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Table 1. Brief introduction of several typical C2 profile models.
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Table 2. The 7o, erwnMm, 90, 70, h and V calculated by C% models.
ro /cm erwnm /prad 0o /urad To /ms h/m (AGL) V /(m-s?)
AFGL night 8.9 5.52 12.2 5.7 2260.7 4.9
AFGL day 7.3 6.71 4.4 3.5 5191.4 6.5
AFGL sunrise 15.3 3.21 5.3 5.3 9016.9 9.1
H-V (5/7) 5.0 9.84 6.9 1.9 2271.9 8.4
CLEAR I night 11.3 4.33 8.5 14.8 4179.1 2.4
BIECLEAR T 5.6 8.77 6.5 8.2 2684.2 2.1
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£ 3 BERXPERIZ ro (4) MHZE ro TTHR G L

Table 3. Integrated contribution of coherence length from each atmosphere layer.

AFGL night AFGL day AFGL sunrise H-V (5/7) CLEAR I night
SL/% BL/% FA/% SL/% BL/% FA/% SL/% BL/% FA/% SL/% BL/% FA/% SL/% BL/% FA/%
11.0 81.3 7.7 40.3 36.7 22.9 3.3 43.8 52.9 30.4 58.6 10.9 50.4 12.1 374

® 4 B SRARERAM 00 (i) W EEIRERA 00 STk A 1L

Table 4. Integrated contribution of isoplanatic angle from each atmosphere layer.

AFGL night AFGL day AFGL sunrise H-V (5/7) CLEAR I night
SL/% BL/% FA/% SL/% BL/% FA/% SL/% BL/% FA/% SL/% BL/% FA/% SL/% BL/% FA/%
0.0 6.5 93.5 0.0 0.4 99.6 0.0 0.7 99.3 0.0 3.3 96.6 0.4 1.7 97.4

#* 5 BIEM CLEAR I faMikiXakikat
Table 5.  Modified CLEAR I night model.

RN 1g(C2) = a + bh + ch? MHZEN  1g(C2) = a + bh + ch?

RS- 1(C2) = a+ bh + ch? + dexp {—0.5[(h — ¢)/f]*}
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123 < h < 213 2.13 < h < 10.34 10.34 < h < 30 123 < h < 213 213 < h < 10.34 10.34 < h < 30
a = -10.7025 a = -16.2897 a=-17.0577 a = -9.7025 a = -16.0897 a = -16.6577
b = -4.3507 b = 0.0335 b = -0.0449 b = -4.3507 b = 0.0435 b = -0.0449
c=0.8141 c=-0.0134 ¢ = -0.0005 ¢ = 0.6541 c=-0.0134 ¢ = -0.0005
d=0.6181 d = 0.1981
e = 15.5617 e = 15.5617
f= 3.4666 f= 3.4666
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Fig. 1. Profiles of CZ4, C2, p and (P/T2)? by models.
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Xof S ) O R 2 A A AT SRR P2, 4% Huf-
nagel-Valley /206 C2 ERZEIEATIL A, A AXTE
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C2%(h) = ah® exp(—h/c) + dexp(—h/f)

+iexp(—h/g), (13)

o, a, b, ¢, d, f, g i B9 RHG IR AN
(km). (13) A S A HE 1 BURRE B A2
TR, 5 2 WUR X2, 45 3 WUEh 2
fi it . 2 8 Frzs i b S ik s 4% 5 AR 24 4005 1Y
CrlBZ A REL T HE Zoude bk n 85 2

6 MRS KIZCE, C2 | p5(P/T?)? ik

Table 6.  Drop-off rate of C’% , C2)

p and (P/T?)2 in each atmosphere layer.

