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Fig. 1. The uncertainty of C2 estimated by model under

different stability parameter.
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RMSE 0.41 0.29 0.40
Ray 0.61 0.90 0.67
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J& I (simulating annealing-back propagation,
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BP #1248 & 28RN E 6 Frn, G AR R E
JZDL SRS AN E I L AR A S
SE 8% R, Ml EA— . HhRSET
FITHE AR
L < /T-(0+3)+1, (35)
A, 1, O HF i AR )2 0975 580G Le
SERRE R 2 TTI B R EL. i (35) R B
JEATAN L B 6 R AURAEM 222 ] i ft
Do R A AR e PE A% 8 s %k, SA-BP IR GH &
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H,
FE

2

GBI T
TSR

P = g(exp(At'/kT)))

B, HAG ARG Y& ek F5E M. 78 R e 5 Sl g
23 2 C2ERZkrh, BEHR 17 S Z Ml SRt Fl4x
) 6 2% B 2% I BAR B0 AIE SA-BP AR 1) C2
FHI (13) X RMSE Fil Ry /N iEAG AL bR, F
5 HMNSP99 #M RS04k A 20 Tatarski J777%
T3 C2 B AT A, 26 2 J2 6 450 O2 R4k
5 SA-BP il F1 HMNSPOO £t 8 i) C2 Ji £k & &
LEXt, SA-BP Tl i1 C2 R 2k Lk HMNSP99 £ 51y
C2 JER4% T 3 ) 2.

Input layer

Altitud,
rude Hidden layer

Temperature

Pressure
Output
. layer
Humidity
y ) 1gCh
Wind velocity

Wind direction (HN: hidden node)

Pretrained weight
distributions and thresholds

Kl 6 SA-BP tfi £ 45 i) 45 H 14
Fig. 6. SA-BP neural network architecture.
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Fig. 7. Block diagram of the SA-BP neural network.
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TARES P19, TREE R T — AR BRDG2: / 414 K3
i im e ek SRR s b AR B, & H 25
BRI 5 ] 4 25 e A R SCRIFSE Y 583

I JUARAE [ 5 H AR P22 55 4 v (=14 AfF o
USRI H ST, TR T RIRCR SCEREF AR
P 0 — o P XU T S B O 2 i T R R Y
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KA It B i FF R TR B i
W 2% 3% . WRE Fl Polar WRE 45 Z2 R J7 15 X p #
7 L1l 3 b TAT R RO 27 T O 0 B8 A4ty 35 R i 41
5 1235T58] A e IR S 1 Yo i S XAy B v A U e
KA W r] A7 & U f# F Polar WREF 45
025 Bk T+ 53 B A K o 0 b 1T €2 B s ] 1) A2 A
SRy TR T P A R i AT 2 i D ) s A8 A DA K
= it I I 25 A AT AR B AT g PO-OU (18] 8).
Tatarski A 20 (23) A T Bt Dome AR €
i) M7 BE epwim (1] 9). BEAR A 1Y epwiv 555
28 R Ry 2 07 AR 22 (RMSE) F1AH ¢ & %
(R,,) 735 0.42 F1 0.81. ZEWRZE X BT Y/ firh % 75
Wity Bt 2T i i B

5 o5 REE

KAV A i £ 2 A A = | 5=

HHKRSZE=AFEKE. AFGL AMOS Rt 3
A AL K05 1 CF B R 2 B, e 1 1
TR AN, SR R B A PR i KR it A
HBF5E- O2 kst g 1 BRIt ek ik
B C2 B2 tbial, REJ5 8 B3 A P | S5
1 AT IR S G R G M ) S AL (R4

IO AN B S Wi o A R TR AR AR AN o0 R RRAE, HUBE
FHTAH R B3 | RSN IO ALtk By vk
AL

% 57 7F Kolmogorov jiit it FRIS Fe Al 2 &4
WA RSEN CL B, AR RSG5 E
Hu T C2 ML Tatarski 232U C2 BRZe; DL R
RGBS TR I E R S 4 SR
Cr Z AT R CF ;. R T Hs K 5 i pfr 22
P 28 At B RN T4 C2 A S 56 77 T ) 3RAFAH S i .
EVER A SR R G 240 I O AL R 58 424
TR, il 295 R T AR N 1) S B T it Ak
MEBAT TR IR A

