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S1 Mueller matrices of the atmosphere and of the optical
elements of the lidar

S1.1 Backscatter Stokes phase matrices of the atmosphere

S1.1.1 Oriented dust particles

The backscatter Stokes phase matrix of oriented dust particles is shown in Eq. S1

Fyw  Fiu Fiz Fu 1 fiz  fis fua
Fio  Fy  Fyy Py fiz fao faz o faa
—Fi3 —Fy  Fzz Iy "l —fis —foz fsz fa (1)
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Where, fi; = 7~

Fyp°

S1.1.2 Atmospheric gases

The backscatter Stokes phase matrix of the gases in the atmosphere is shown in Eq. S2

Gn O 0 0 gap 0 0 O
. 0 GQQ 0 0 . 0 922 0 0
G=10 o Gss 0| Guly 7o gss 0O (82)
0 O 0 G44 O 0 0 gaq
Where, g;; = gﬁ

S1.1.3 Randomly-oriented particles and atmospheric gases

The backscatter stokes phase matrix of an atmosphere with randomly-oriented particles and
gases is Fym(a), where “atm” denotes the atmosphere (aerosols and gases) and «a is the polar-

ization parameter of the atmosphere, a = ?ﬁigﬁ = —?ﬁigi’
1 0 0 0
0 a O 0
Fom(a) = (Fi1 + G1y) 00 —a 0 (S3)
00 0 1—2a

S1.2 Mueller matrices of the optical elements of the lidar

The Mueller matrices of the optical elements of the lidar are shown in Eq. S4 - S11. The values
of the optical element specs are provided by the corresponding manufacturers.



S1.2.1 Receiver optics
(Eq. S.4.12 in Freudenthaler (2016))

1 Do 0 0
B Do 1 0 0
MO N TO 0 0 ZOCO Zoso (84)
0 0 —Zosg Zoco
To is the transmission
Do is the diattenuation parameter
Zo =+/1— D%
co = cos(Ar,), so = sin(Ar,) (Ar, is the retardance)
The values provided by the manufacturers are Do =0, Zp =1 and Ag, =0
1 000
01 00
Mo=1o1y ¢ 1 9 (55)
0001
S1.2.2 Half Wave Plate (HW P)
1 0 0 0
o 0 Cq0 S40 0
Mew(6) = 0 s4p —cap O (86)
0 O 0o -1
0 is the fast-axis-angle relative to the reference plane
cag = cos(40), s4g = sin(40)
S1.2.3 Quarter Wave Plate (QWP)
1 0 0 0
0 2,  SusCop —5
M _ 26 52002 52 g7
QW(¢) 0 82¢02¢ S§¢ CQ¢ ( )
0 S2¢ —Ca¢ 0

¢ is the fast-axis-angle relative to the reference plane

Cog = €0S(20), Sap = sin(2¢)



S1.2.4 Polarizing Beam Splitter (PBS)

1.2.4.1 Transmitting part

1 Dy 0 0
Dr 1 0 0
Mr=Tr o Zp 0 (S8)

o 0 0 Zr

TP_TS
Dr = 7
Zr =/1— D2
AT - 0

With the use of cleaning polarizing sheet filters after the PBS, considering “ideal cleaning” we
get Dy =1 and Zp = 0 (S.10.10 in Freudenthaler (2016)):

1100
1 100
My =Tr 0000 (S9)
0000
1.2.4.2 Reflecting part
1 Dg 0 0
B Dr 1 0 0
Mg =Tg 0 0 —Zy 0 (S10)
0 0 0 —Zgr

Tprs
D= et
Zp =+/1— D%
AR - O

With the use of cleaning polarizing sheet filters after the PBS, considering “ideal cleaning” we
get Dp = —1 and Zg = 0 (S.10.10 in Freudenthaler (2016)):



(S11)



S2 Calculation of the measured signals Iy; 1« s

The measured signals I; , s for laser i = LA, LB, at the detection unit after telescope k =
TA, TB, at the detector S =T, R (“Transmitted” and “Reflected” channel after the PBSj,
respectively), are shown in Eq. S12 and S13. In Eq. S12 and S13 we consider background-
corrected values and we omit the electronic noise at the detectors.

