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Fig. 1. The circuit diagram of turbulent meteorologi-

cal sounding instrument.
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Fig. 2. Comparison of observed and estimated outer scale profiles. The panels (a)—(f) represent 1#—6#

balloon launches respectively.
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Fig. 3. Profiles of (a) wind shear, (b) temperature gradient, (c) the refractive index structure parameter

(C2) for 1# balloon sounding.
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Fig. 4. Same as Fig. 3, but for 2# balloon sounding.
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Fig. 5. Same as Fig. 3, but for 3# balloon sounding.
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Fig. 6. Same as Fig. 3, but for 4# balloon sounding.
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Fig. 7. Same as Fig. 3, but for 5# balloon sounding.

014206-8



http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 1 (2018) 014206

35
(a)

N
o
I
I

Altitude/km

—
S
I
I

10 [~ —

(b) ()

C? sea model

1
0.01 0.1 —0.01
S/s—1

0

dT/dh/km~!

10—20 10—19 10—18 10—17 10—16
Cz/m’2/3

0.01 0.02

K8 [K3 (6# WESEK)

Fig. 8. Same as Fig. 3, but for 64 balloon sounding.

5 BEA L EEZ A oAt
5.1 HimnINRERNEEERIXTEE T4

B X B & /44 T Dewan#h R i 2,
HMNSP99 4} R A% AT Coulman #h R EA S, [H]
IR G 15 2 T B A T R E % 4 AR
JEZ A W9 FR, Jid4Eix PUahoh ROEE AR
AT BB A REEAL AR, AT LA, sl i 7 R
FEH— I R e B A, B9 (a)—(f) 43 516 A i
WL 1464 S5 3FK. Coulman AP R ERE T
NEHRRSH, AU & BRI R, SO R 22
— BN IO 2R, O HBRAE 8.5 km &b
B, 29084 m. AR ZE FRK. FEXRE,
Dewan, HMNSP99 1% 4 4 R EE 2 56 A AR E
AEEAR L MAEMCTFR)Z, Dewan 4h R FERE A
BB B B OR T S R A, RAR R Bk
I, HMNSP99 1y 44 4h REE 4 58 v U e I HH L
TP — 8, FORTESR S & AP E— e E R

5.2 % C2 BRI E BN

R L3 1 DY A b ROE A X 20 ) T T Al 5
ARSI GG H R CL, R 10 fror,

B 10 (a)—(f) 23 3l %oF B Ay e B () 1#—64 R 5 S
Bk, TLAE B, KA MRS ARG F 4Rk
R/, Coulman 1 3 Al Dewan #5 = 12 AR K.
Dewan 15 2 1) 4t B H 4K 5K — 22 1) Coulman
B il AR R R B /N — 2 540 RUBE (1) AR AL ARRAE
FEABL, 7E 17 km AR R B TR, C2 fH A —A
SURIAS N AR ARRAE. (H N C2 BB A SR AR AL
kA, B PR o R B Al S B —
B, M AU

ST T W B 4 B A IR T B, S
KHTHME (AVG). i % (BIAS). 377 1Ri% %
(RMSE)\ tHK R E (Ryy) TR R (MAE)
FSF AR R 22 (M RE) 75AN e it & 5 log, (C2)
BEAT SR04, F DA SR PP iz DO i ASE 2ty 5 45 2R
R ECSE AT SERL.

1 1
AVG = ;’L:E - Xi) or EZ:E - }/;‘, (15)
BIAS =X -Y, (16)
1 9
MSE = | = X, - Y37, 1
RMS $n§_lj< ) (17)

014206-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 2 48 Acta Phys. Sin.

Vol. 67, No. 1 (2018) 014206

n
> (%= X) (1 7) MRE =
Ry = ——= . (18)
- 2 — — 2
Y (Xi—X) Y (i-Y)
i=1 i=1
— |X; - Y|
MAE =Y ———=, (19)
i=1 n
35
| (b)
g g
< <
z z
10210t 10° iol 162 10%
Lo/m
40
Maoming (d)
35
30
s B0 £
SO <
15
10} Zul
53  HMNSP99
5 —

10

respectively.

-210-110°

Lo/m

B9 DURPSNRUSEAR oAl SR AEL Y L

Pt

10!