6 B2 5 FN Bulk 7212 FAR U X HO6HiAE o5
F= T I 3 b T i A T AR SR R O BRI
A T AT HR TEDRERE B | b T /7 3R A IR
T A5 A S X D A 0 2 ) S 0, (X R T P A
RNy R S N L P R N W e e e G 5
R RS, X 2 RIS BE AR/ . PRI KA
TR, T AR BE AN K, TR | A A i 0
ZAR K, X6 A H Bulk kA B LA R
P TEAE I U A C2 L s AR IR A AT
1 C2 5 B /2 LA JLAN S5, 7KSF345T i ik 43
KB AEER R ZE. T EAEIE A T HRImEN
FYE 2% T i KA A2 S A BLS A Y, R
MRS E RS, Al 538 53 AR (L R
5, AFRAW.

Tatarski 22701 Masciadri 8 F LS R S8
AN C2 R Lk, #5255 T (15) 3 Kolmogorov
B T i BT . R T TP AR L T T 44T L KBRS ST
EBE T, B U R e Ml er | 78 B an faf 145
RAERKRESIMNUE Lo, XA E Tatarski A5
W) Lo, J& NSEIEHEAU A AL IR AR BE | XGRS
a5 Lo R, 158 — RIS 4L
AR AN Dewan #2558, HMNSP99 ££58;. Coulman

#2645 C2 B4 S SA-BP Filll Al HMNSPO9 f555 1 C2 ERLk & ht X (RMSE/ Ry )

Table 2. Quantitative comparison of 6 measured C2 profiles with prediction by SA-BP and by HMNSP99 (RMSE/ Ryy ).
Kkdms Has HY FRas i [a] HMNSP99 (RMSE/ Ry ) SA-BP (RMSE/ Rzy )

1 13/08/2020 20:03 1.30/0.65 0.49/0.72

2 14/08,/2020 20:11 1.24/0.61 0.67/0.72

3 15/08,/2020 20:05 1.34/0.43 0.75/0.77

4 20/08,/2020 07:25 0.76/0.47 0.46/0.71

5 21/08,/2020 07:17 0.74/0.76 0.43/0.80

6 22/08/2020 07:10 0.76,/0.50 0.36/0.83
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Fig. 8. Polar WRF simulated diurnal evolution of C? at 2 m above model surface of Antarctic Plateau on 30 January, 2014 (UTC),
represented by colors.The contours represent the terrain height(m). There are red arrows drawn with a tail at the center of the Sun
symbol; the direction of each arrow indicates the direction of sunlight. The black stars show the location of the Taishan Station.

The interval of the gray concentric circles representing the latitudes is 5°.
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literature [55]).
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Abstract

Stratification is a significant characteristic of atmospheric turbulence, especially high-altitude turbulence.
At a fixed height, the real optical turbulence value fluctuates by 1-2 orders of magnitude or even greater on the
average value. The turbulence profile model based on the observed data is a statistical average result. It can
neither represent the stratification characteristics of an actual atmospheric turbulence profile nor have the
prediction function, and can not fully meet the demand of optical engineering. Owing to the limitation of the
capacity and speed of the computer, it is impossible to solve the Navier Stokes equation through direct
numerical simulation (DNS) and large eddy simulation (LES) to predict the optical turbulence. The solution is
to predict the conventional gas parameters through the mesoscale weather numerical prediction model MM5/
WREF, and then calculate the turbulence parameters through the turbulence parameterization scheme. In this
paper, the prediction methods and research results of C? in surface layer,boundary layer and free atmosphere
layer are introduced. Tatarski formula is derived in detail from the turbulence kinetic energy prediction
equation and the temperature fluctuation variance prediction equation, and the physical meaning and applicable
conditions of the formula are summarized. The latest research progress of neural network prediction and
Antarctic astronomical site selection is mainly introduced. The characteristics and differences among different
models, such as the empirical model fitted with experimental data, the parameter model with conventional
meteorological parameters based on Kolmogorov turbulence theory, the prediction model related to mesoscale
meteorological model, and the neural network method based on data driving and so on, are analyzed. It is
emphasized that Kolmogorov turbulence theory is the theoretical basis of the existing atmospheric optical

turbulence parameter models.

Keywords: atmospheric optical turbulence, turbulence model, Tatarski formula, neural network prediction of

C2, astronomical site selection
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