Litas = FEiransra€Mg raMo ra(F + G)Iz (S12)
ILirp.s = Eirpns78€EMgs r5Mow 1Mo rp(F + G)i; (513)

In Eq. S12 and S13, E;, = A0, T(0,7)2E,;, where Ay is the area of the telescope k, O;,
is the overlap function of the laser beam receiver field-of-view with range 0-1 (for laser i and
telescope k), T'(0,r) is the transmission of the atmosphere between the lidar at range » = 0 and
a specific range in the atmosphere, and E,; is the pulse energy of laser 7. ng j is the amplification
of the signals at S = T or R detector of the detection unit after telescope k. € = [1,0,0,0]”
is used to select the first component of the Stokes vector (the signal measured at the APDs).
Mg . is the Mueller matrix of the PBS}, followed by cleaning polarizing sheet filters (Eq. S9
and S11), Mg, is the Mueller matrix of the receiver optics (i.e. telescope k, collimating lenses,
bandpass filter; Eq. S5), and Mgw 1 is the Mueller matrix of the QW Prg (Eq. S7). F (Eq.
S1) and G (Eq. S2) are the backscatter Stokes phase matrices of the dust particles and of the
gase molecules, respectively, at a certain range in the atmosphere. i; is the Stokes vector of the
light from the emission unit of laser .
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Figure S1: Sketch of the system design: two lasers shooting alternatively (L4 and Lp), with
the backscattered signals correspondingly alternatively collected by two telescopes (T4 and T'z)
and then redirected at two detectors for each telescope (D_S;, S = T, R as of " Transmitted”
and "Reflected” channels, j = A, B). The polarization of the light emitted from each laser is
changed appropriately, using the HW Py 4 for laser A and the QW P g followed by the HW Prp
for laser B. The laser beam of each laser is expanded with a beam expander (BEX). After the
first telescope the light goes through PBSp4 and after the second telescope the light goes
through QW Prg and PBStg. The HW Pr, at telescope A is used to correct the rotation
of the PBSt4 (Section 4.1 in the manuscript). The HW Prp at telescope B is used to check
the position of the QW Prp with respect to the PBSrp (Section S4)). The shutter at each
telescope is used for performing dark measurements. The camera at each telescope is used for
the alignment of the laser beams with the field-of-view of the telescope.

S2.1 The polarization of the light from the emission units of lasers
A and B

The Stokes vector of the light from the emission units of laser A and B is defined with respect
to the “frame coordinate system”, shown in Fig. S2a, and is provided by ira (Eq. S14) and
irp (Eq. S15), respectively. The light emitted directly from the lasers (s, 14 and i 1p) is
considered to be 100% linearly-polarized, with angle of polarization ellipse with respect to the
frame coordinate system ap4 and app for lasers A and B, respectively (Eq. S14 and S15).
The polarization of the light from the whole emission units is then defined according to the
position of the optical elements in front of the lasers, i.e. the HW P4 in front of laser A, and
the QW Ppp followed by the HW Py g in front of laser B (Fig. S1, Fig. S2d and e; Eq. S14 and
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S15).

1 1 1
T T | Copa—2004) | _ |Cavpa 0
ira=Mpw ra(@ra)is palapa) = = 1 (S14)
S(401,4—2arp4) S49p 4
0 0 0
1
7 v C —a C —
I = MHW,LB(QLB)MQW,LB(¢LB)1157~,LB(OZLB) = | P0rpann)"Wors=200n) |
C2prp—arp)S5(40,5—2¢1B)
—52(¢rLp—arB) (815)
1 1
C201pC(405—2¢1B) | _ 0.85
C20155(40L—261B) 0.17
—S2¢01p 0.5

We use the angles ¥4 (Eq. S16) and ¢ 5 (Eq. S17) to simplify Eq. S14 and S15, as shown in
Eq. S18 and S19.

arA

ﬁLAZQLA_T (S].6)
YLB = LB — QLB (S17)
1
ipa= | 0ea (S18)
S491,4
0
1
ﬁi'LB _ | C20BC(40L5—2015) (S19)
C20135(40L5—-2¢18)
82015

