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Abstract

This research presents the development of a model for the relationship between extreme values of
rainfall and rice yield in the lower northern provinces. Data on annual rice yield and total annual rainfall from
1990 to 2019 of six lower northern provinces which included Nakhonsawan, Phichit, Phitsanulok,
Kamphaengphet, Phetchabun and Sukhotha were used to develop a relationship model for the six lower
northern provinces. Three machine learning methods were used for the development of a model. The methods
comprised multiple regression analysis, random forest and support vector machine. In this research, the
performance of each model in each province was evaluated from the mean absolute error (MAE), the root
mean square error (RMSE), the mean square error (MSE) and R-squared value. The results showed that a model
created using the random forest method, with extreme rainfall values as independent variable, outperformed
the models built using the multiple regression analysis and support vector matching methods. This was
particularly true in the provinces of Nakhon Sawan, Phichit, Phitsanulok, and Kamphaeng Phet, where it
had both higher R-squared values and lower root mean squared error values. In addition, it was found
that using the extreme values of rainfall as an input variable for modeling, the model performance is better
than using total annual rainfall. The extreme values of rainfall can explain 64-79% of the variation in rice yield
in the lower northern provinces.
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Table 1 The z-index of precipitation and temperature extremes

Category Value Range Quantile Category Value Range Quantile
Extreme dry 7 < —1.65 less than 5% Moderate wet 052<Z7Z<1.04 70% - 85%
Severe dry —165<7Z<-104 5%-15% Severe wet 1.04<Z<165 85% - 95%
Moderate dry —-1.04<7Z<-0.52 15% - 30% Extreme wet Z > 1.65 greater than 95%
Normal —0.52<7Z<0.52 30% - 70%
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Figure 1 Research conceptual framework
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Table 2 The R-squared of models for the z-index of rainfall and the total annual rainfall
provinces
Model
Nakhonsawan Phichit Phitsanulok  Kampaengphet Phetchabun Sukhothai
1. MLE + zindex_prec 0.6394 0.0559 0.0611 0.0340 0.0177 0.0011
2. RF + zindex_prec 0.7852 0.6196 0.7260 0.6396 0.6110 0.7741
3. SVM + zindex_prec 0.5382 0.1551 0.3382 -0.0203 0.0450 0.3144
4. MLE + Precipitation 0.6675 0.1031 0.2498 0.0345 0.0006 0.0153
5. RF + Precipitation 0.8209 0.5947 0.6543 0.6280 0.7691 0.7313
6. SVM + Precipitation 0.6160 0.2405 0.2469 -0.0151 0.2166 0.0224

zindex_prec is z-index of rainfall and Precipitation is the total annual rainfall

Table 3 uansA101¥MAIERINUSUAUAITRIMUUT AR INEANEATAvRIUSINNHY (zindex_prec) wazU3una

Ulusus18y (Precipitation) \Huduusdasydmiugadoyaadauuuinassnageuwuuiiass (Training- Testing) 80-

20% WaN1TITENUI Wuuaesl 2 Belliudsdaseae Aranlinvesinaniei (zindex_prec) uazgnasialagisungy

Junvuaesiifidensidaefivsuiudiguaniudminidng, fvadan, munanysuazaleie lnedawiidu 0.60,

0.71, 0.62 Uaz 0.76 AUAIAU dmTuTminuATAITTALAZINYTYSAINUD WuuTaesi 5 FailduusBaszAs USunaimy

595180 (Precipitation) uazuuudaegnasslaeisUiduiduwuudaesifrensmdaesiuiuaudigsn tnadian