DR(C2.) DR(C2) DR(p) DR((P/T?)?)
SL BL  FA SL BL FA SL BL FA  SL BL FA
AFGL night 9.62 1137 061 1030 1205 085 043 044 070  0.68  0.69  1.46
AFGL day 67.15 1484 0.88  67.83 1553 058 043 044 070 068  0.69 146
AFGL sunrise 501 528 054 569 597 092 043 044 070  0.68  0.69  1.46
H-V (5/7) 4198 1077 076 42,62 1142 216 042 043 0.69  0.64 065  1.40
CLEAR I 1736 172 069  17.93 226 076 039 039 069 057 054 145
f41F CLEAR I 2239 322 072 2296 376 073 039 039 069 057 054 145

RTINS SEHEAFR

Table 7.  Basic information of field thermosonde.

[HES 26.41°N, 100.01°E 3237 32.45 1 7 8
P 29.39°N, 91.08°E 3660 31.19 4 7 11
KEEH. 37.44°N, 95.20°E 3183 37.00 12 13 25
%44 21.27°N, 111.18°E 11 35.56 7 4 11
RN 36.46°N, 122.11°E 80 31.37 7 6 13
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8 5 AN EEATHIA R C2 B AR
Table 8.  Coefficient of C2 formula fitted by arithmetic average of five sites.
a b c d f i g
BEL 1x 10740 33.31  0.393 6.2 x 10717 6.45 1.95 x 1015 0.0871
A 2.29 x 1022 9.10 1.227 6.62 x 10~17 10.468 2.50 x 1016 0.0247
KEEH 4.45 x 10718 3.59 1.81 3.88 x 10~17 13.24 7.14 x 10~16 0.0459
%4 5.65 x 1020 5.46 2.31 2.12 x 10~16 5.02 1.4 x 10~15 0.305
R 3.24 x 1024 1320  0.767 1.58 x 10~16 7.37 5.68 x 1015 0.0073
FO S O2 BRI IE G PR X (Rag-Square)
Table 9.  Adjusted R square of fitting C2 profile.
T A KR %4 TR
C%/m—Q/S 0.773 0.798 0.834 0.704 0.874
40 40 40
g 3L mEWN s 3¢ TuBE £ 36f KIEH
4 F -4 F v F
= 32} = 32f = 32}
Q C Q r [0} C
E 28 3 E 28 3 E 28 3
@ 24F @ 24t g 24F
a 20 r a 20 g a 20 r
g 16 £ g 16 £ g 16 £
5 2 s 2l T 12t
% 8 % 8f % 8f
(] r (] r (] r
T 4F = 4Ff = 4F
0 . . N 0 . . . . 0 . . . .
10-19 10-18 10-17 10-16 10-15 10-14 10-19 10-18 10-17 1016 10-15 10-14 10-19 10-18 10-17 10-16 10-15 10-14
eH (o5} ch
40 40 40
g 36 &4 g 36F WK g 36F
=4 F < F A L
= 32} = 32} = 32F
(0] r [©] F (0] r
E 28 3 E 28 F EJ 28 E
s 24F s 24F s 24F
g 20 3 % 20 3 % 20 3
16 F 16 F 16 F
EOF £ r £t
< 12f < o12f T 12f
= 8f = 8f = 8f
Q ' Q L Q '
T 4 T 4 T 4
100—19 10.—18 10.—17 10.—16 10—15 10—14 1%—19 10.—18 10.—17 10.—16 10.—15 10—14 100 19 10 18 10 17 10— 16\10 15 10—14

CZ

& 2

C? c?

5 A2 5 C2 SN AL B 1 L

Fig. 2. Comparison of C2 measured and fitting profiles of five sites.

B RS IE P R B (adjusted R square) W& 9.
Bl 2 TR 5 A SEES s O S FHELA BR 2 i b At

JUAFEHEESERFEHELEITEBD
ro, erwnm, 00, To, RFDV HLLER
T A0 GV T 5 A S s SRR Y B LA L]
FEIE LI E M ro, erwnm, o, 70, RFTV . ATLA
A, 5 IR AR O R 23R 1Y ro 29 2
JUPFRBIER B — o 2 —, Wk &, O AN
BIRZ Le JUAmT P Y ERE K2y 3 .