The “DUr4 coordinate system” and the “DUrpg coordinate system” in Fig. S2b and c are the
right-handed coordinate systems of the detection units after telescopes A and B, respectively.
The xpy,, and ypy,., axis coincide with the incidence plane of PBSr,4, and the xpy,., and
Ypuy, axis coincide with the incidence plane of PBSypp. The optical elements are considered
to be perfectly aligned with eachother in the detection units (because their holders are manu-
factured and assembled in a mechanical workshop with high accuracy), but the detection units
are possibly rotated around the optical axis with respect to the frame coordinate system by
angles wra and wrp, respectively (Fig. S2b and c). The Stokes vectors of the light collected
at telescope A and B are consequently described including a multiplication with the rotation
matrices Rra(—wra) and Rrg(—wrp), respectively (see Eq. S.5.1.7 in Freudenthaler'2016).
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This rotation affects the measurements of the polarized components after PBSt 4, but not after
PBSrg. The rotation of the detection unit after telescope A is corrected using the HW Pr 4,
as shown in Section 4.1 in the manuscript.

Sections S52.2, S2.3, S2.4 and S2.5 provide the analytical calculations for the formulas of I7; 74 s,
taking into account all the optical elements of the system, including their misalignments.
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Figure S2: a) The “frame coordinate system” (black) is the reference coordinate system with x p-
axis parallel to the horizon. b) The “DUr4 coordinate system” (light blue) is the coordinate
system of the detection unit after telescope A, which is rotated with respect to the frame
coordinate system by an angle wr 4. The effect of this rotation on the signals is corrected using
HW Pry, placed at 074 = —*Z4 (red) with respect to the xp-axis. ¢) The “DUrp coordinate
system” (orange) is the coordinate system of the detection unit after telescope B, which is
rotated with respect to the frame coordinate system by an angle wrp . The rotation does
not affect the measured signals. The QW Prg before PBSrg, is placed at ¢rp = 45° with
respect to the zpy,,-axis. d) The light emitted directly from laser A is linearly-polarized with
unknown angle of polarization ay. As shown in Eq. S14, using the HW Pp4 with fast-axis-
angle 04 = 22.5° + #£4, we produce the light emitted from the emission unit of laser A with
angle of polarization 20,4 = 45°. e) The light emitted directly from laser B is linearly-polarized
with unknown angle of polarization ayp. As shown in Eq. S15, using the QW Prp with with
fast-axis-angle ¢ p = arp — 30°, and the HW Ppp with fast-axis-angle 0,p = L& — 12.2°, we
produce the elliptically-polarized light emitted from the emission unit of laser B with angle of
polarization 5.6° and degree of linear polarization 0.866.



S2.2 Ipa Ta s: The signals from laser A, at the detection unit after
telescope A

The measurements of the backscatterred light of laser A at the detectors of telescope A are
provided in Eq. S20. The rotation of the detection unit after telescope A by an angle wra
(Fig. S2) is taken into account using the rotation matrix Rypa(—wra). The HW Pr4 (Fig. S1),
with Mueller matrix M gw 74 is used for the correction of the effect of this rotation on Ir 4 74 g
(Section 4.1 in manuscript).

I - ~ T
ﬁi = eMgs raMpuw r7aMo raRra[F(X) + Glipa =
LA_TATIS.TA
1 1 Dgr4 0 0 1 0 0 0
_ 0 T " DS,TA 1 0 0 0 Cafr 4 S401 4 0
o *°" 0 0 0 0| |0 ss,, —cip, O
0 0 0 0 0] 1|0 0 0 —1
1 0 0 Of |1 0 0 0
. TO N 01 00 0 Cowra S2wra 0
TA10 0 1 0| [0 —Sowp, Cowpy O
00 01 0 0 0 1
Ji1 +gn Ji2 f13 fia 1
Py fi2 Jo2 + g22 Jos J2a Cadra| _y
—fi3 — fo3 f33 + 933 faa S49; 4
fia foa —fa4  faat Gaa 0
IraTas _
= = | fi1 + 911 + caw,  fi2 + Sa9, 4 f13+

Eraransralsralo raFn
+ D 7ACUp s +20p ) 12 T Cavpp (f22 + G22) + Saoy 4 foz]+

+ D5 145407 a+20r )| — f13 = Cav, 4 foz + Sa0,,(f33 + 933)]}
(S20)

After correcting the effect due to the rotation of the detection unit after telescope A, by setting
the fast-axis-angle of HW Pry at 074 = —*Z4 (Section 4.1 in manuscript), Eq. S20 is written
as Fq. S21.