WINAU 0.80 kay 0.76 ANUAIAU

Table 3 The Adjusted R-squared of models for the z-index of rainfall and the total annual rainfall

provinces
Model
Nakhonsawan Phichit Phitsanulok Kampaengphet Phetchabun Sukhothai
1. MLE + zindex_prec 0.5943 -0.0031 0.0117 -0.0197 -0.0269 -0.0443
2. RF + zindex_prec 0.7584 0.5958 0.7116 0.6196 0.5934 0.7638
3. SVM + zindex_prec 0.4804 0.1023 0.3034 -0.0770 0.0016 0.2832
4. MLE + Precipitation 0.6260 0.0471 0.2103 -0.0191 -0.0448 -0.0276
5. RF + Precipitation 0.7985 0.5694 0.6361 0.6074 0.7586 0.7196
6. SVM + Precipitation 0.5680 0.1930 0.2073 -0.0715 0.1810 -0.0201

zindex_prec is z-index of rainfall and Precipitation is the total annual rainfall
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Table 4 Efficiency of models for the z-index of rainfall and the total annual rainfall
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Efficiency of models

Efficiency of models

Provinces Models > Provinces Models >

MAE MSE (x10°) RMSE MAE MSE (x10°) RMSE
1 164.07 377.49 194.29 1 162.99 290.80 170.53
2 160.18 341.69 184.85 2 160.33 314.02 177.21
3 165.69 377.19 194.21 3 124.72 180.69 134.42

Nakhonsawan Kampaengphet
4 194.59 463.55 215.30 4 163.24 291.78 170.82
5 209.86 504.87 224.07 5 162.23 324.02 180.01
6 190.26 447.17 211.46 6 125.64 183.00 135.28
1 58.14 76.51 87.47 1 41.90 22.85 47.80
2 100.07 105.16 102.55 2 114.21 169.74 130.28
3 94.69 146.13 120.88 3 44.14 22.38 47.31
Phichit Phetchabun
4 72.24 123.73 111.24 4 43.93 26.49 51.35
5 171.21 43577 208.75 5 45.47 3357 57.94
6 102.19 207.37 144.01 6 30.71 14.92 38.62
1 120.86 158.31 125.82 1 96.34 140.10 118.36
2 101.13 156.27 125.01 2 151.73 370.53 192.49
3 101.19 124.14 111.42 3 97.23 104.60 102.27
Phitsanulok Sukhothai

4 136.84 214.40 146.43 4 103.48 145.20 120.50
5 136.63 223.57 149.52 5 134.55 242.37 152.59
6 133.47 200.63 141.64 6 98.29 141.11 118.20

zindex_prec is z-index of rainfall and Precipitation is the total annual rainfall

ﬁ’m%’mﬁﬂﬁsﬁw%mwmmLL‘U‘Uﬁi"laadimaﬁﬁmwmnﬂ'wmwmamm?{auﬁ’ugiaﬁa?{a (MAE), A151A89AN
Aa1ARAoufdtanade (RMSE) warA1nuaa1amadoufdiaotads (MSE) suadLLUUﬁi’ﬂaaqﬁﬁﬂ'wqm;ﬁmaaU'%mm
vrlu (zindex_prec) wazUSnanirusused (Precipitation) 1Jusudsdaszdwiugadeyaasrsuuuinaes-ageu
WUUSa04 (Training- Testing) 80-20% A1ua1AyU fauanslilu Table 4 nan15358nudn wuus1ansdi 2 vesdanda
uAsANIIATATiuUTSasefe mqm%maw%mwfmu (zindex_prec) wazgnairalagisurguiduuvudiansiiiien
UsgAMBnmuesuuUsaecie 3 ﬁh(ﬁwqfﬂ TnefiAvindu 160.18 du/ls, 341.69 x 10° du/ls uay 184.85 fiu/ls mudau
dmsudminfidnsnuin uuusnassd 1 Fefidaudsdaseie mqm%maqﬂ%mmﬁ;ﬁﬂu (zindex_prec) wazgnasnalag
Fmsergimananssnnaiduiuuaesiiiiuszavsamesuusansi 3 dAhgs Taefidwintu 58.14 fu/ls,
76.51 x 10° diw/ls way 87.47 siw/ls aud1du dmsudwmdanivalannuin wuusaesd 3 fedifulsdastie AARTA
vosUSuauiely (zindex_prec) uazgnalagisdunesannmesiuniuduuuudassiifidusansnmvesuuudias
W 2 ﬁh@‘i’wqm TngfiAvindu 124.14 x 10° du/ls wag 111.42 du/ls auaeu dvmsudminmunanysnuin Luudiaes
7l 3 Faflduusdaseie ﬁwqm%mmﬁmmﬁmu (zindex_prec) waggnasislaedsdunasannnesuunduluwuuiiass
AfiAUsyansamuesuuusiasna 3 Aviran tnedavindu 124.72 du/ls, 180.69 x 10° §u/ls waz 134.42 du/ls
MNA1IU dmsudaniaunesysainudn wuUsaei 6 Felfulsdassie Usinanhdusansed (Precipitation) wazgn
a¥dagittunesannnosumiuduuuusassidmuss s amuesuusiasia 3 ﬂ'm"wqm TnadAindu 30.71 A/