4.2

4.3 S5 LWREREHEELC:, C2Rp5

(P/T?) Hyis m &

K 3 TR 5 A S U AR B B COF
C2 R p 5 (P/T?)*(BIZ%. 43 5HL 0—60 m, 60 m—
2 km ., VR EBE 1826 km, ¢ (12) T
)2 I RE AERZ C2 5 C2 LUK p, (P/T?)?

IR, £ 1L T 5 NS4 KAZE CF,
CM&p‘ﬁ(P/TQ) JER K 3 D5
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Table 10.

F10 5 ERRAAT R A ro , erwim, 00, 70, ATV

The ro, erwnMm, 0o, 70, h and V calculated by Cﬁ profiles from arithmetic average and geometric average

in five sites.

ro /cm erwnaM /prad 0o /urad To /ms h /km (AGL) V /(ms)
/A UM C¥N JUAAr "A S JUT AR U AR JUAar A JUpar
w3l 110 182 4.5 2.7 52 109 1.6 3.0 6.674 5.268 22.2 19.1
A 6.4 9.8 7.7 5.1 1.7 2.8 1.7 2.7 11.533 11.063 11.9 115
KR 6.6 14.9 7.5 3.3 2.0 4.8 0.9 2.2 10.172 9.659 22.2 21.8
%4 3.1 7.6 15.7 6.5 0.8 2.0 0.6 1.5 12.993 11.775 17.3 15.9
R, 5.3 9.1 9.2 5.4 1.8 3.5 0.7 1.5 9.454 8.179 23.0 19.7
R STREFEKRRIZCE, C2 UK p 5 (P/T?)2 BEREINR
Table 11.  Drop-off rate of C2., C2 | p and (P/T?)? in each atmosphere layer of five sites.
2\2
FA DR(CZ) DR(C2) DR(p) DR((P/T?)%)
\/b
T SL BL FA SL BL FA SL BL FA SL BL FA
mEEN 5.46 3.01 -0.71 6.23 3.72 0.95 0.41 0.46 0.77 0.61 0.72 1.66
hig# 9.95 -0.80 -0.61 10.65 -0.18 0.99 0.40 0.41 0.74 0.56 0.59 1.60
p s 21.49 0.03 -0.67 22.87 0.61 0.97 0.41 0.40 0.76 0.64 0.55 1.64
¥4 18.07 2.94 0.91 19.21 3.80 0.79 0.43 0.47 0.77 0.70 0.85 1.70
R, 63.52 0.88 —0.48 66.59 1.71 0.99 0.44 0.47 0.71 0.71 0.82 1.47
40 40
& 3o} & o} \ —
= 82 = 82 — — fug#
z 28f z 28f —'ﬁiﬁéﬂ
= g = . F 3
§ 24 F g 24 F Bk
a 20 F o 20 F
g 16F g 16 F
~ 12 F ~ 12 F
= St % S|
o 4f £ oaf
0 . . . . 0 . . . . . .
10-5  10-* 1073  10~%  10-! 100 10-20 1019 10-18 10-17 1016 10-15 10-14
C#/("C2m=2/3) Ch/m=2/3
40 40
g 36 3 AN — EEW g 36 o — EEW
2 ok —— firpE < ok ' — i
5 2 — o 5 2 S — eH
g 28} 14, 5 28f ; 14,
s 24F — Rk o 24F - R
a 20 F o 20 F
g 16 F g 16 F
~ 12 F ~ 12 F !
o 8 S 8t \
z 4f T 4f
0 . . : 0 . . . . .
10-3 10-2 10-1 100 10-9 10-% 10-7 10-6¢ 10-5 10-*
p/(kg:m=3) (P/T2)?
3 BEWRCE, C2, p 5 (P/T?)?HERL
Fig. 3. Profiles of CZ, C2 , p and (P/T?)? by measured in five sites.
5 W54k C? = 8.2 x 107252110 exp(—h) + 2.7 x 1016
R x exp(—h/1.5) + Aexp(—h/0.1) 14
51 HV(5/T) BatH— R T " W
1
e e g e 2 _ 2 =R =]
H-V(5/7) Bt B i — i, e SVTWE = g5 [0 VIR, VIRIUGE (m/s), b
#JF B Hufnagel- Valley #5{: MR T (km). ZAEAEH 2 24 BIE 2 K
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BV EHICERZZEXZ C2 RN, S5 A 51
IR P2 CR R/ 2 W =21, A = 1.7 x
1014 m 23, (14) sHECN H-V(5/7) #5:8. Hufnagel-
Valley B 7E 10 km &b CEAAAE 1 AMIEAE, 54
JEE b DX 2 VG RUECTEAT 1 RE I, % 2 T B 3+ B
R 3R T 2 ORI AR A A A 1o s 5t KU A6 U
S N A SR A 5 SIS AT A A A 2 1y 12,
bz 20 Z R . =t (13) J2 izt A e X
PIA A 28 FRT S B s S TR 181, T B g
12 Hufnagel AR 2 BERIS, 5 W 4G
HHYEU AFGL AMOS B IR EATF 1) 5
XA RGE T 1 - s b O Dt s oA
FAFF. H-V(5/7) B 5 K I RS-0 )2 C2 1
TR U G A AR s DB, C2 R X2 A
Wi 5 I — AN A s T ik, SR A
FEEE. X B/ 12 0 FH oK BE BRI 7E 24 km
S A . B X RE, 78 1524 km 85 BBl 9 C2 Bt
T AR AR A A7 SE.