I LATAS(0pa=—"T4)

Eraransrals raToraFi

= fll + 911+ C419LAf12 + 8419LAf13+ (SQl)

+ Dy ra(fiz + cao, ,(faz + g22) + 549, f23)

S2.3 I Tas: The signals from laser B, at the detection unit after
telescope A

The measurements of the backscatterred light of laser B at the detectors of telescope A are
provided in Eq. S22. The HW Pr, (Fig. S1), with Mueller matrix Mgy 74 is used for the
correction of the effect of the rotation of the detection unit after telescope A, on I g ras
(Section 4.1 in manuscript).
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[ ~ - <
S = &M raMaw raMo raR7A[F (%) + Glips =
Erpransra

1 1 Dsra 0 0Of [1 0 0 0
_ 0 TS A DngA 1 0 0 0 C49TA S49TA 0
0 - 0 0 0 0| |0 sS4, —Cagp, O
0 0 0 0 010 O 0 -1
1 0 0 0] (1 0 0 0
T 0100 0 Cowra S2wra 0
OTA10 0 1 0| [0 —s9uy, Cowpy O
0 0 0 110 0 0 1
fu+agn fi2 fi3 f1a 1
- Fy fi2 faz + g2 fa3 foa C21 5C(4015—2015) N
— fi3 —fa3 fa3 + gs3 faa C201 55401 5—2015)
fia fou —f34 faa + gaa —S211
Itpras
= = fll + [DS,TAC(49TA+2wTA) + C24PLBC(49LB—2¢LB)]JC12+

Erpransrals ralorali
+ [CQ¢LBS(49L372¢LB) - DS,TAS(49TA+2WTA)]f13

— S2rpJ14 + DS T AC07 44200 4)C201 5 C(401 p—201 1) S22
+ DS—TACZSDLB C40ra+2wra)S(40L—20LE) — S(A0ra+2wra)C(40L5—20LE) f23+

— Ds 1aC407 44207 4)S2015 f24F

+ D5 1AS(467 4+207.4)C2015 540, 5201 5) f33+

— Ds.7AS40p 41201 4) 52015 f34F

+ g+ DS,TAC(49TA+20JTA)CQ@LBC(49LB—2¢LB)922+

+ DS,TA5(49TA +2wra) 2015540 5—261,5)933
(822)

After correcting for the rotation of the detection unit after telescope A, by setting the fast-
axis-angle of HW Pry at Opy = —*%4 (Section 4.1 in manuscript), Eq. S22 is written as Eq.
S23.

]LB,TA,S(GTA:—“TTA)

E. g TANS aTs 7aTo 7 F :fll + [DS,TA + Coorp C(4GLB—2¢LB)]f12 + CQSOLBS(49LB—2¢LB)f13+

— 82,5 f14 + Ds.14Co0, 5C46, 5—2615)f22 + Ds.1ACo0, 5540, 5—2015) f23+

— Ds 14820, 5 f24 + 911 + Ds14C20; 5 C401 5—2615)922

(S23)

S2.4 Ipa tBs: The signals from laser A, at the detection unit after
telescope B

The measurements of the backscatterred light of laser A at the detectors of telescope B are
provided in Eq. S25. The rotation of the detection unit after telescope B by an angle wrp (Fig.
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S2) is taken into account using the rotation matrix Rrg(—wrg), but as shown in Eq. 525 it
does not affect the measurements.

The HW Prp (Fig. S1), with Mueller matrix Myw rp is used for checking that the QW Prg
is at 45° with respect of the zpy, ,-axis (Fig. S2), as shown in Section S4. The Mueller matrix
of the QW Prp with ¢pp = 45° is provided in Eq. S24.

