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Comparison of MLR and SVR Based Linear and Nonlinear Regressions

- =5 Oﬂf
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Abstract - Wind speed is heavily fluctuated and quite local than other weather elements. It is difficult to improve the

accuracy of prediction only in a numerical prediction model. An MOS (Model Output Statistics)

technique is used to correct

the systematic errors of the model using a statistical data analysis. The Most of previous MOS has used a linear regression
model for weather prediction, but it is hard to manage an irregular nature of prediction of wind speed. In order to solve the

problem, a nonlinear

wind speed prediction. Experiments are performed for KLAPS (Korea Local Analysis and Prediction System)

regression method using SVR (Support Vector Regression) is introduced for a development of MOS for

re-analysis data

from 2007 to 2013 year for Jeju Island and Busan area in South Korea. The MLR and SVR based linear and nonlinear

methods are compared to each other for
for the variation in the number of UM elements.
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prediction accuracy of wind speed. Also, the comparison experiments are executed
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£ Ao|7h Urh

Mg, Bih RFAYo thsiAl 2007E~2013E9] UMt
KLAPS HOJEIE AR SVRY Agut HIAE AYE4:E Al
g3l 8% o=9 Hd Adglg +#3skil, MLR 78] A
MOS ®Al3} H WS},

2. MOS(Model Output Statistics)@} UM QIA}

MOS(Model Output Statistics)[9]E FXIOIHEES] QXE
F0l= JEV|EREA, SA0ERE AZQIE Ayg gut
ozl 714 QXIEY B WHE Alolo] BAF TAE EF
Sith 5, Al (DI} Zo] 71& HEo] 9¢t dEglo]l RAge &
sto] FE dEgke Tohe WAloT

SIAl 71l ©Y] B4 oHE gRoA JdE S§tRd
UM(Unified ModeDoll2 HEEO| oSztol]l A3 FEA
MOS(Model of Statistics)oll QJgt HAZIS oh= WHE Al
Stal QUCH10].

71E9 MOSOIA ARSEE ol HE 7 A 2 Zo]
A oHRIAIEN Ao dgte S8 AFE pAew F

A Tt 6714 AWSSE 50 theh HEZo|H, VARL,=
I 10l UeF = UMY 647] olHQIANE 712I7Ic) 214l ais
Z} o HQIRLe] AlgrolTh.

WSS,y = WSS, + AWSS 1)

AWSS= a, TS+ a, T8+ +ay VAR +ay, | 2

E 1UM QA
Table 1 Elements of UM

Group Code
Air Temperature TS, T8, T7, T5
Thickness DZ18, DZ17, DZ85

TDD10, TDD8, TDD7, TDD5
QS, Q10, Q8, Q7, Q5
DQS5, DQ85, DQT5
RHS, RH8, RH7, RH5

Dew-Point Depression
Specific Humidity
Q Difference
Relative Humidity

Mean RH MRH17, MRH15, MRH85
Vapour Pressure Deficit VPDS, VPD10, VPD8, VPD7, VPD5
Zonal Wind us, ug, U7, Us
Meridional Wind VS, V8, V7, V6
Wind Speed WSS, WS8, WS7, WS5

NW Wind Speed
NE Wind Speed
SW Wind Speed
SE Wind Speed

NWS, NW8, NW7, NWb5
NES, NE8, NE7, NE5
SWS, SW8, SW7, SW5
SES, SE8, SE7, SE5

Total Rain Amount PCPN
Lapse rate LR87, LR85
K-Index KI
Severe Weather Threatening SWEATI
Index
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3. MLR(Multiple Linear Regression)i}
SVR(Support Vector Regression)

3.1 TEEXESAEA (Multiple Linear Regression)

OEAgsARA[10]2 B4 M9 SEHESE 7K 59
o5

Ha= s 2 SHHSY] A, 2 TRl

y:ﬂﬂ—"_ﬁlxl +ﬂ2I2 +.“+ﬂnxn+6 (S)

Aut A HRANNA FFAA S (coefficient) O] FHEBE T
a7 Qleide A WE EIEE FH4AREEH(least squared
method)& AHZSITE

min (Y} e?) =min( Y] (y, — 8, ——Biz,)?) @
i=1 i1
T} SEpEeo A4Vl WORIA B B4E Aol Ee
HIEAR Qs TEIA-e] BAl7E 2lg o+ AR, SyH
O A+ E0l= A B9 FEgl0] TSt SHAIE ki

3.2 SVR (Support Vector Regression)

SVR(Support Vector Regression)2 3ls5 HIOJEIQ] B2 o
AEEE SVME e-FAE SASSEE L6, o9 4
olEales utslst vhHolt}H7]. SVME 71ASS9
OFA, Foi7 HolE7t of BFo| &sh=A 2R

P garzlEolthe].
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- ol 2 ¢ 2170(+06H ~ +66H, SH 7H)

