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Abstract

The ability to predict the future crop yield facilitates the responsible authorities
to make the most appropriate decisions in order to ensure food security in the present
and the future. As a result, studying the relationship between climate extremes and
agricultural productivity is essential. Therefore, this research was to study the relationship
between the extreme values of rainfall and temperature and the yield of safe rice in
Phitsanulok province using three machine learning methods. Three machine leaming
methods consisted of multiple linear regression, random forest and support vector
machine. The results showed that the extreme values of rainfall correlate with safe rice
yields in Phitsanulok province. The extreme values of rainfall could explain 86% of the
variation in the yield of safe rice in Phitsanulok province. The random forest method was
an effective and reliable method for this modeling. In addition, it was found that the
extreme values of average temperature were related to the yield of safe rice in
Phitsanulok province. The extreme values of average temperature could explain the
variation in safety rice yield in Phitsanulok province by 98%. The support vector machine
method was effective and reliable for modeling the yield of safe rice in Phitsanulok

province.

Keywords: Climate extremes, Machine learning, Safe rice production, Small data
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puvnlisnoifou AnedsuardiudsavuuinsgiuvesnaiuvesTuiusefounie
naruvesgauginedeuluuiaziieuluranaivesnisugniludasiud uazauin
9819 1l i = 1,-,n AU

2.1.2) WoAnnaadvdgnnieniodouds (Z-index) iSouTosudinmzgiduayls
m"121m%maaﬂ%mmﬁ‘lmuﬁaﬁwqW?Jmaqqmmﬁimaﬁmimmﬂm Z-index fauandlumsnei 1
(Table 1)

Table 1 The z-index of precipitation and temperature extremes

Category Value Range Quantile
Extreme dry Z < —-1.65 Less than 5%
Severe dry —-1.65<7Z<-1.04 5% - 15%
Moderate dry -1.04 <7 < -0.52 15% - 30%
Normal —-0.52<Z7<0.52 30% - 70%
Moderate wet 0.52<72<1.04 70% - 85%
Severe wet 1.04 <7 <165 85% - 95%
Extreme wet Z > 1.65 Greater than 95%

2.1.3) dmsurtantnvesUSnaiunIor1antnvesgaungilunuidei ey

AUINANNATINYBIAN Z-index Ninnaglunnngueniiunguuns
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fauslarisiineandoalandodsl

121 myienginsanneenyan (MLR) N153lAT1Ein1sannasllanyan
\Dumsfnuanuduiussenindudsdase varefatuiuusau 1 i1 Wefnwidndfus
daszialateismiuihunevienensal wieedurenmsiundsvesiudsnle Taoidou
Adiiusluguuuuvesaunsi (4)

Y, =Bo +ﬁ1X1+"'+ﬁpo+e €))
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Tnowamunglunisiinuuusiassie nismdeddunisdndulad y; ldiiuei e dmsunn 9

x; Sauansluaunisi (6)
[ <
ele={0, = e (6)

|el — e otherwise

1.2.3 3Undu (Random Forest: RF) dwfumsinsevinisanase unils
Tusanesfiufiugiuresnsifoudvennies uazfoldinduniosdonsadafidussaniam
dmsunisviunednituils Feisunduannsoldléiilununssuuntssonuasnisin e
msanney FuAnannsvhnusmiuresisnsiuunussamuuuiiavuasisnssinnduns
(Regression Trees : CART) 3%1%5!34L“flu?%'ﬂﬁﬁslﬁﬁ'ﬂ’]immmifﬁmﬂﬂﬁiauﬂ’limmmifﬁﬂ'm
suliinnssnaulavane 4 wuulagldmaianissusan Bootstrap n3eiii3endn Bagging 1wy
nMavunetugeTneresisiiauilasnsmanadsanduliudasduisdiduisdmmnzantu
ToyadeTmnamazmnzdmiuwuuirassili@udadu dmsvamafinesdmiuisinay
vy Swaudulsl anudngeanvesiulsl S1uaugsaslunsuiinguusiazadiuagsuuiegnei
tosfianlunsutsnguusiazadiazgnimuslnensdumuuunia dddunmideiidonliisudu
dAMSUn153ATIERnTanno8R WL AL 9% 837 random Forest Tulusunsuens (R Program)
no$tu 4.3.1 eedmuasmnsdweslivinduaiEusiu

