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Estimation of the Coefficients of the Angstrom—Prescott Formula Based on Machine

Learning Methods

FENG Wen-zhe'”’,HE Zhi-hao' >, CHEN Shang’,DONG Wen-biao'’,
LI Ruo-tong'?,YU Qiang', FENG Hao>*,HE Jian-qiang'’
(1.Key Laboratory for Agricultural Soil and Water Engineering in Arid Area of Ministry of Education, Northwest A&F
University, Yangling 712100, Shaanxi Province, Chinaj;2.Institute of Water—Saving Agriculture in Arid Areas of China,
Northwest A&F University, Yangling 712100, Shaanxi Province, China;3.Jiangsu Key Laboratory of Agricultural
Meteorology, Nanjing University of Information Science and Technology, Nanjing 210044, China;4.State Key Laboratory of
Soil Erosion and Dryland Agriculture on the Loess Plateau, Institute of Water and Soil Conservation, Chinese Academy of
Science and Ministry of Water Resource, Yangling 712100, Shaanxi Province, China)
Abstract: Surface solar radiation (R) data are important in hydrology, agriculture and ecology. Since only a few national meteorological
stations have direct observation conditions, the Angstrom—Prescott (A—P) formula is widely used to estimate daily Rs. While the two empirical
coefficients a and b required by the A—P formula have been recommended by the FAO (Food and Agriculture Organization) (e = 0.25; b =
0.5), recent studies have emphasized that the localization of the formula parameters could help to improve the estimation accuracy. This study
used daily surface solar radiation (R,) and other conventional meteorological data from 80 national weather stations with solar radiation
observation data from 1967 to 2017 to derive reliable A—P formula coefficients in China mainland. First, the entire Chinese mainland was
divided into four climatic zones: the Mountain Plateau Zone (MPZ), Subtropical Monsoon Zone (SMZ), Temperate Monsoon Zone (TMZ), and
Temperate Continental Zone (TCZ). Next, the calibrated a and b values of the A—P formula were obtained at each weather station in different
climate zones through linear regression, which were regarded as the observed values of the A—P formula coefficients. Four machine learning
algorithms were applied to estimate the A—P formula coefficients. Each algorithm combined different input factor combinations to construct
different estimation models for A=P formula coefficients. The accuracy of the estimated A-P formula coefficients and their impact on Rs
estimation were evaluated. Some main conclusions were drawn as follows, when estimating the coefficient a, the SVM machine learning model
with the five—factor input combination had the highest estimation accuracy, with R* = 0.661, RMSE = 0.022, and nRMSE = 0.120. When
estimating the coefficient b, the ELM machine learning model with the four—factor input combination had the highest estimation accuracy,
with R? = 0.550, RMSE = 0.031, and nRMSE = 0.055. Based on the A—P formula and the relevant coefficients a and b estimated with the
selected optimal machine learning model to estimate Rs, the results showed that the nRMSE of the machine learning model are 0.168, 0.225,
0.138, and 0.180 in the MPZ, SMZ, TMZ, and TCZ zones, respectively. Therefore, we recommended the SVM model with five—factor input
combination to estimate the coefficient a, and the ELM model with four—factor input combination to estimate the coefficient b,. Through which
more accurate A—P formula coefficients could be obtained and thereby Rs estimation accuracy could be further improved with the A-P
formula. This study provides a theoretical basis for the localization of A—P formula coefficients and the improvement of Rs estimation
accuracy.

Key words: global solar radiation; Angstrom—Prescott; coefficient @ and b; machine learning

H I A TR B R EWAMEF 2™ HAT 4 2947 2 500 21
[ Gl i, T HG PP HAT B R B A S 0L ) 3t 15 AL AT 100

0 51 &

K FHRE A2 fie T S PR BRI — (R I (2 e ) 2 1
M AR F IR AN, TEROM e R WL EAESD T IR B
AR R R SRIBOR FRAR ST B, XTI 2
FEAAE BCHEE RS, BRI S A RE & RS
PR ZEHOR RS, T LRI B YSE . 7EH AT 4
BRI R 5T, H T R K PR S T T A Xk
PN A AT Sy, SE AR R R, BT DA BOR 32 3T
K,