102 103

0
10-2 10! 10°

MAFE

i=1

% 100%,

D

Xi

n

(20)

Hn AZE PN XiRRBiNE

FE b log,o (C2) i MW, Y; 365 556 A i JE b

fE A AR P 24 R

10!
Lo/m

014206-10

Altitude/km

Altitude/km

103

35

30 -

25—

20 —

15—

10

0
10-2 10! 10°

—

J—
= ——

10!
Lo/m

(a)—(f) 2P WIFTR 1464 A5k

Fig. 9. Comparison of outer scales estimated by four models. The panels (a)—(f) represent 1#-6# balloon launches

102

108

log,o (C2) W8 R Al 558, X FY 4 51 22 77 0


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) 3 2 ]  Acta Phys. Sin. Vol. 67, No. 1 (2018) 014206

35 35 30
(a) (b) ©
30 HMNSP99 o5 L
25
20 —
E g g L
< 20 ¢ i i
< < <
=} =} = 15—
- + +
< 15 < < r
10
10
5 —
5
0 = 0 et
1021 10~' 10~'7 107! 10~ 10721 107 10-'" 10~% 101 1020 10-'8 10~ 10~ 10°'2
C2/m~2/3 Cr/m~2/3 Cr/m=2/3
40 35
d f
F (d) L HMNSP99 ®
35—
30 -
25 =
g g g
2 - o2 2
~ ~ ~
< 20 < 3
= = =
= - = =
< < <
15
- Observe \ ‘
aomin
10 = s
- Dewan
5
0 B E 0 il 0 -
1021 10-19 10-17 10-15 1013 1020 1018 10-16 1014 1020 1018 10-16 1014
C2/m-2/3 C2/m—2/3 C2/m—2/3

B 10 FIAHPASNRERERMGHEK C2 K (a)—f) 53R 14#—6# HREKER
Fig. 10. Comparison of C?2 estimated by four outer scale models. The panels (a)—(f) represent 1#—6#

balloon launches respectively.
XEF 14— 6 PR2SER, R DO FR AR RS 2 MAERMMRE W32 37, R8N 6 MR
i 5 1 log, (C2) M1 AVG, BIAS, RMSE, Ry, TIEEARGE T 3 AT
2 DURMREERIR AR 14 H2 TRk logy o (C2) MGG SH7

Table 2. Statistical analysis for estimation of log; (C%) by using four outer scale models for 1# balloon sounding.

Balloon number Parameterization AVG BIAS RMSE Ray MAE MRE
Dewan —16.658 0.872 1.335 0.664 1.067 6.093%

14 HMNSP99 —17.045 0.485 0.856 0.650 0.671 3.819%
Maoming —17.396 0.134 0.625 0.719 0.480 2.736%

Coulman —17.183 0.347 0.890 0.585 0.721 4.112%
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£3 [FER2 24 WESIR)
Table 3. Same as Table 2, but for 2# balloon sounding.

Balloon number Parameterization AVG BIAS RMSE Ryy MAE MRE
Dewan —16.849 0.337 0.922 0.485 0.769 4.473%
HMNSP99 —17.500 —0.314 0.845 0.615 0.642 3.732%
2#
Maoming —17.174 0.012 0.610 0.624 0.499 2.901%
Coulman —17.721 —0.535 1.078 0.545 0.846 4.921%
F4 FR2 (B4 RTAIR)
Table 4. Same as Table 2, but for 3# balloon sounding.
Balloon number Parameterization AVG BIAS RMSE Ryy MAE MRE
Dewan —16.541 0.721 1.237 0.451 1.002 5.804%
HMNSP99 —16.669 0.593 0.873 0.620 0.724 4.195%
3#
Maoming —16.949 0.313 0.680 0.694 0.566 3.277%
Coulman —17.087 0.175 0.826 0.511 0.662 3.838%
5 A2 (44 AETIR)
Table 5. Same as Table 2, but for 4# balloon sounding.
Balloon number Parameterization AVG BIAS RMSE Ray MAE MRE
Dewan —16.877 0.764 1.347 0.512 1.082 6.118%
HMNSP99 —17.802 —0.161 0.762 0.728 0.593 3.360%
47
Maoming —17.210 0.431 0.671 0.804 0.571 3.236%
Coulman —17.182 0.459 0.911 0.584 0.804 4.559%
F6 [FIFE2(5# HERER)
Table 6. Same as Table 2, but for 5# balloon sounding.
Balloon number Parameterization AVG BIAS RMSE Rayy MAFE MRE
Dewan —16.546 0.398 0.931 0.498 0.750 4.424%
HMNSP99 —16.754 0.190 0.610 0.613 0.467 2.757%
oF#
Maoming —16.701 0.243 0.619 0.666 0.411 2.512%
Coulman —17.565 —0.621 1.156 0.463 0.894 5.277%
T FER2 (6# WTHEK)
Table 7. Same as Table 2, but for 6# balloon sounding.
Balloon number Parameterization AVG BIAS RMSE Ray MAE MRE
Dewan —16.601 0.814 1.191 0.578 0.959 5.510%
HMNSP99 —16.857 0.558 0.809 0.647 0.655 3.760%
6#
Maoming —17.131 0.284 0.552 0.813 0.458 2.629%
Coulman —17.088 0.327 0.815 0.532 0.668 3.834%
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#8426 MRS
Table 8. Same as Table 2, but for all 6 balloon soundings.