3. NIDULUIAANTTIY

@

27 1 (Figure 1) L@AIT188LDIANTBULLIAANITIATIEAENTUNUITT

Input variables: Climate extremes

- The extreme value of temperatures ' Macfune lediing gleonthms : Medels of safe rice yield

- The extreme valueof rinfall ~ affected by climate extremes

in Phitsanulok Province

Sutput variables: Safe rice yield

o

. Models of safe rice yield affected by

climate extremesin Phitsanulck Province

ra

. A tool for modeling safe rice yields

affected by climate extremes

Figure 1 Research conceptual framework
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4. duusnldluniside
fudniud Fhudsdase) dmiunsidel fe A wusunet gumgiliage
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5. M3Aseideya
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Tavesgungitunandndnvasassludminfivalan Ineldlusunsy R efdu 4.1.3 Fadl
FuneunT AT

5.1 nuusdaya (split data) dwsunisudsdeyaeendu 2 di druusnlddmsu
a¥19aun13 (train data) wavdndigedddmiunaaeuauns (test data) dmsunisAnuriiuda
Toyadmivasisuwuudiass (train data) Anlu 50%, 60%, 70%, 80% waz 90% vesloya
971310 (MUYUIAYRIYATBYA) AUAAU Uazd By anadeud M unNARRULUUIADN (test data)
Andu 50%, 40%, 30%, 20% wag 10% maﬁa;&aﬂy’wm (m’lmu’lmﬁumﬂgwﬁaaﬂa) AUAIIU

52 msausuuieesdmivnuideildBmadouivennies 3 38 Usenoudae
MATIEINSIRnENTAM (MLR), Sunesniannesuundu (SVR) wagds Undu (RF)

53 A19R92980UUTEANS N Nve Il UUIIaslaeds Train/Test split nuay
AnnAsINUeIAIRaALAE audsaeaads (Root Mean Square Error : RMSE), A1ensidaaes
(R-squared) wazenshdsaesiiusuAuda (Adjusted R-squared) dislddmsuinnsanuszavdam

YBILUUTIABINAINKUUIIABING 3 3D

NAN1538
mﬂmi’“amswﬁmmé’uﬂ’uﬁ‘iwdwmqm%maqﬂ%mwfmuuaxqmwgﬁﬁ’umamam
1nvaeadelumiaiivalanlaein1sanneeidudunvan (MLR) Unau (RF) wazdunesn
nnwosuamay (SVR) ldkamstiasest feil
wuudnaasuduiusverandntlaendeludwminivalaniuagainve susunm
ez UTnuhilusnsed
Arensidaans (R-squared), 913idaansiiuiuAuda (Adjusted R-squared) UVBIYA
Poyadmivasuwuuhasrnuduiusvemwandndlaendieludminfiivalaniueantnves

UsunanelunazusunaneusinsieUuandtdlunisnei 2 (Table 2)
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Table 2 Performance of models for the z-index of rainfall and the total annual rainfall

Model R-squared Adjusted R-squared ~ RMSE (Ton/Rai)
MLE + zindex_prec 0.52 0.28 4,734.43
RF + zindex_prec 0.86 0.80 1,507.63
SVR + zindex_prec 0.60 0.20 4,851.88
MLE + Precipitation 0.97 0.94 4,050.08
RF + Precipitation 0.84 0.76 2,103.56
SVR + Precipitation 0.98 0.96 2,581.25

31NM15197 2 (Table 2) dmsuwuuinassddulsdassre AannveauTunaisuy
(zindex_prec) wu1135Uquiduiznasiilia1o135idsans wazensidsansfi usuauan
(Adjusted R-squared) gefianlaafia1iviniu 0.86 uag 0.80 auawu wazduduisnliaisn

