. J R c /%
* *
* *
* *
>y ®
Institute for
Environment and
Sustainabili

EUROPEAN COMMISSION

Bucharest 1 Oct. 2009 — OTEM 1

Notes on temperature-dependent lidar
equations

Mariana Adam
European Commission- Joint Research Centre
Institute for Environment and Sustainability
Climate Change Unit



[ ]
** o

* *

* * ' R ' ]

_— Outllne* M
Institute for
Environment and
Sustainability

EUROPEAN COMMISSION

Bucharest 1 Oct. 2009 — OTEM

* Temperature-dependent lidar equations

* Temperature-dependent functions for
Howard University Raman Lidar (HURL)

* Errors estimates in Water Vapor Mixing
Ratio and Aerosol Backscatter Ratio

* Theoretical consideration for WVMR

* Conclusions

* Adam, M., Notes on temperature-dependent lidar equations,
J. Atmos. Oceanic Technol., 26, 1021-1039 (2009)



% JRC  Temperature-dependent lidar ARR
EUROPEAN COMMISSION eC uations Errmen and

Bucharest 1 Oct. 2009 — OTEM
Elastic lidar:
do, (4,.7)
OL(F)AK(ZL)é(lL) FL(T)N(r) lBaer(r)
cT dQ r ' '
Rl =P 5 > exp[—ZL a(A,,r )dr}
Raman lidar:
do, (A, )

O, (r)Ax(A, )N, (r AN A
p(7 N_pCt x (r) AR (A )Ny (r) B (T) dQ) o X)mmj_f”l',,,/a N (7 Y701
1 \/UX,’} 10 2 ’,.2 CAPI J() LM\/LL A }TM\/LX A }_ILLI J

Temperature-dependent functions:
do(A,.T.7)

Z dQ £(4x) g’f(/lx,l.) - interference filter efficiency
£ (T)= do, (A7) (A dependent)
do ¢ (4y) x(A,) - all other system efficiencies
do(A, . T.x (A independent)
2 23t )
T e

3 m(d"f”’“”)]ng(zx>

n=N,,0, dQ
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Temperature-dependent formulation for Water vapor mixing ratio
(WVMR) and Aerosol Backscatter Ratio (ABR)

WVMR = (A, 4)

P
ABR=1-F, (T)+C,x(Ay,A,)F, (T) 4.r) _do

C,=0.485, C2=0.78
AT(Ays A1) =eXp{—jor[a(?iN,r')—a(ﬂH,r')]dr'} - differential transmission

xA)

K‘(;izv’/ﬁix): K(/lx)

- calibration factor
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Rayleigh backscatter differential cross section

> nz[‘w ”)lé(zx,,.)

_NZ 02

FL(T):

do, (A, 7)

PR [fdg;’ l&(zx)

(45 o, JI+1)

> ,J=0,1,2,...,
7 (21—1)(21+3)7j

(2J+1) Emt]
exp| ———

\oa), " a5 0. 2(2J+1)(27 +3)

(2J+1) Erot./
exp| — F
A T 3J(J-1) 4
Yail=2. 358 i

Ty TRy 0. 2(27 +1)(2 -1)
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Rayleigh backscatter differential Cross section

N,: £(SO)=5.9188e-033m"sr ', x(Q)=3.1416e-031msr"
0, 3(S0)=1.4266e-032msr ', 3(Q)=2.6692e-031m’sr"
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Nitrogen VR backscatter differential cross section

do (A ,.T.7)

> LT )
) =G )
dQ

E
g, (27 +1)exp(— ”’”] A

De LY L (v, =V, +Av)* KT 1 x(ﬁa'% S +1) ) J=0,1,2
g‘kasz}, iy MOTIED VA 0, 87z2cvw.,,1_eX _hev,, L7 (2J—1)(2J+3)7 e i
Pl kr
E
2J +1 _
oo\ 1127 4g"”( )CXP( KBT) h 1 3(J+1)(J+2)
S: = (Vy—V,, +AV) - X y?,J=0,1,2...,
Q) 45 0., 8LV | ( hcvw.b] 2(2J +1)(2J +3)
T
2J +1 — T
8 )GXPL BTJ h 1 37 (J 1)