o v @ o

15, 14.92 x 10° du/ls wag 38.62 fiuw/ls muadu wazdwiudminglovionudn wuuiiaed 3 Faliduusdasefe Al

a o s

gndnvesUSuraniinlu (zindex_prec) wazgnasisinedddunasaanmesuunduiluwuudiaesidAuszdniamues
WUUTIEe 2 Anan tnelpwindu 104.60 x 10° dw/ls, way 102.27 du/ls auddu
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MAE, RMSE, MSE and R-square of the z-index of rainfall

and the total annual rainfall of Nakhonsawan province
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Figure 2 Efficiency of models for Nakhonsawan province
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Figure 3 Efficiency of models for Phichit province
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Figure 4 LLamﬂ'wmwmammﬁaué’uqizﬁmﬁm (MAE), @151nU89A1AANALAEA UNTaIdad e (RMSE), AN
ANUARIALAG BUMAGI@BURRY (MSE) WazA1813Masaesdmiunuuiaee 6 wuudiassvasdminfivalan wuid
° PP o W ' & ° a ° a o I A a | a a
WUV LB ANS9@81INN11 0.50 AB WUV 2 WazkUUT1a09N 5 wiag1alsimuilonansana1useansnin
N4 3 A19IUA18 FaAUsEANS A mAITdaganudn wuudiaesi 2 Falldiudsdaseae FraadnveauIuiauiny
(zindex_prec) uazgnaiislaeddungu lnesianvindu 101.13 du/ls, 125.01 du/ls, 156.27 x 10° dw/ls uay 0.73

AUAIAUY

MAE, RMSE, MSE and R-square of the z-index of rainfall

and the total annual rainfall of Phitsanulok province
0.726

11111

MLE + SVR + MLE + RF + SVR +

o

v
o

Efficiency (Ton/Rai)

zindex_prec zindex_prec zindex_prec Precipitation Precipitation Precipitation

(I MAE 5= RMSE MSE R-square

Figure 4 Efficiency of models for Phitsanulok province
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Figure 5 Efficiency of models for Kampaengphet province
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Figure 6 Efficiency of models for Phetchabun province
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Figure 7 Efficiency of models for Sukhothai province
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Table 5 The summary of the best method for the relationship between the extreme values of rainfall and the

rice yields in the lower northern provinces

R-squared Efficiency (Ton/Rai) for zp Efficiency (Ton/Rai) for pr
Provinces Method

zp pr MAE RMSE  MSE (x10®  MAE  RMSE  MSE (x10%)
Nakhonsawan RF 0.79 0.82 160.18 184.85 341.69 209.86 224.07 504.87
Phichit RF 0.62 0.60 100.07 102.55 105.16 171.21 208.75 435,77
Phitsanulok RF 0.73 0.65 101.13 125.01 156.27 136.63 149.52 223.57
Kampaengphet RF 0.64 0.63 160.33 177.21 314.02 162.23 180.01 324.02
Phetchabun RF 0.61 0.77 114.21 169.74 130.28 45.47 57.94 33.57
Sukhothai RF 0.77 0.73 151.73 370.53 192.49 134.55 152.59 242.37

zp is the model that zindex_prec is independent variable, pr is the model that precipitation is independent variable
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