R A DL b P 41 T | 5 s |

s Journal of Drainage and Irrigation Machinery Engineering

doi:10.3969/j. issn. 1674 —8530. 17. 0216

#HEJL -5 Angstrom 2y XS BBz IF e
K BH S50 S 28 A 23

(1. TR KFIBERFITBE , 8 I 2330005 2. K FIK R IR B0E B LIRS, 2R
HE 2330005 3. RER2E KR TR 5 % 42 R 5 T s L0 =, Kt 300072)

TEE: AT MAERER KM ERBH M A, K T LB, LHRIESEA 83 A %36 2011—

2016 <569 52 K Fa B Aa 44 R, 2035, 2 5 K8 s = ik Ao i 4% FL ik AT Angstrom X, P 235 &

Hoa,bABATRR ST HH 2 AR ZMAE FAO ZUEHE ET, 2 R_ 9 £ 5] & Tk £ 7

HR R BN FEE R R B S AR A Gk b, R F RGBT

HHRAT M. EREN,FAO AN ZE LK a, b A RER THELTFR, LERXMETT R, =

ETy. i@t g/ kAo it LA R 21009 o, b 1E¥ T A KRG R, #2 ET, Wit F oy e ik,

B E kR R R B M. 19552014 565 60 a A, LT R 60 B 3 R KILE & Bk ZI0:%

B ARG AL B, P JR AL 3R T Mg LB AR T -F R dg 3R, 1980 54 £ 245374 ,1980 F 2 aT K

KELTFRFAYR FHRTHESLL AP R, 1980 FZEF0H R, TEREWR;R FH o

IR R A RS K5FE RS LF AFREFETHR A=A L2 EALG I EHHRA

BT 2R 6 AT AFAE s, A RE L RSN TSR ZIA LR SH RREMEIEG6 A

B, 12 A kA&, P 9B R R T A L -F R F AR RIEAR AT R, A= ET, RAESF.

KB KA E 424 ; Angstrom N X A FAE D R X A= T R BB A5 o AR iE

MESHED: 214 THEIFREARG: A XELHE: 1674 —8530(2018)05 — 0426 — 07

=R, BEIL, 5R, % B4 TIE Angstrom AR SHRE R A MBS HSHESHI]. HEIM TI22R,2018,36(5) :
426 —432.

YUAN Hongwei, YUAN Xianjiang, TANG Guangmin, et al. Correction of parameters in Angstrom formula and analysis of total so-

lar radiation characteristics in Huaibei plain[ J]. Journal of drainage and irrigation machinery engineering ( JDIME) , 2018,36 (5) :426 —432.

(in Chinese)

Correction of parameters in Angstrom formula and analysis of total
solar radiation characteristics in Huaibei plain

YUAN Honguwei'” , YUAN Xianjiang'” , TANG Guangmin'*, CUI Yi’ , JIANG Shangming'**
(1. Water Resources Research Institute of Anhui Province, Bengbu, Anhui 233000, China; 2. Key Laboratory of Water Conservancy and
Water Resources of Anhui Province, Bengbu, Anhui 233000, China; 2. State Key Laboratory of Hydraulic Engineering Simulation and
Safety, Tianjin University, Tianjin 300072, China)

Abstract; Based on the total solar radiation data observed by automatic meteorological equipment in
the Xinmaqiao Experimental Station, Anhui province, during 2011—2016, the empirical coefficients a

and b in the Angstrom formula were calibrated by least squares method and genetic algorithm. Addi-
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tionally, ET, and total solar radiation calculated by the calibrated values were compared with the re-
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commended values by FAO. Based on the optimized empirical parameters and the data observed in five
typical meteorological stations located in Dangshan, Bozhou, Suxian, Bengbu and Fuyang, the tempo-
ral and spatial distribution characteristics of the total solar radiation in the Huaibei plain were ana-
lyzed. The results show that the recommended values of a and b by FAO are unsuitable to the total so-
lar radiation in the Huaibei plain because of overestimated Rs and ET,. The calibrated values by the
least squares method and genetic algorithm can result in more accurate R, and ET,. In 1955—2014,
the average daily total solar radiation presents a downtrend from north to south in the plain, and the de-
cline is larger in the north than in the south. The year of 1980 is a turning point before that adaily total
solar radiation declined tendency is not obvious, but after that the radiation is declined obviously. The
seasonal distribution characteristics of R, from the largest to the smallest are; summer > spring > au-
tumn > winter. The yearly and seasonally average R, distributions are higher in the north and lower in
the south generally, but there is a difference in R, locally. Besides, the monthly R, shows a unimodal
distribution, its maximum is in June and the minimum is in December. These results can provide a re-
ference for accurately calculating R, and ET based on conventional meteorological data in the plain.