Hufnagel 53X 55 — 4™ 1 2 38 i 1 4 )2 ro
60 M B A, B I AN R 3R AR B ro, SRR
{8 C2 B2k 16181, b TAR AT % 18 [ th RS2 T
T2 o WY L, RO R R AN SR PR H R
JZE T 5 )2 o B FLEEHIG, W H-V(5/7) BB
FEH B RAZIFAGE 11% (W4 3), W R Y H
KR T B2k S AEAEAR KON o 1k

25 B, A SO H-V(5/7) BER AR EEAR X
PG A (13) A E, T2 P BE LA iz X 1 L
PEAE A [ AR TP 28 3 3 X N SRR A BRI 25
Bl FERABE RGN MR B 1 T SR

5.2 CAMEHARAILATHERLER

AR, SR B RO, N AR R TR
PN, 15 IS0 i a2 7 2. PR {ERT R
BSHUEBUR, [0 R(EMmAS. MLMFE%0E N AR
T EEARAN n IR, 38 A AEFAR A Kl ]
22 F 56 28 I RAIR AR 9724 32 B oM (B A 2 i
AARFEEEUN, AR R RI P RME. JLTF
HPBU R ANF SR T AT 1) C2 i B
I X O R B ER A A T SR sl LT
oy BAU A AL, (AR ZHOER A AR, CF B
LR R MR AR 2 UG B 218 CF 2

EFEG, K/AMN1078—1071925 7 A~ g A1k,
T8 R ATEOE S S0 AR L3158
WA TP ELR) O R E U T 5

M 10 FTE Y, ARV O 4t 5 ro 2y
UL — 5y 2 —. LAK S B2 1],
RETRER 25 WK CLIR AR 3 {8 ro S2 MR R 2 B £ 7
] 4 RS HA FRLIRIRES CL IR AR E ro 5714
JER AR E B XS, AR BRRIRZS H ] 51, JL
Al SRR B ) o =14.9 cm, BRI ELZ 11
B ro=6.6 cm. TR RRRERES 1 ro 240G 0L E
R B AT AR o .