FRIECORPHRE IR 5", AR HERG . AR I SC b3
R BH SR SR SN X BH B VR 1) 45 BRI T RN 28 5% 1 T 45
LLRRHESEA T m B L. SR, TR A E A
BATE R . 4R 2l A R, S B 2 O B A e
(Surface Solar Radiation, R,) FJXMMAHEE TREA . K. 1R,
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RA e PRI, BUA LI A5 1 O BH 4 S 0 28 02 T2 A 1 1
JERBHBE A7 S5 RHIT 5 20, T 29 T R BH AE Y e RN
o fip i A Tl , i RS O A 195 LI & 40 X K BH
e S R A T (A B

[ N AN VF 2257 38 B0 TR 5845 FiosAS AR ELRS B2 3 v
B RAGE 7% . Meenal FlI Selvakuma "0 57 2 B4l 5 R A5 A
K, . e . BB i o, M R
M52 552/ Bristow Al Campbel "2t T 3 b 187 < H 4822 il
B H RS SRR EOCR, IR SR Ed S T B-C
BERL, AR 2 S5 AR B A 22 O O F ik B 2 TR 2 i 22
BRI H R, S N R T2 AR T H IR AR Y
Angstrom—Prescott 152 8 ( fi] #K A-P £ ) o Z B A K
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http://www.cnki.net



110 ETFMEFITH Angstrom—Prescott A K, & 2 6915 A

XY REEZ K L F

O IR b T Ab SR S R, ARG 2 R S ek T ok . HuAh
SRS R U AT 8 H R EL N A9 T3 0] S5 BSR4
21 (Food and Agriculture Organization of the United Nations,
FAO) #4210 ¥ Tziomon Fll Mayer™ & BN F AP 24 =04k 4L
R AR 5 80 AF () 352 2 7E 2.5%-3.4% Z 8] . Chen %™ 5 Liu
PRI A-PARXK LT &, A-PRIALG I 200 R o R
b, BT E AR T EAE BT XS M S R R R AT
S AEJE T AT LU R B R ol s /b, T JC ik B
BRIBUREE XA o Fl b RECIEME . HTCIE HEARAS o FI1 b 2K
RRHE(ES , FAO HUGR A a M6 1T LIS 0.25 4105, 1E[H
W, B Ibe BRI Y b R X S5 a B IUEYE [ R(0.1,
0.35]; 7725 0L 55 g e TR AFPIGR H b ] 4l DX 2880 b A R Tl
4[0.35, 0.7]. AT ULXSEEISHAE S FAO RFETEE ELHEAT 1F
BORZESE, IFANREIE N R RGBT A Y IX, 2 FAO
A o F1b ZH, PTRESSRNA R AOAG ORI RE . TE A0 Liu 55277
BN, BN — A A-P A U AT il 4R v HORS B
BRS80S s R B IR BRI, a7
R G AMINAZ B, SR Liv S0 58 R WME IEJ5 518 1E T
IR BA IR AL R, AR X $2 i HORS %
AR SRR NS 2%, W EMERE . T
Py A-PASERL I M, WY R T B v S 8T I
A A

AHIFTE 3 1) R FHAS T BRI BIL i 2 ~J B3 A B v [ R 3 X
AN G R A-P ARZ R R A oMb AYH . T2 <
Rt XE N A-P A KRB HEI BRI JE T HLas 2 > S Y
A-PARZRZBET s FIH Angstrom—Prescott BRI AL 5 A-P
AR BG A R o WETEES TR 4 v 5 S A 500K E SR it —
Rk AR A