: V,—V., : X y?,J=2734,..
oQ ), 45 0 87V, | ( hcvvibj 2(2J +1)(2J 1)



EUROPEAN COMMISSION
Bucharest 1 Oct. 2009 — OTEM

Nitrogen VR backscatter
differential cross section

Narrow filter:
FWHM=0.25nm

Wide filter:
FWHM=5nm

Whiteman: theoretical
Gaussian with
FWHM=0.3nm
FWHM=2nm
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Water Vapor backscatter differential cross section

(AXX +AXY)

oQ
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do,(A,,7)

WVMR P(ﬂ,H,r) FN(T)td—QGK(ﬂ“N)

WVMR = Cx (A, 4,) — AT(Ay, Ay o)
P(Ay,r) o (4,,7)
Fy (T)— 28 (4y)
dQ
200 i i 15 s 15;-::_
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2t ] 2t 1 2r
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do,(A,.7)
ABR ( 5

AT ( A A1 )
N>
P(/izv’r) do, (ﬂ’L’ﬂ-) f(ﬂ )
.
dQ
15— —:: 15 :_:?——
3 =
S P {
B 10 | — i 10 |
E { E t
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p(a,.1) B (D) 22T gy

Susfdinubih

Plher) p, (1) 20T £y

Goal: tilt filters such that Fy(T
- Is closest to unity (smalles

t
In s A~ -MA P R N7V O 7N
\©

)/Fu(T)
R)

- has the smallest variation RE)

n G
Ly (r -1y RE[%]=100—L.

ng (F)

RMS %] = 100\/

Simulations: Gaussian filters (60% maximum efficiency) with FWHM
from 0.05m to 0.5nm, T from 200 to 320K, and tilting from 0°to 3°.
Normal incidence (no tilting): N, and water vapor filters are centered
at A=386.67 nm and A=407.517 nm.
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1) ldentical filters,
no tilting

smallest RMS (3.67 %) o | o0 O] 20— 0g, |

Occurs for FWHM=O-3nm o FWHM [nm] T ' FWHM [nm] B ‘ FWHM [nm]

while the smallest RE ‘7 / / or| =0 // / ///A o1 @ \\ ¥ 01
/ / \

/1 AR O/\ Annriire nt %2@0 0.2 0.2 0.2
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FWHM=0.5 nm o O = e = i
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F\ (T F,(T) F\ (T/F(T)
deviation (MAD) for RMS . . | S
@ | | = ~-FWHM=02nm| [ FWHM=0.2nm,6=1.1°
- o - . 08t * doldQQ . . 08— defdQ
IS 6.88 % while MAD for =« G0 %] PHo s
—0.5r — doldQ 8 = 0.5[ - FWHM=0.5nm,8=0°
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HMSmin=2,8% @ FWHM=0.2nm & 6,=1.1° (A=407.484nm) FiEmin=O.15% @ FWHM=0.5nm & 0,=1.7° (A=407.437nm)

2) ldentical filters, tilting 3
only water vapor filter =

min(F‘,l\/lsmin) (2-820/0) =
occurs at 8,=1.1°and 1
FWHM=0.2 nm |

min(RE,;) (0.147%)
occurs at 6,=1.7°and o

RMS_, =2.82% @ 0,=1.1° & FWHM=0.2nm RE_, =0.147% @ 0_=1.7° &FWHM=0.5nm
<F, (T, (T)>=0.997,STD=0.0281, RE=2.82% <F,(T)/F,(T)>=0.865,STD=0.00127 RMS=13.5%
. - - 14 : : : :

Byttt 18 1@ 11 o8 0 0 e 0 0 12ph=12 13 15 18 16 17 17 17 17 17
FWHM=015 nlll 8 - 1} " T
9 )
— = 08}
E 6 £
g w06
T 18
Al 04!
0.2t
@ , o ‘_ _ | |
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 04 0.5

FWHM [nm] FWHM [nm]
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Which combination of FWHM and
04can still provide acceptable RE
(within few percentages error)?