R 2T T BUE S A 1 C2 ANTE AR
FIUREY? gy i i BB EZEH 2 —,
S TR G H T AR X A RSO ES
B (4)—(7) A, B B CR U R 5 & b
K VIR = B R AN, TH3E M ro, erwnm, fo,
TS RAOCFZSE T3 2 02 = 25 i U 1 35
fiE, Lhro R, Be/NEY CRABAESKFN T BT o L AR
/N, BB ro BRI C2AETTHR. I T-34(E
Ti] FAE A B8 14 S AT 4 B A5 B 1) o BEAF 5 S50
S5, T S S B LA -4 R RT R iE N T
K CAEXTFRAHE R TTHK, 15 2009 ro 5 SEI0 25 AL
e

22-07:03:36
21-19:54:59
21-07:09:05
20-06:59:12
18-20:37:36
18-07:11:26
13-20:00:17
13-07:04:30
12-19:58:39
12-07:18:44
10-20:03:44
10-07:01:17

PR PEAFRPIEOPP
WONOEOEONO = ON
o
o
w
>

0 2 4 6 8 10 12 14 16 18 20 22 24 26

ro/cm

4 REEH A BRIRES C2 IR FOME ro 5 F YL
SHE Y H X
Fig. 4. Comparison between rg of each sounding profile

and ro of fitting profle in Dachaidan.

5.3 RERECREESE—HIBRE
MR- 2 KA — M sz Hh K i RO S R 4k
RS2, AR B AE A EHZ E AR 4
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12 BRI R 2 A s

Table 12.  Drop-off rate of model profile and measured profile in low stratosphere.

Model AFGL night AFGL day AFGL sunrise H-V(5/7) CLEAR I f#IECLEAR #36i Bigh KEEH &8 R
ASL/km 2529 2529 2529 17—23  25—29  25—29  18—26 18—26 18—26 18—26 18—26
DR(C2) 0.85 0.58 0.92 0.76 0.73 095 099 097 079 0.99
DR(C2.) -0.61 -0.88 —0.54 -0.69 -0.72 071 -0.61 -0.67 —0.91 -0.48
DR(p) 0.70 0.70 0.70 0.69 0.69 077 0.74 076 077 0.71

DR((P/T?)?) 1.46 1.46 1.46 1.45 1.45 1.66 160 1.64 1.70 147
3.5

RIS . il SRR A BB AR
I FE )k X e SR 7E Kelvin Helmholtz A
R SOOI E I A5 B R R B . AT )=
C2 BETAG Y1356 18227 Balaley!" 994 T 545
TRV BRIE S AEAN 6] 26 B I £ 1) C2 AR ZE T
(35 I%, Battles 55 10 7347 1 15—25 km AP
JZF G2 p i I B2 B2 i A8 Ab. e Iy
45 T0°N FIMILEF 10°N, KR FH B a1 C2 H p? i
VPR TR 2 TR Y C2 3B R, 5 p? 3B R A
WP Z B 2E IE-14%—17% ZI]. e
HIIZ C2 2 H 8k, Bfirm AL

12 8 TR B RS B Lk €2, CF p
55 (P/T?)2 FEAR - 90 2 HH 6 L 4 1 4 755 B (ASL)
T N Y3983 DR(AB/km).

M 12 IR R T LUE ), g2 LA
B CAREE, 3802 54> CF e R 2k, B/ A -2
C2 I H BOX — B 8 B RLAT.. 55 300 1 v A i )2 it
A EL, AR ORI B AR AT U2 OF 13 15 %
£ 0.5—0.9 dB/km &R, IR IFEIFA K, C2HY
HUECRAE 0.6 1.1 dB/km #&R, H-V(5/7)
Gh. HTRTEIZE T CR bR F 2l CF 383 2/
(P/T?)? B IR SE , (P/T?)* 5 p* i A A Y,
£ 1.5—1.7 dB/km #24K, LK T CZ YB3, X
EAFAE R I S 22 S, (AR EE ) SR
ARAER R PR A T i S B C2 b 1 AT AR, C2 1
W ICRE EAE 1 dB/km A2 AELR.