'
aa v

ﬂuaqmmm@Lﬂ?ﬁlauﬁﬂﬁﬂaaqLa?{aﬁaaﬁqm‘lmﬁmlﬁhﬁu 1,507.63 s/ls dwmsunuusnasaniiag
wlsdaseie Usunanirlusiusied (Precipitation) wuiiisdunesmanmesuunduduisnisd
Trirnensidaaes wavensidsaesiusududn (Adjusted Rsquared) gsfianlaediatyiniu 0.98
uag 0.96 MuEFU winuisUguiuisiliasnveseaanndouidiaeuadstiosiian
Tagdanvinniu 2,103.56 du/ls

wuuTaesAuFuRusvawmandnt1laondeludminivalaniuagalinues
gumgilladeuaronmgiiiade

AD13MANED9 (R-squared), 915 sanaiusuAIuan (Adjusted R-squared) ¥4y
Poyadmivasuwuuhasrnuduiusvewandndlaensdieludminfiivalaniuaantnves

gaunniadsuavonmvniindeuanslilunsned 3 (Table 3)

Table 3 Performance of models for the z-index of average temperature and the

average temperature

Model R-squared Adjusted R-squared ~ RMSE (Ton/Rai)
MLE + zindex_atemp 0.97 0.94 5,972.49
RF + zindex_atemp 0.84 0.76 5,221.78
SVR + zindex_atemp 0.98 0.95 3,559.73
MLE + atemp 0.66 0.50 7,474.32
RF + atemp 0.85 0.70 4,395.45
SVR + atemp 0.79 0.69 5,305.96
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]

910919747 3 (Table 3) dmSunvudrassfifidhuusdassie Agadnvesgamniiode
(zindex_atemp) wuinisdunesmnnefuunduduidnisflimenstdsaes (R-squared) uag
o15idsaesiiusuAudn (Adjusted R-squared) gefigalasiiAmindyu 0.98 uaz 0.95 sudndy
LLazET@Lﬁui%‘ﬁiﬁmimﬂuaamﬂamtﬂﬁauﬁﬁﬂamLa?{aﬁaaﬁqﬂimﬁmwhﬁu 3,559.73 fu/ls
dwdunuuinassiififuusdaseio gumgiiids (atemp) wuinisunduluisnsilieiens
N saea (R-squared) waze1smdsaesfiusuaIuda (Adjusted R-squared) qﬂﬂ'qﬂimaﬁm
WU 0.85 waz 0.70 suddu wazduduidildasnvesinaimedourdiaeaisioy
faplaodauviiy 4,395.45 du/ls

wuuTaesAuFuRusvawmandnt1laondeludminivalaniuagainues
QquﬁﬁwqﬂLaéaLLazqmmﬁﬁwqmLaf-i'a

Ae1§idsans (R-squared), 91§fdsapsiiuiuAId (Adjusted R-squared) ot
JoyadnivaswuuasrnuduiusvemanantiaendsludminfivalaniuAantnves

gaunniadsuavanmvniindeuanslilunsnd 4 (Table 4)

Table 4 Performance of models for the z-index of average minimum temperature and

the average minimum temperature

Model R-squared Adjusted R-squared RMSE (Ton/Rai)
MLE + zindex_mintemp 0.22 -0.04 7,247.53
RF + zindex_mintemp 0.43 0.14 2,011.45
SVR + zindex_mintemp 0.56 0.34 807.78
MLE + mintemp 0.65 0.30 6,324.10
RF + mintemp 0.68 0.51 3,901.13
SVR + mintemp 0.77 0.53 4,513.94

1NATN9 4 (Table 4) dwsunuuinaesiliulsdase fe Aanlnvesgunginian

q
<

1aa 8 (zindex_mintemp) WUIMISTUNBIAINRES LLMTUTWITNINTA1D15E 809 (Rsquared)
WAZOISNAIEDINUTUAILAD (Adjusted R-squared) gsidnlaadiavindu 0.56 wag 0.34