1 #R57FE

1.1 FAREE

Y s e Nl T P 4 s o =R T R N 7
MPZ) . K i KRR X
SMZ) i A FE KRR X
(Temperate Monsoon Zone, TMZ) . & 4 K ffi 4 < 5 X
(Temperate Continental Zone, TCZ) ®", HH MPZ Hi X i 4 fiv
s PR 4 236 my HUKCON TCZ MK, ViRl 912
m; SMZ M- BIEH A 611 m, MR FARAY TMZ My X - 1 if
KA 288 mo MPZ. SMZ. TMZ. TCZ 4A~*A5 X 43 545 7.
34, 23, 161 gukini, AEIA 80T Gl sl BA K B4R
SYULITIRE, BN A LA TR R R (B 1) . fEIX
80 I~ 4 vl R 4R 1Y R G B s L 4 [ RN (Precipitation, P,
mmy"') . MXEE (Relative Humidity, RH, %) . SZBr H HE AT
%0 (Actual Sunshine Hours, n, h) . ¥ 7F H BB} %0 (Potential
Sunshine Hours, N, h) . “F ¥ i B (Mean Temperature,
T, C) . feEi i E (Max Temperature, T, ‘C) . 5 fIGiE B
(Min Temperature, T, ‘C) . K# (Wind Speed, U, m/s) . Hi5h
KBA%EST (Extraterrestrial Solar Radiation, R, MJm>d"), M5k

(Mountain Plateau Zone,

(Subtropical Monsoon Zone,
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K FH %8 5 [Surface Solar Radiation, R, MJ/ (m*sd) |, #&ALH4%
AU A (longitude, lon, rad) . 25 E  (latitude, lat, rad)
VLI (altitude, alt, m) o WEAMEAT 839 AN HAT K BHER 5
WL T RE R — MRG0l , X BTGl HRER A bSO rik iy
— I RE

E1 #MRERREE
Fig.1 Map of research area

1.2 Angstrom—Prescott A3\ Z MK

Angstrﬁm—Prescott/L\\iﬁzEll:Fh Angstrﬁmum:}: 1924 4F 4,
Prescoti®F* 1940 4F-7E Angstrom INFCEERE b A 3 A R e S R,
BRI 2 S e ok (AR (1) 1o HbAb SRR I R, Rl K
AT B8 H BN (TR 2 2% FAO HEE R A AR (1) 1o
R. = Ra(a + b%)
R, =(24 x 60/m)G d,(w,singsind + cos¢ cosSsinw,)
d, =1+ 0.033 cos(2m X J/365) (1)
8 =0.409sin(2 7 X J/365 — 1.39)
w, = arccos(—tan @ tan§)
N=24 X o/
Kb ROVHIZREES, MJ/ (m*ed); R HLAMSAEIT, M)/
(m’ed); a. bNEITREG n PR H IR, hy NREK
e HMESEL, by 6 A KRFAE %, H20.082 MJ/ (m*emin); d,
h H T AR X B RS 5 IR o A RBHIS A, rads @ R4
FE, rad; 8 W RFHIRES, rad; JNAFENFRKH P

AWFEVAR /R, HIRAS B, /N R HAR R, @S et 2
X (2), SEzsME/h k& EmHLs, B A4
S BCHE 1 4x [ 80 A~ G2k i ) A-P A SR BB A

R, n
Rf =at+by (2)

K45 2 LR
1.3 WASREFHEESHEE

R T E ML ) BRAGR A-P 2 2R B R A A
[EWFHE, ASORIERE A CHTIAF a5, NZA
JAUSEN A ST R e T R R e MR I 3 R T
R, w/N, T, ', ST TR ARGl n VLI A 3l 11 %2
ARSI o XIR B A5 AR ST R 44 /N2 7 i B R B A TR REAE
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TE 75 B R AR B, IS 1 2 PR A T 4 L
MRS I ale, X SE TN R A TGl s T TR A M B 0
454 A-P U TR 22 B I 3 UG T I Pk
R, WNAERFEMER T, FIRNTHEMENTHE . BAH5E
T8FASL (K. T =HTHGSMHETHGEA =FAH
Hra, PR SO BEPEAN b SR T 2% R 180N B ey
HUEERES
®1 WARFAHAER

Tab.1 The combination of input factors

5 T i AT
1 2 R, .n/N
2 R, +n/IN+T
3 3 R, +n/N + lat
4 R, +nIN + alt
5 R, +nIN+T +lat
6 4 R, +nIN+T +alt
7 R, +nIN + lat + alt
8 5 R, +n/N+T,  +lat+ alt

