101.0004
o (t)=exp(a, +a,t) a, =-0.3804
¢, =0.0178
& =-0.4483
g“LILL‘Ll‘]_J 5: B, =40.4714 -42.7237 95.4474 103.0792
u(t)y=pg,+ Btio(t)=a, +at WAL & 4, =-0.0124
Hurnad @, =0.6146
@, =0.0199
& =-0.4329
g“LILL‘Ll‘]_J 6: B, =40.6993 -42.2954 94.5908 102.2226
u(t)= B, + Bt o (t)=exp(a,+at) B, =-0.0239
war & uAnasd @, =-0.5547
d, =0.0253
& =-0.4070

ANA9797 5 afansun Al AIC nudtuuuataesnalfigluuuresniaiimeizduuy 6 Wuguuud

winnzaniuieyagnmnigege wesanliidn AIC A1ga uazilafansounal BIC wusuinanassnia izl
gaanimedztuuy 3 ugluuuimuizaniuieyagungiigean asanliien BIC Anfiga Asiansiaen

' ]
a @ o O o
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£15199 6 nMaaenuuuataesnelsiglunnaesnnaimelaslinimeaasudnadaunivinaziiuaesanii

B UeNINE TR

WEsmdsusluuy A1 LRT ANINGA p-value siuuuvignidan
11U 3 3.8545 3.8415 0.0496 3
3fu6 2.0092 3.8415 0.3662 3
Probability Plot Quantile Plot

Model
Empirical

Empirical Model

a

279 3 Probability Plot waz Quantile Plot 78van"tignienine gauuwniy
= = = o o o oA P a
ANA979% 6 WaifFeuiauuuuanaesnie igluuy 1 Augduuy 3 wudafien LRT wanndiAnangm
(LRT = 3.8545 > 3.8415) Aeniuuuuataasnelfigluuy 3 Ralaansmunzanninndngduuy 1 waziile
= o 1 o N P v 1 a
wWeaniisuuuuanasanialigluuy 3 dugtuuy 6 wudadAn LRT fleandnendngm (LRT = 2.0092 < 3.8415)
o :// o v =KX 1 v o
Aatiunuuanaesnietizluuy 3 AsiAmmNIzaNNINnggluuy 6 annan1adauatnsaaglladn
wuudnaeenelfigluuy 3 Wuwuudnsesimanzanigadivdeyagung)ligeanuesani g iasangveuuny
WaldiinisnsaaaauAnumnnzantasnisuaniasingld Probability Plot waz Quantile Plot AN 3
Wu919mluns v Probability Plot wa Quantile Plot anatjlunuiidunss Aeiudeyaguuniigeqgaaesanii
e HeNANeTeuLiL HAnumInzaniuNswanuasAgatinaeiiaviall AsinnnsuAlssanniszAunafingn
lusaun19ifingi 510 1520 50 way 100 U finanunaziilud 0.2 0.1 0.067 0.050.02 uaz 0.01 AININT 4
wananBealdutasnanimedis 95% 18952 AUNINAT LAAIAIANTI9T 7 WU Antdszanuszaunisfiadgn T
99UN3AAT1 5 10 15 20 50 waz 100 U aviinguu)igagaT 41.81 42.36 42.69 42.96 44.22 Uaz 46.11 836

AR ANNAIFU Aot UnNazilui 0.2 0.1 0.067 0.05 0.02 WAL 0.01 ANANFL
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AN 7 ANLTTHIIEAUNITAATY WATTNANNITERNY 95% ALBNANNIALTINFINAT AT A NUNazTluRi

a

aziiawanInl 2esani g lasanenaeuui

5ol ANEAzitly (p)

ﬂ’]‘itﬁﬂ‘ﬁil 0.2 0.1 0.067 0.05 0.02 0.01
41.81 42.24 42.42 42.54 42.80 42.94

=0 (41.15, 42.47) (41.40, 43.07) (41.49, 43.36) (41.54, 43.54) (41.60, 44.00) (41.61, 44.27)
41.90 42.36 42.56 42.68 42.96 43.11

T (41.15, 42.66) (41.39, 43.33) (41.47, 43.65) (41.51, 43.84) (41.57, 44.35) (41.57, 44.64)
42.00 42.48 42.69 42.82 43.12 43.27

= (41.14, 42.85) (41.37, 43.59) (41.45,43.94) (41.48,44.15) (41.54,44.70) (41.53, 45.01)
42.09 42.60 42.82 42.96 43.28 43.44

T=20 (41.13, 43.05) (41.35, 43.85) (41.42,44.23) (41.46,44.46) (41.50, 45.05) (41.49, 45.39)
42.65 43.33 43.62 43.80 44,22 44.44

T=%0 (41.06, 44.24) (41.22, 45.44) (41.27, 45.98) (41.28, 46.31) (41.28, 47.17) (41.24, 47.64)
43.58 44 .54 44,96 45.20 45.80 46.11