P 5 AR STk [10,19] KB B AR i
D % A X 8 0 S B 2 ©O2 356 ik 2 i 25 3 10 7
fb. G TR TAEDE BOS ik, S5 2s il 5
(A3 £T AT RT LI B 1) C2 AN HHTE], A0 He.
£ 20°N—40°N, & H-V(5/7) 41, C2 3% Ik = AF
1 dB/km ZE 4758 AR, SCHR [10] #4255 A9 326 08 %
PN

J = Jicamarca*
A = Arecibo*

Cl = Clear I night
R =2k
AF = AFGL night D = k4&H

LN M= i PL = Platteville*
G = mEl S =SOUSY*
o L = fip# P = Poker*
1 L A HV =HV(5/7) C = Chalanika*
g 25 Ma = Maui#
=i HV W = WSMR#
% [ ] Was = Westford#
- 20
N,\: S
)
g L5r M W
A » & P-\I
R Was C
1.0 F . —~
AF &G L] p PL
0.5 1 II\A Ile 1 1 1 1
10 20 30 40 50 60 70
4/ ()

5 ARERHIRE WG IE 0 ZE C2 3 R b 4
AR (fF s TR B, #RR ORIR =, 400 3k
H 3Tk [10, 19])

Fig. 5. Variation of C2 lapse rate of low stratosphere with
latitude measured by meteorological rada and thermosonde
(*refers to meteorological radar measurement, # refers to
thermosonde, data are from Ref. [10, 19]).

54 % it

TERT OB LLAME B, KAGTHTRBENLE K
FEIE i TR ERAR T DR A I, R KA
N NIRRT € 2 Y G IR EI DAY iy
LA BHOEOK, H O kR, R i 2y
JeH RGPERE IR G R Z —. JIIE T CLI
23341, AT DA RSO im i e R G
S A SO LR AR IERY O BR AR
- KA SH & RIZB x5 2 U
TUHR 7 HE R R A IR AT T kR
CLEAR I IRt ro , 0o SRIESCHR [2]
AEF, 4 THEIER CLEAR T A ik =
ST T e RIBE . KSR EL R4 | ARSI 5
MEE, 250 T 5 S SRS 1 C
A HURR T Z A H-V(5/7) B I
JETLL |- OF i3 i PR Y Bt s M O % i JE
8 SR RIS AR T BE X — S BE 43T, T O R4k
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Abstract

Owing to the existence of atmospheric turbulence, a series of turbulence effects such as phase fluctuation
and light intensity scintillation will occur when the electromagnetic waves propagates through the atmosphere,
which seriously affects the performance of the electro-optic system, resulting in the difficulty of astronomical
observation. The atmospheric refractive index structure constant (CZ2) profile is an important parameter to
evaluate the turbulence effects. This paper summarizes several representative C2 profile models and analyzes
the data using balloon-borne microthermal probes at five sites i.e. Gaomeigu, Lhasa, Dachaidan, Maoming, and
Rongcheng. The atmospheirc optical parameters are calculated, such as coherence length, seeing, isoplanatie
angle, coherence time, equivalent height, equivalent wind speed, drop-off rate and integrated contribution from
each atmosphere layer. The formulas of five sites are developed by fitting the arithmetic average of
measurements. Several troubling basic problems such as suspicion the H-V (5/7) model, the model developed by
arithmetic average or geometric average, the problem whether there is a uniform lapse rate in the low
stratosphere, are discussed and solved. The modified CLEAR I night model is given.

Keywords: atmospheric optical turbulence, modified CLEAR I night model, C2 profile model of 5 field test
site, suspicion of the H-V(5/7) model
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