Search local minima:
- most of the local minima occur
at the smallest FWHM (0.05 nm)

- the minimum of the local minima
(0.39 %) occurs at 6,~=1.6°and
FWHM=0.25 nm

Thus, if want using smaller filters
with RE within 1 % error =

1) RE=0.95 % for FWHM=0.15 nm and 6,=1.4°
2) RE=0.66 % for FWHM=0.20 nm and 6.,=1.5°
3) RE=0.39 % for FWHM=0.25 nm and 6.,=1.6°

REmin=O.39% @ FWHM=0.25nm

(00]

RE and RE local minima [%]

N

—
T

0

0

N

()

(67

SN

w

(@)

——0=0.8
——0=0.9]1
——0=1
—0=1.1]]
0=1.2||
6=1.3

—0=1.4|]
6=1.5
6=1.6|

0.4

FWHM [nm]

9

JRC Theoretical consideration for WVMR
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Sustainability

83°%

d
15

& 6,,=1.6° (A=407.446nm)

8_

2 o, o N

RE local minima [%]
w

(b)

FWHM=0.05

FWHM=0.05 |
FWHM=0.05
FWHM=0.05

FWHM=0.05

FWHM= 0.1

FWHM=0.15 -

FWHM= 0.2
FWHM=0.25 |
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3) Different filters, tilting only water vapor filter

RMS=14.9%,FWHM=0.2nm
200 T T :

- the smallest RMS (2.82 %)
for a N, filter with FWHM=0.2nm
and for a water vapor filter with .
FWHM=0.2nm and 6,=1.1°
- MAD of 5 % at T=320 K
- errors larger than 2 % for 20 /

0.85 08505 0.851 08515 0.852

1>290 K and T< 242 K i

- the smallest RE (0.139 %)

for a N, filter with FWHM=0.4nm **
and for a water vapor filter with
FWHM=0.5nm and 6,=1.7°
-MAD ~ 0.3 % at T=320 Kand ==
T=200 K
-errors larger than 0.2 % occur
for T>303 K and 7<214 K

Fy™

RE=0.0883%,FWHM=0.4nm

(@)

RMS=14.7%, FWHM 02nm6 =1.1°

200

220

240r

<. 260
'_

280

300

320

{b)

0.8 0825 085 0875 0.9

200
(0)

220}

240}
= 260}
'_

2801

RE=0.1 63%,FWHM=O.5nm,6H=1 7°

Fu(m

200

RMS=2.82%

JRC Theoretical consideration for WWMR /\/Q/S

16

220
240}

<. 260

=
280}

300

(©

200

1.1
F(TVF,(T)

RE=0.139%

220
240
<. 260
=
280

300

320 :
085 0855 086 0865 087

F\(TVFL(T)
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» For the experimental data analyzed:
% errors in evaluating WVMR were up to ~ 6 %
*» errors in evaluating ABR, the errors were up to ~ 1.3 % the
PBL and up to ~ 2.2 % within Cirrus clouds regions
» theoretical computations reveal:
% the best combination of the filters with the optimum tilting for
water vapor filter give a RMS ~3%, with a maximum absolute
deviation of ~7 % (not suitable when computing the WVMR)
» for small RE (profile almost constant) several combinations of
the filters can be found such that RE is smaller than 1 %
(minimum RE is found as 0.14 % while the maximum absolute
deviation is 0.30 %)
% easily RMS or RE computation for a specific combination of
filters

* o

L)

L)
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THANK YOU!

QUESTIONS?