U 9

muddu uazdaduisilissnvesramaedeurndsaoandetosiigalnedaviniiy 807.78
fu/ls dmsunvuiiassiifidudsdaseio gungiidigalads (mintemp) nuiniddunesn
nnneduundwduisnisiliiniesmdsass (Rsquared) warensidsaeaf Usuauda
(Adjusted R-squared) gefigmlagdansiiu 0.77 uag 0.53 mudfu uinuiTIsUguduisy

TiFsnvasrraamdeumddesaiietdosiigalaedanriniu 3,901.13 fu/ls
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|
wuudnaesmuduiusvemandnivaendeluiminfivalaniuagniavesaamal
gegnRfsuazaun)iasaniaie
AD13AA9EBY (R-squared), 815MasaIiusuAILaT (Adjusted R-squared) UVBIYA
Poyadmivasuwuuhasrnuduiusvewandnduaendieludminfiivalaniueantnves

gaunniadsuavanmniindeuanslilunsned 5 (Table 5)

Table 5 Performance of models for the z-index of average maximum temperature and

the average maximum temperature

Model R-squared Adjusted R-squared RMSE (Ton/Rai)
MLE + zindex_maxtemp 0.54 0.09 7,226.01
RF + zindex_maxtemp 0.76 -Inf 5,351.82
SVR + zindex_maxtemp 0.72 0.45 5,484.67
MLE + maxtemp 1.00 -Inf 6,018.92
RF + maxtemp 0.53 0.05 4,557.65
SVR + maxtemp 0.98 -Inf 5,597.07

Remark The adjusted R-squared value is —Inf because the sample size for the modeling data set is 2
(small sample size), so the divisor for calculating the adjusted R-squared value is zero. The

adjusted R-squared value is therefore not divisible.

915197 5 (Table 5) dmfuuuudiaesdidfudsdaszie Argnlavesgamniqaan
18dE (zindex_maxtemp) 11ui3sUNduiduIsnsiilsiaensidsans (Rsquared) gaigalaeian
Wiy 076 wazdaduisiliarsnvesainainind euidsassad oasii galaedauvinfy
5,351.82 /13 dmsuuvudaesififuusdassAe gamgligegaads (maxtemp) wuinis
Fumesnnnnesismiudiismsilrieensidsaes (R-squared) gsfigalasiaminiu 0.98 usinuin
FihduiduBsiliesnvesraaandeuidasuadetosiigalasiiaindu 4,557.65 du/ls
aiuseHa

MnMsinsaIBmsSeudvenndes 3 35 Usznouse msliasigvinsannssnyan
(MLR), Fumasavinmesuundu (SVR) waeds Undu (RF) 1P RTNINAITINVDIAIAIALAR DL
fndsaeadpuarAe1§iasans (Rsquared) lunanfisafu dmsuuuudassdigndaves
Uhinadlusazgamgiifunandndnuaendelutminivalaniae linaaguduandunimd

2-5 (Figure 2-5)
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Rootmean sguare erroe (RMSE) and R-square for the z-index of rainfall
and the total annual rainfall
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Figure 2 RMSE and R-square for the z-index of rainfall and the total annual rainfall
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Root mean square erroe (RMSE) and R-square for the z-Index of average

temperature and the average temperature
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Figure 3 RMSE and R-square for the z-index of average temperature and

the average temperature
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Rootmean square erroe (RMSE) and R-square for the z-index of average minimum

temperature and the average minimum temperature
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Figure 4 RMSE and R-square for the z-index of average minimum temperature and

the average minimum temperature

Rootmean square erroe (RMSE} and R-square for the z-index of average maximum

temperature and the average maximum temperature
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Figure 5 RMSE and R-square for the z-index of average maximum temperature and

the average maximum temperature
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Table 6 The summary of the best method for the relationship between the extreme

values of rainfall and temperature and the yield of safe rice in Phitsanulok

province
Method R-squared RMSE
The rainfall extreme Random Forest 0.86 1,507.63
The temperature extreme Support vector 0.98 3,559.73
Regression
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