14 A-PRXEHMHERE
141 SFHFmEEE

SZEEIRIEHL (Support Vector Machines, SVM) J&—Ff ELA
SEFTRT AR L M SR AR AR AR, e — A R T Y
BLES 2% 2 500k, AEAL AR Ze M 1] URT/ MRS ) R ELA 0K
MIPEE . BT Je A S AR ) LS B 25 5 R IR T Ui
FH B, g 7 — A RUZ R AR R A ARl . BFyess
RBW, %07 AT LATE O 58 5 i A 15 0 A R BH A A
WAL, HAt 2 2 A S ) S ALV T O BH A A B3 >
SR, HA O T T S5 1) S ALAG 55 A-P A SR B 5T ik
ARXS R . AP R F AR d T A-P AKX R
R MR BRI BN “radial” . KIEII TR ZE (Root
mean square error, RMSE) E'i/J\JEmUXT%‘%Z’yT‘ﬂ CIEFT 1k
142 BPHZMEKE

BP #1 £’ 4% (Back Propagation, BP) SR A2 .
W 2 R )2 2H LA 22 2 A R I e 158 2 306 e 4%
FEREHATINGR, B AR Bk ee, 7EVF 2 ARk m)
R RAFELAPERE, TN T AU,
FH 25 [0 28 A5 235 5 ARG 50 OB N7 1 KR FH 6 S5 11 £k A
B, IS A AR EAT TR . DR EE SRR, ST
LKA AR S SENHE W&, HORE L T A 22 g A
B BRI, HATSCT (M BP A2 45 il 5 A-P AR B AT
FERAINT A . AW S RIE S MM E T A-P AR
fRERR, IRIEI T ARIR2E (RMSE) 35e/INR IR B A 4K
FIRUE IR SHHAT I, HRSEIIAE.

1.4.3 Cubist &%

Cubist #1812t Rule Quest 23 7] FF & i) — Fh e 58 5095
BR T MS BLIA, R b AR R A4 Cubist A7
KA T 3 Bea B R BN R =, PRI BA LUR AR
R AT DA e M FAE L vk (R R0, 87T L) i v A58 (1 131
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MAGRE . 50— el Z e PERAAA L, Cubist £ 8 1)
PR FAAE T AT L o 5 12 % i A28 () BEAT R0 4 oAb, Cubist
BRI R BT . 2R, O HLAE WS Ab BELEAT o 4k s 14 1
) ARSI GRAT XS A2 AT T 0 — AL 3], SRS
FAREF WM T A-P AKX KB EAL, MR 5 R
7 (RMSE) H /N J5 U X 2 20 committees Fl neighbors #F 17
Sl
144 HRRZFSHEER

W PR 2L (Extreme Learning Machine, ELM) JE— At
TR WA L = D Bk, A Z . RS EA
B LD L, A5 TR o R AR W B AR o] IR L, AH LA ST
P LR, ELM BA IR T . Ak vk R TE4r ik
Ko BA R ELM B T K B AR A SR O 58 v, AR F
R RIEF AW E T A-P AR R RRAL, WG T7
iR 2% (RMSE) f5e/NFE WX 24 nhid, actfun Fil init_weights
AT
1.5 ZitissR

AR IPE 28, R, YOr ez, RMSE, H—1k
ViR 2%, nRMSE 3 3Gt iP5 ik PPN B AR S 5
RBO MM Z A58 2% . R AT LA BIASE R 40045 K5 B 1 w5 1% 5
RMSE T L 52 e 28 200 S (15 28 00K (1 2 TA) S 2 7 2
nRMSE JE 451 77 i i 22 1 F ik 28 e 4 (i FE A8 O T I i 4
AT 2, 2 P ok B e 28 B0k 015 2 ORS o =2 T 22 722 2
M — bR, Y RAEVT |, RMSE 5 nRMSE #i/), I
R BB