- 28 A2 00UTC

- 85 : 20079, 20084, 2009, 2011E

- HAE : 20134

- 71AQIAF - UM AL & 647K

Agle rEAdlARAMLRCRE HASH Wiyl Adgs
Q! linear, polynomial, rbfE Z&%h SVR 7|Hto] BE WHES

ZZ "laskIth 2007, 2008, 2009, 2011E WOIEIS Sh50]
835}, 2013H%E HojEHol thaliAl FIISI & 2= Ag 2
Al AIFERY 1637] ARFEOl MLRE 0|28t HF HhHI} SVRS
olgst HA =9 RMSEE Hlugh ZO|th. MLRE 0]g%h
HAE @0 HIg] SVRE 0|&8t 371K HE HHE0] BT 24
ghe B0IE 4= AUk

2170 OB FH+06H~+66H)0A AR HEg HESH
UM+AMLRE] RMSE:= 1.980, UM+ASVRE A&QI linear AY
£ 1.8260F OF 0.154(7.8%) A% SAEUCE HIAEO! rbfAY
S RMSEZ} 1.8239F linear AE} H|s6 A=0|Qict npxjet
©F polynomial AYL RMSE 1.796092 UM+AMLRHEC} oF
0.184(9.3%)8 % A0 371K A & & 718 255 4
5S HArk

Z2Ye SVM-Light[11] IEE ZFuldstol A3
QRAGIEE = 0.1, polynomial ALY X dE 3, rbf ALY
gammas 12 AFSICH

B 227 Z50H HE7H X199¥ RMSE H|al
Table 2 Performance comparison results of MOS based wind
prediction for each areas in RMSE

NE | 28 | A% | B2
training 2.626 1.562 2.119 2.031
UM+MLR
test 3042 | 1562 | 1958 | 1.980
training | o561 | 999 | 1917 | 1782
(linear)
training
L | 2521 | 1068 | 1835 | 1712
training | 9a05 | 1018 | 1744 | 1622
(RBF)
UM+SVR
test
. 3211 | 1197 | 1833 | 182
(linear)
test
(Lap | 3187 | 1164 | 104 | 1796
test
Rapy | 3103 | 1260 | 1824 | 1823

5. QAL 4= Wsjo) mE Hlal Ad

480] A gEslo] UM QIR A4S MSZIEA 2t
HHHS CIA] HIWSHAn) QAKeE 3, 5, 10, 16, 24, 32, 64712
M5 AL A sk5o] oSt QIR AElg Eo ge
OIX} 74 F 33 Atk

853



HM7|&s =g X 65 55 20164 5%

3 A8 QX9 W)
Table 3 Variation of selected UM elements

QR MejE QIx}
3 | wss, US, Vs
5 | +QS V8

10 + LR85, Q8, WS7, U8, Ub

16 + WSS, U7, V7, VPDS, RHS, V5

24 + LR87, Q7, DQ85, KI, SWEATI, RH8, TDD8, MRH17
32 +RH5, Q5, RH7, TDD7, TDDS, DQ75, VPD1000, VPD850

+ TS, T8, T7, Tb, DZ18, DZ17, DZ85, TDD10, Q10,
DQS5, RMH15, MRH85, VPD700, VPD500, WS5, NWS,
NW8, NW7, NW5, NES, NE8, NE7, NE5, SWS, SW8,
SW7, SW5, SES, SE8, SE7, SE5, PCPN
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SI1eIL 27] #ETh= A4Sk

33 —— (1)MLR
—+—(2)SVR linear
~—(3)SVR PLM
325 —— (4)SVR RBF
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Fig. 3 RMSE graphs of MLR and SVRs in Seoul according
to variations of weather elements
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a4 solles AIF AYQ] QIR Wst izt Lot ATt QAL
HAse BAal @AY SVR RBFZF 74a 24=5HH, PLM, linear
783l MLR 92 Ut Ag, B4R npE7iX2 MLRE Q]
A7t S7kghol wilh QX AAage HOIth SVR $9] F2
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Fig. 4 RMSE graphs of MLR and SVRs in Busan according
to variations of weather elements
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Fig. 5 RMSE graphs of MLR and SVRs in Jeju Island
according to variations of weather elements
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E 4 QRIS ©go] W2 MLR, SVRO HAAIS A} (RMSE)
Table 4 Results of MLR and SVRs based compensations for wind speed prediction according to variations of weather
elements (RMSE)

training/test | model | kernel 3 5 10 16 24 32 64

MLR 2721 2117 2.697 2.678 2.660 2,651 2.626

raining linear 2612 2.586 2.563 2.555 2,561 2.564 2.561

SVR PLM 2,601 2.58 2.555 2.534 2.544 2,539 2521

Seoul RBF 2,593 2.566 2511 2.468 2.44 2,428 2.345
MLR 3116 3114 3.089 3.073 3.062 3.057 3.042