Key words: total solar radiation ; Angstrom equation ;reference crop evapotranspiration ; Huaibei plain;

genetic algorithm;distribution characteristics
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Fig.1 Typical meteorological stations in Huaibei plain
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Tab.1 Latitude, longitude and altitude of typical
meteorological stations

ELY iR 2 h/m
il 34°26' 116°20’ 44.2
=M 33°52’ 115°46' 37.7
bice=Y 33°38’ 116°59’ 25.9
[E5:E] 32055’ 117°23’ 21.9
EBH 32052’ 115°44’ 32.7

1.2 Angstrom X% ET, itE 5%

Angstrom 237Ul e R 148 T 1922 4R 4%
HE, JE B ZE KBRS A S AP E P Gt
BAXN

R, =(a+bS)R,, (1)
AH:S M HBEHSR, LR AEE H B
R, RS SR FHAR 5T, MY/ (m® - d) , KRS0
- WNUEE P Pt i Eol o NG W o 5 N B 17 S0 o
AN SZ KA, 852 H MR 2 K PH &
AR EVER EER 2, SCH R T H R SRR S A i AR
Fsa,b NAWSEL, AP 2 S hE o KRR R
R R IR AL

ET, & il Penman — Montieth A28, B

0.408A(R, - G) +7y T302073u2<es -e,)

A+vy(1+0.34u,) :
(2)
X R, IR B R L M)/ (m - d) 5 6
N HEHGE R M)/ (m? - d) 5 TR PSR, C s u,
K2 m o AL P XGE, m/s s e, AR AT K SR,

ET, =

kPase, PR TR, kPas A i FIOK Hs 55 38 5 i
LR kPa/ C 5y N THBR AL
YRR R S R, I AR
R,=(1-a)R -R,, (3)
K ca HZ WA SRR 0. 235 R, D 1K B4
G, MI/(m* - d).3(2), (3) s HA AR B i 355 24
AT S ILCHE AR ALTE SL 13—2015).
L3 SHREFE
SCHSBCRE T ik b Rk S LR
. B/ AR N AR ST ST L BGE T R BCRE
Jrid MR T GOR AT R, M52 R, S, i i
/N AR IR o, b Y SRE(E.
BT T AT R U R AU T 3R
SERI 7R R s (A R AT A Y 2 R R, B
PR R B R id & TAR B 2k s B 1
LR DA 5 T R, A 07 A B R
DR SCrp g s st A5 B3, O 0 HL A 2 80m vl
FIPEREAT AT HLBE. AR R AL o, b AL i,
B ARSI R /R, AN H B 5036 S O HAR
BRI AL L AT UK, B A5 B A 1
AT U IR @, b (8, RS REA

n

minf(a,b) = 2 | X;(a,b) =Y, 1, (4)

l_(1)$a$1 s

- {Osbsl, (5)

A X, M HHBA R S;Y, 5 i HSHR

FREER S 5 KD S K ARG B (R/R,) 5n H
K BH A SRS A

2 HRESMW

2.1 SHRERME

TR SRR R N A 3 T4 vl 2011—2016
A A SR O FHE B S A R e i, g i A
P/ ek Mg A4 3915 3 %€ 13 21 Angstrom 24 3(
THIZI S a,b. EAFTH Eik 2 HEESH
L FAO HE# 2R 18 B, S8 S R it , % 1 -F
PIURFE P A N TR 22 3T R 22 DA B 56 R A
A NG AR AT R SR 3 AR
[ 295 AR K00 R, THAE S SR A X EE 23 A i
2,8 % o NVBIRZE, MAE 7 29 24 %R 2%,
RMSE Jy ¥ #ix 2% , R ISR, RV SME, R
LT Ve

M2 2 A LA SR FAO HERZ A S R M a,




555 191

RES,F

HEIETF IR Angstrom N RSHUIRIE R A SRS N SRR

429 |0

bAFEN R, FHEAE I ¥R 22 R A X iR 22 B
D7 HRR 22 24 0 35 R T T e/ A i R B A ik
HE a, b ZHROTABII R SE2R A a,b R
0. 253,0. 320 I, A FH H B4 S 31 550 (8 A S 00 4 P
IR FR R OR ELF- 249 15% 25 FHF- 2 2 0 R 22 K de /)N,

UK LM A AR R 0 =0.253,b =
0. 320 AT L A5 A 2550 i Ak 330 942 0P S Ay K BH i 8
HARTF H/h ZIHE R RELSR. 73 2 it
FWIFIH FAO B SR AL S R PR 3, 22
P S A 55 T LS, P42 mT g S ALY 23. 38% .

R2 TEAZBWFEH« b TH R, TEESKNER LS

Tab.2 Comparison between calculated and observed R, based on different a and b

ES @3 ZLES Y o MAE/(MJ +m=2-d=1)  RMSE/(MJ] -m=2.d-1) R./Ry R
FAO #UH a=0.250,b =0.500 2.52 5.13 6. 68 1.233 8 0.865 8
T/ N3 R a=0.261,b=0.305 0.71 3.52 4. 40 1. 066 1 0. 869 4
AL R a=0.253,b=0.320 0. 66 2.29 4.49 1.061 2 0.870 6
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Fig.2  Yearly variation of total solar radiation in Huaibei

plain in 1955—2014
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Tab.3 Sunshine percentage of typical meteorological
stations in 1955—2014. %
i E=s S *Z X7 LAE
1l 53.13 50. 83 54.02 50.32 52.07
e 52.18 51.59 52.92 49.21 51.47
T B 51.66 51.06 54.73 51.40 52.21
=i 45.97 48.06 48.31 44.30 46. 66
L 46.76 47.76 49. 83 45.71 47.51
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Fig.3 Accumulative departure curves of total solar
radiation in Huaibei plain in 1955—2014
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Tab.4 Average total solar radiation in 1955—2014 in
each station in Huaibei plain MJ/m?

HE &S T XZ AR
il 1375.24  1520.28  985.51 734,47 4615.50
2 1370.74 1529.11  988.42  740.78 4 629. 05
i 1367.09 1522.76 1005.46  757.43 4652.73
[i3:) 1323.21  1486.02  982.26  741.24 4532.73
LB 1316.71 1489.91  972.08  734.07 4512.77
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Fig.4 Monthly distribution of daily averaged solar
radiation in Huaibei plain
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