[ - %)y, =) P
R == : (3)
Z(xi - ;)ZZ(% -y

‘1 n )
RMSE=’/;;(xi—yi) (4)
LS -y
. n “~ o (5)
nRMSE = Y—=_
Y

Xl n WEEAR R o W A-PARXRBAMNEME; v W A-PA
KRB ; * W A-PAXRBUGEEWNIE; 7 hA-PA
FRBAE B

2 HRESH

21 A-PAXBRHHIKE

30 3k 2 TR A A5 2 80 AR AT I A 1 @ b R B HEAE
(F£2). A-P ZE T {HE F 43024 0.16~0.23 F10.53~0.59.
HFAOHEAME (a=025, b=0.50) AL, HE & XIS RHERE
FRE o MTRERK, REUME b WTRER/N . RBa BIRHEME N
0.12~0.29, ZHb MK HEME N 0.48~0.72, 1E MPZ X rf, %
B a R0 b ROAS HE M E Y R de K, i AE SMZ IX 3% 2R 50 a (A 1
EE RN, TCZ X ZR B b B B e/
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By FEE MK b F

F2 HFEAFRFESMER Angstrom—Prescott(A-P) A RE R EE R
KE &M BHERITEE
Tab.2 Maximum (Max), minimum (Min), mean values, and
standard errors (SE) of the benchmark values of coefficient of the

f&ngstriim—Prescott (A-P) formula in the four climatic zones in China

A AURIX e Wk BoME bR
MPZ 7 0.29 0.20 0.23+0.03
TCZ 16 0.27 0.18 0.22+0.02
a TMZ 23 0.28 0.14 0.190.03
SMZ 34 0.21 0.12 0.16+0.02
EaEEl 80 0.29 0.12 0.19+0.04
MPZ 7 0.66 0.54 0.59+0.04
TCZ 16 0.60 0.48 0.53+0.04
b TMZ 23 0.59 0.49 0.54+0.03
SMZ 34 0.72 0.51 0.58+0.04
e 80 0.72 0.48 0.56+0.04

22 EFHSH[FEIEEGHEEA-PAKXRY
221 A-PARRHBWMEE

T TSR] T K T2 A A SVM B YE AL B S 5 o B, T
AT A A RE ) e, HATRYN RS e R KT
LRITAHHTHE, [FIN I RMSE . nRMSE J&3% 5 FhéH & B/
By, HA AL 2k RMSE {4 0.018, nRMSE 4 0.095, 4 iF
RMSE 1Y }30.022, nRMSE 4 0.120, XK 7204 B Ak 05 i
%, HARIZ S5 5UE 0 RS RMSE . nRMSE P8R4 3%
WHAZ R T4 6 T S50 RO AN AN LA 3R AL, A
Yl 25 RMSE 7 0.026, nRMSE 4 0.141, 35 UE RMSE 4 0.027,
nRMSE }30.143 (£3). X SVMABEDRE, =HFH A%
TRHETFHEMAT SBEET, BEASTERERE; WEFE
FHAMTF=HFHEMA TREE T, BEIREE B
PEMHE R, EEHEFAE YU nRMSE R K T 0.003;
HFHEHS TR FHSMATSHER T, KESRTE

R

£3 EFSVMEZEMA-PARTSH o« EETFNR

Tab.3 Evaluation of estimated parameter a in the A—P formula based on the SVM algorithm

. . . e e
=2 T4 AT S .
R RMSE nRMSE R RMSE nRMSE
1 2 R, .n/IN 0.524 0.026 0.141 0.512 0.027 0.143
2 3 R, .n/N .alt 0.646 0.022 0.119 0.643 0.023 0.121
3 4 R /N .alt.T, 0.682 0.022 0.119 0.649 0.023 0.124
4 5 R /N .alt T, lat 0.778 0.018 0.095 0.661 0.022 0.120

BT ORTA U A 2 5 1 BP BORTERS S 2 M a I, TN WA, HBURIZ RMSE 9 0.027, nRMSE 79 0.145, $iF

THAWMEBERE L, HARYIZ S5 18ER RMSE . nRMSE
RS MG B/, HAERYI %k RMSE 4 0.020, nRMSE
4 0.108, &9F RMSE {4 0.023, nRMSE 4 0.124, XU H T4