Balloon number Parameterization AVG BIAS RMSE Ry MAE MRE
Dewan —16.873 0.598 0.874 0.763 0.943 5.439%

All 6 HMNSP99 —17.352 0.119 0.525 0.848 0.627 3.612%
Maoming —17.236 0.235 0.371 0.924 0.514 2.963%

Coulman —17.331 0.140 0.633 0.651 0.766 4.417%
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—16.944 A1 —17.415, BT A 6 A 48 25 = 2R W W 1)
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Abstract

Atmospheric optical turbulence severely restricts the performances of electro-optical systems. The turbulent atmo-
sphere causes the intensity of a light beam to fluctuate or scintillate, leads the light beam to wander and makes the
images randomly displace, which directly relates to the refractive index structure parameter C2. Therefore the knowl-
edge of C? is essential to evaluate and to predict the effects of optical turbulence on electro-optical imagery systems.
During the period from December 13, 2016 to January 2, 2017, 30 sets of sounding data, which include temperatures,
humidities, pressures, wind speeds, wind directions and atmospheric refractive index structure parameters, are obtained
by using a self-developed meteorological radiosonde for turbulence at Marine Meteorological Science Experiment Base
at Bohe of Maoming. On the basis of the HMNSP99 outer scale model, an atmospheric optical turbulence outer scale
formula of Maoming is obtained by fitting the sounding data. At the same time, the experimental data of the turbulence
profiles are statistically averaged, and then based on the Hufnagel-Valley model, a statistical model is obtained, which
is appropriate to the variation of the turbulence profile on the coast. According to Tatarski turbulence parameterization
and the Maoming outer scale formula, the new estimated C2 values are compared with their experimental observations
and the results from other already defined models, respectively. Statistical analysis shows that the overall correlation
coefficients of loglo(CZ) between observed values and estimated values by using the new fitting Maoming outer scale
formula, the HMNSP99 model, the Dewan model and the Coulman model are 0.924, 0.848, 0.763 and 0.651, respectively.
Also, both the trends and magnitudes for these four outer scale models are consistent with each other. The errors of the
above four outer scale models are very small: their overall average absolute errors and average relative errors are 0.514
and 2.963%, 0.627 and 3.612%, 0.943 and 5.439%, 0.766 and 4.417%, respectively, and the error of the Maoming outer
scale model is smallest. The reliabilities and validities of the new outer scale and C? models are further verified. In
addition, it is found that the occurrence of upper air optical turbulence is closely related to wind shear and temperature
gradient. The results support the prediction of the atmospheric optical turbulence profile required for electro-optical

engineering on the coast.

Keywords: coast, turbulence profile, parameterization, outer scale

PACS: 42.68.—w, 42.68.Bz, 47.27.E- DOI: 10.7498 /aps.67.20171324

* Project supported by the National Natural Science Foundation of China (Grant No. 41576185) and the Science and
Technology Innovation Foundation of the Chinese Academy of Sciences, China (Grant No. CXJJ).

1 Corresponding author. E-mail: xqwu@aiofm.ac.cn

014206-15


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20171324

	1引    言
	2湍流气象探空仪及其测量原理简介
	Fig 1

	3高空光学湍流参数化
	3.1 Tatarski光学湍流参数化方案
	3.1.1 Dewan外尺度模式
	3.1.2 HMNSP99外尺度模式
	3.1.3 Coulman外尺度模式

	3.2 海边外尺度和Cn2 模式的建立
	3.2.1 海边外尺度模式的建立
	3.2.2 海边Cn2 模式的建立


	4模式估算值与实验观测值对比分析
	Table 1
	4.1 海边外尺度模式与实验观测结果对比
	Fig 2

	4.2 茂名外尺度经验公式估算的Cn2 与实验观测结果对比
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7
	Fig 8


	5各模式估算值之间对比分析
	5.1 各湍流外尺度模式估算值的对比分析
	5.2 各Cn2 模式估算值的对比分析
	Fig 9
	Fig 10
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8


	6结    论
	References
	Abstract