st linear 3.202 3.189 3.188 3182 3177 3181 3211

€8 SVR PLM 3178 317 3.166 3.163 316 3.166 3187

RBF 3.169 3.149 3105 3.075 3.059 307 3103

MLR 1.748 174 1731 171 1695 1684 1562

raining linear 1.162 1138 1125 1135 1173 1186 1222

SVR PLM 1.108 1078 1073 1079 1.103 111 1068

Busan RBF 1101 1,068 1.055 1044 1043 1057 1018
MLR 1.758 1.754 1,744 173 1714 1703 1562

st linear 1.064 1047 1.059 1.089 1.148 1167 1197

€8 SVR PLM 1.008 0.989 1.002 1023 1.059 1076 1164

RBF 1,006 0.99%4 1011 1033 1.064 1115 126

MLR 2.24 2.233 2.222 2.205 2.186 2177 2119

raining linear 1.994 1.968 1945 1951 1.981 1989 1917

SVR PLM 1.956 1.883 1.884 1.885 1.901 1902 1835

e RBF 1.934 1.861 1.844 1829 1816 1821 1744
e MLR 2.084 2079 2.068 2.055 2,046 2.037 1958
st linear 1.804 1.802 1.804 1.805 183 1836 1833

es SVR PLM 177 1743 1762 1763 1779 1783 1.804

RBF 1.755 1734 1739 1734 1746 1778 1.824

MLR 2.166 2.159 2.148 2130 2112 2102 2,031

raining linear 1.847 1821 1.801 1.806 1835 1844 1.809

SVR PLM 1.807 1752 1748 1748 1.765 1767 1713

Al RBF 1791 1734 1714 1696 1685 1690 1623
MLR 2118 2114 2102 2,088 2.077 2.068 1.980

st linear 1772 1.765 1,769 L7717 1.807 1817 1826

es SVR PLM 1733 1710 1725 1731 1750 1758 179

RBF 1722 1,704 1706 1705 1720 1754 1824

QRR0] Hslo tigt datolMe MLRO] AR7E S7Feol

wet QA ZAFS EelslA HYOL, SR linear, PLM, RBF 22 ::;;"S"b,i': —
Ad B5F QIX}R9] S7tof] H FES K] LALL @56l8 A 2.1 & S ‘_;_(3)SVR PLM
ORF BVKSH: AT UEHILL 5Y W MejEs 14 o "**\‘4’3" RREE
71 g e A9 1k HIAETRe] xoj7 2ol Lhal, AR} 2 .
ol 1 xtol7p ©ol E0jg Aol oj&stAal, ARl Al o
Ko B J2ZojAs 02 SIS s UYloLt KoE g1
HAZE QOIA O B2 Aol thsh Ago] "Qsittal 8Z4=rh i
glo] BAE0] R Ol9ES theil 2Tk AF), 517184 D
S =5 zEls 4l 02 =3 2% oS F2o| of 171 D s il
Ui, UM E&ojA oEst Zduto] 47 A9 2 vdg slHE
Mg SallA BEske MOS E4jo)7] miiZo] % oo thst 18 —% 70 16 24 32 64
RMSE @A} 9IRS 7H9] #AZE e AHEQ FAE 7HA predictor
a7 HEY 4 Urh I 6 QAR Zig WHslo] w2 MLR, SVRO A&, BA AFRE
=M, AP gsolA] Aol A9 A8 QXS0 WSS, US, A9 RMSE 1si=
VS, QS, V85 HEE Zx0] APFoRE #AdE QIxto)y] we Fig. 6 Average RMSE graphs of MLR and SVRs in all area
of, QX0 & Heke 9K @22 2102 HOlrY, according to variations of weather elements

MLR & SVR Z|gt M n s|dEs|FHEMol Hlu - 8% o5 27 855



HM7|&s =g X 65 55 20164 5%

6. 42 ¥ g% a7
B =RolNE 5 o5S 9] SVR Jle] 48, HAE
HEYME Sasha MEHTRA Juel B8 J1Wi ulTs

Cl. KLAPS HIOJHol thst A&, F4h RAIFAY 16370 AR S
Aoz UMO 6478 QIRIE HF ARESH AFst ZuojA],
MLR 7]gto] BHE 7]H9] 2L RMSEZF ¢F 1.980Q1 ¥HH, SVR
718H] HIAE (polynomial AY) HEZIHE 1.7960Z ¢F 0.184
(9.3%) 8L SHIEIQCE "AFOZE Agol HIsiA HIAY vy
@l SVR PLM1} RBFO] 25t H5& HUrh Eoh Ag uH
Zol|A] SVR linear”} MLRO] HIBIA] AS50] 248101, 22 SVR
Ol HIAEe! PLM, RBFIIE H&0] ot O dojd #® 2
AO|E HOIR] LAY,

QIR}4=0] W35} AFojA= MLRO] Q&K S7tol whet @A}
Zaste =elskA HYOLL, SVR linear, PLM, RBF Al AYL
HE QIAReO] B7to] ¥ QEs WX LAL @58 QAP o
b BUYeke AEE LIEHLE

SE, O B2 A9 oist g% Age S8, 2ol A=y

i

g =0l 23, de A FIHO MLRIF SVR linear®] &0
7} AEs] L= s tigt £40] sl
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