RMSE “H 0.029, nRMSE J30.154 (F4), %I T BP B B35,
“HEFHAEHSFRHAFHEMAT @RET, KSR T
BREE; WHFHSMHENT=HFHaAEMATERNT,

IR, ORI SR R 5 RMSE, nRMSE  WOSRE) TR T4 A0S T T4 MA T
VPRI F N T LA S AR AR RS IR, REIEAIA B
F4 EFBPEHEMNA-PAXFSHEEITMFE

Tab.4 Evaluation of estimated parameter a in the A—P formula based on the BP algorithm

P e T . I , . gl
R RMSE nRMSE R RMSE nRMSE
1 2 R, .nIN 0.472 0.027 0.145 0.424 0.029 0.154
2 3 R, .n/N alt 0.585 0.024 0.129 0.581 0.025 0.132
3 4 R,.nIN . alt T, 0.701 0.020 0.109 0.625 0.023 0.124
4 5 R nIN ale. T, lat 0.705 0.020 0.108 0.624 0.023 0.124
ST R B F414 0 Cubist BUBER SR a i, B %R

BT 4G AR ae Jme i, B2 5 58 UE 09 RMSE |
nRMSE 723X 5 F el & B fie /Ny, EBEHII 25 RMSE i 0.020,
nRMSE 7 0.107, il RMSE {4 0.024, nRMSE 7 0.127,
HFHA M B R 2, HBRYIZ RMSE 4 0.023, nRMSE
0.127, H3F RMSE 4 0.026, nRMSE % 0.138 (£ 5), X T
Cubist BRI, =T A TR FAHAMA T mREH
T, OREIEA BEM MRS WETFAA AT = T4
HBIMATBEHR T, KEMSS TR RS ; HHTAHEHT
TWEFHEGMATHERT, KEHNRA BEENRES,
T A BB 2R R I FAR T DU B T 4L G B )l
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LTS [R50 R F-2H 4 1Y ELM AR AL S 2 8 a ), T
T 416 Ak B e ) fe i, LB B 25 55 58 3 () RMSE
nRMSE J&3% 5 F 41 & W e /g, ALY 25 RMSE 4 0.020,
nRMSE 2} 0.107, 533l RMSE {4 0.023, nRMSE 7 0.124,
7 41 A B9 A 380K B A 25, HL RS AL I 25 RMSE 4 0.024,
nRMSE 4 0.132, 961F RMSE 4 0.030, nRMSE }0.160 (#£6).
X F ELM AR UL, = P A A% A A A IA T
B, KA TR, WHFAEHEY T KA
BAMATAEET, KEHRA BEENES; ARTHAE
AT F R FHEIMAT SR T, WEAR TR,
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®5 ETF Cubist EiXMA-PAR P SH a EHIEME
Tab.5 Evaluation of estimated parameter a in the A—P formula based on the Cubist algorithm
) Y%k Lrana
K5 RS KT : :
R RMSE nRMSE R RMSE nRMSE
1 2 R, .nIN 0.599 0.023 0.127 0.544 0.026 0.138
2 3 R, .n/N alt 0.630 0.022 0.122 0.544 0.026 0.138
3 4 R, .nIN.alt T, 0.718 0.020 0.107 0.610 0.024 0.127
4 5 R, .nIN.alt T, lat 0.710 0.020 0.109 0.614 0.024 0.127
#6 ETFELMEZMNA-PARFSHAEIENE
Tab.6 Evaluation table of estimated parameter a in the A—P formula based on the ELM algorithm
, I RilE
e T8 T : :
R RMSE nRMSE R RMSE nRMSE
1 2 R, .nIN 0.563 0.024 0.132 0.456 0.030 0.160
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Fig.2 Comparisons among the estimated coefficient @ in the A—P formula based on the four different machine learning algorithms and the

corresponding calibrated values
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Tab.7 Evaluation of estimated parameter b in the A—P formula based on the SVM algorithm