1100 (40.92, 46.25) (41.00, 48.08) (41.00, 48.91) (40.99, 49.42) (40.90, 50.70) (40.80, 51.41)

3. NANIIARABNLLLIANABN TN IZAL

ann1sglunuaesniime fmuizanaesdeyaguunigeqaanialfinisuanuasAngalingneile

Wialduearis 9 anndl Inenousf AIC BIC uaz LRT 419611 annnsnagdgluuuaeswisniimainmanzas Anilsyanng

W1PINHBS ANAINARIAARELNINTTIU UATTIANTDITU 95% esptlsznnimisines vesdeyagmngi

° =~ o A o A o LA e A
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ANA197199 8 uaTA1919R o LefansataeANITeNY 95% esAlszanamnilinediiglin (£)

a a

PBIUAATADIRNLIN NITUAnLAsiNIzaniuan faaloninandund antgaileningiaeuunu annil

a A

e Heane1gAssll anntanfianineumansau Larantgntianingnanauns Aa nisuanuadloya 1eean

=

193A2E0N 95% Fesrntszanumsiinefiiegiing (€) HA1agu 0 waznisuanuasivanzaniuanil

AANNINYMUBIAE ANNHERRENINNAY AD1HYATENINEINIRELS Lazan HeaRNoNINY1BATHLN AD N9

uAnUAArisIE WeeandaannuiEiesiy 95% sesnszanumnsilinediigiling (€) defieandn 0

A15199 8 JUuLLIRINITmeiNmNzaN ATdszinNITine ] ANAINAAIALARBUNIATIIN UAZTIAIN

e 95% AunAINannl nelAngzULNNTANT

- siluvuaag Adszanaunisiinas
annu Y e -
- - WISAHLADEN i (s.e.) o (s.e.) £ (s.e)
ARULNINE
LANZAN (Cl 95%) (Cl 95%) (Cl 95%)
40.5225 (0.2172) 1.0821 (0.1625) -0.2159 (0.1689)
1. AUBIANE gLy 1
(40.0967, 40.9483) (0.7636, 1.4006) (-0.5470, 0.1151)
40.1293 (0.2334) 1.1754 (0.1740) -0.2605 (0.1611)
2. 188 guuuy 1
(39.6718, 40.5868) (0.8344, 1.5165) (-0.5763, 0.0553)
- 39.8601 (0.1898) 0.9999 (0.1336) -0.2547 (0.1121)
3. dani guuuy 1
(39.4882, 40.2320) (0.7380, 1.2618) (-0.4743, -0.0350)
- . 39.4789 (0.4171) 1.4119 (0.3521) -0.3367 (0.3435)
4. MAEUg gLy 1
(38.6614, 40.2965) (0.7217,2.1021) (-1.0100, 0.3365)
39.0678 (0.2282) 1.1315 (0.1728) -0.2181 (0.1731)
5. WATIUN gLy 1

(38.6205, 39.5152) (0.7928, 1.4701) (-0.5573, 0.1211)
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A15197 9 JUuLLTRINITmeiIMINzaN ATUsEHNUNIHne] ANANARTIALAREUNIATIIN UAZTIAIN

a1 95% auunmA1xNannil e lingzuunng luaei

- sUuuuuag Atlsznuwianiinad
/DU L, -
a - WITIHLADT 4 (s.e.) é, (s.e) d, (s.e.) £ (s.e.)
andandnen
MUNIZEN (Cl 95%) (Cl 95%) (Cl 95%) (Cl 95%)
. 40.3714 (0.1784) 0.6489 (0.2048)  0.0171 (0.0097) -0.4458 (0.1437)
1. 2DULAY gduuy 3
(40.0217,40.7212)  (0.2475,1.0502)  (-0.0020, 0.061)  (-0.7275,-0.1641)
- 40.8674 (0.1666) 0.3894 (0.1576)  0.0428 (0.0127) -0.4596 (0.1468)
2. §AIaNl guuu 3
(40.2142, 40.8674)  (0.0805, 0.6983)  (0.0179, 0.0676)  (-0.7474,-0.1718)
40.5727 (0.1657) 0.4950 (0.1759)  0.0268 (0.0122) -0.5601 (0.1612)
3. NU1@13AN gduuy 3
(40.2479, 40.8976)  (0.1502, 0.8399)  (0.0029, 0.0508)  (-0.8760, -0.2443)
39.8257 (0.2156) 0.7958 (0.2158)  0.0208 (0.0056) -0.7336 (0.2054)
4. gnauAs giluuy 3

(39.4031, 40.2484)

(0.3729, 1.2188)

(0.0098, 0.0318)

(-1.1362, -0.3310)

4. AANITUATIZATZAUNITIAAT (Return Level)
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