B e T . I , . el
R RMSE nRMSE R RMSE nRMSE
1 2 Ra 1IN 0.279 0.031 0.056 0.278 0.039 0.070
2 3 R, .nIN.T, 0.424 0.028 0.051 0.506 0.037 0.066
3 4 R, .nIN.T .alt 0.443 0.029 0.052 0.515 0.036 0.065
4 5 R, .nIN.T, alt.lat 0.472 0.028 0.050 0.491 0.036 0.065

FETORR] T A 520 A B BP RS R ZEAG S S 80 i, DI
THAMTTRE e, HAAIYI LS 5ER RMSE . nRMSE
JEX 8 PP A B /N, HAR R RMSE 4 0.027, nRMSE
H0.049, E&3IE RMSE 24 0.034, nRMSE 4 0.062, XA THE
PN RN i e 22, BRIV 2 S 38 UE i P M P pn e 22, LA
T 45 RMSE 24 0.030, nRMSE 3 0.054, B RMSE 4 0.037,

nRMSE 5 0.066 ($£8). % T BPEIEINHL, =K T2H&M%
FUHFAEGMATRIRAE T, BESS TR MH
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WA B EEMR S, £ 2 50 RMSE 5 nRMSE 43 BI#R 3 K
70.001,
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Tab.8 Evaluation of estimated parameter b in the A-P formula based on the BP algorithm

B8 e T : % : : il ‘
R RMSE nRMSE R RMSE nRMSE

1 2 Ru\n/N 0.313 0.030 0.054 0.358 0.037 0.066

2 3 R,.nIN.T,, 0427 0.027 0.050 0.459 0.034 0.062

3 4 R,.nIN.T,, lat 0.428 0.027 0.049 0.460 0.034 0.062

5 R,.nIN.T,, lat alt 0.442 0.027 0.049 0.447 0.035 0.063

FETRR 0 P T4 4 1Y Cubist B /RSB S 80 0, 1
T 414 4G 5 Jy de i, BRI 25 55 58 00 (%) RMSE
nRMSE 23X 5 F 24l & B e /MY, HBETI 2% RMSE 4 0.023,
nRMSE 24 0.041, 351iF RMSE {2} 0.032, nRMSE 4 0.057. L
T A 04GR E e 2, BRI 2k RMSE 2K 0.026,

nRMSE 4 0.046, 561k RMSE 4 0.035, nRMSE }0.062 (¥£9).
X Cubist AR, = T4 A& HXFFRHEFAHAIMA TS
WK, RS T UM T A8 mA
TERERET, FEENCH B TSR
THEMAT SRR T, KA S T U744,

F9 ETF Cubist EEMA-PAXPSEb HEITMN R

Tab.9 Evaluation of estimated parameter b in the A-P formula based on the Cubist algorithm

e CERT T 2 % : : s :
R RMSE nRMSE R RMSE nRMSE

1 2 Rd /N 0.517 0.026 0.046 0.463 0.035 0.062

2 3 R .N.T, 0.574 0.024 0.043 0.474 0.033 0.059

3 4 R .IN.T,, lat 0.602 0.023 0.041 0.510 0.032 0.057

4 5 R,.IN.T,, lat.alt 0.587 0.023 0.042 0.467 0.033 0.060

F TR TR T4 4 69 ELM A B/ il 25 b i, DU
TG A RE ) e, HBIRYN 25 5 58 UE Y RMSE . nRMSE
X 8 A A B /MY, HARETI 2k RMSE 29 0.022, nRMSE
9 0.040, FGHFE RMSE Y} 0.031, nRMSE 5 0.055. M H T#H
G AN SRS B e 2%, BRI SR RMSE 4 0.029, nRMSE 4
0.052, 3&3F RMSE 4 0.036, nRMSE 3 0.064 (3 10). X T
ELM Ak, = F 4L A A FBHE FAL 4 A TR H
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Tab.10 Evaluation of estimated parameter b in the A—P formula based on the ELM algorithm
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Fig.3 Comparisons among the estimated coefficient b in the A—P formula based on the four different machine learning algorithms and the

corresponding calibrated values
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Fig.4 Estimated R based on the A-P formula and related a and b coefficients estimated through machine learning models.
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