1 0 0 0 1 00 O
_ 10 030 S90C90  —S90 0 00 —1
MQW*TB(¢TB:45O) o O S90C90 SSO Cop o O O ]. 0 (824)
0 Sg0 —Cy0 0 010 0
I - - -
ELA;RS = eéMgs rsMow rsMuw r8Mo reRrp[F(X) + Glipa =
LA TBNS.TB
1 1 Dsrg 0 0 1 0 0 O 1 0 0 0
i 0 T DS,TB 1 0 0 0 0 0 -1 0 Ca01 S40rp 0
ol TR0 0 0 0[]0 01 0|10 ss, —Cagpy O
0 0 0 0 0 010 O 0 0 0 -1
1 0 0 O 1 0 0 0
0100l [0 ey S2ups O
OTE10 0 1 0| |0 —s9u,, Cowpy O
00 01 0 0 0 1
fu+agn fi2 fi3 f1a 1
fi2 fa2 + g2 fa3 foa Ca9
. B LA =
H —f13 —fa3 f33 + g33 f34 S49pa
fia fou —f3a faa+ gua 0
Itare.s
= EpazensrsTsrnTorsFn = fi1 + cay, , fi2 + Sa9, 4 f13 + Dsrpfia + Ds rpcay, , foat
— Dg 1BS19, 4 f31 + g1
(S25)

S2.5 ILg 1B s: The signals from laser B, at the detection unit after
telescope B

The measurements of the backscatterred light of laser B at the detection unit after telescope B
are provided in Eq. S26.
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I _ ~ i
__LBTB.S _ M rsMow rsMuw Mo rsRrp[F(X) + Glirs =
Erp1rBns.TB

1 1 Dsrp 0 O [1 0 0 O 1 0 0 0
_ 0 TS DS,TB 1 00 00 0 —1 0 C401 S40rp 0
o 521 o0 0 0 0[|001 0|0 ss9, —Caopy O
0 0 0 0 0l(01 0 O 0 0 0 -1
1 00 0] |1 0 0 0
T 01 0 0[]0 copp Sowpy O
OTE10 0 1 0] |0 =590,y Cowpy O
0 0 0 1f {0 0 0 1
fu+gn fi2 fi3 fia 1
- Fy fi2 fa2 + g2 fa3 foa C201 5C(40, 5201 15) N
— fi3 —fa3 fa3 + gs3 faa C201 55401 5—2015)
fia fou —f34 faa + gaa —S215
I TBS
= = fu+ CQSOLBC(49LB—2¢LB)f12 + CQWLBS(49LB—2¢LB)JC13+

ErprensrelsrelorsFi
+ (Ds.rB — 52p,5) f14 + D5 1BC2p; 5 C401, 15 —261 ) f2u+

— Ds.1BC2p; 55401 5—2615)J30 — Ds1BS20; 5 faat

+ 91 — Ds1BS2p; n G4
(S26)
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S3 Calculation of the measured intensities after we place
a linear polarizer at 45° in front of the emission unit
of laser A

After placing a linear polarizer in front of the window in front of the emission unit of laser A,
at 45° from zp-axis (Fig. S3), the Stokes vector of the emitted light ip4 450 iS provided by Eq.
S27. The measured intensities I; 4 74 545 at the detectors after telescope A are provided in
Eq. S28.

In Eq. S27 we consider an ideal linear polarizer. The Mueller matrix of the ideal linear polarizer
at 45° (LP 450 ) is taken from the Handbook of optics (Table 1 in section 14.11). In Eq. S28 we
consider randomly-oriented particles.

Figure S3: Linear polarizer in front of the window of laser A, placed at 45° from zp-axis.

1010 1 1
T 7 110 0 0 0] |c 1+s 0
iraase = LPysoipa = 51101 0 Sizm = % 1 (S27)
LA
0000 0 0
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I ° 7) + Gli
ﬁ& = Mg raMpw raMo raRralF(Z) + Glipaase =
LATATS.TA

1 Dgra 0 0] 1 0 0 0
_T DngA 1 0 0 0 C407 4 54074 0
STA1 0 0 0 0| |0 s, —ciw,, O
0 0 0 0] |0 0 0 —1
1 0 00 1 0 0 0
- 01 00| [0 oy, Sowp, O
OTA10 0 1 0| [0 —s9,, Cowpy O
00 0 1f {0 0 0 1
fu+ g 0 0 0 1
0 Joz + g22 0 0 1+ 549,, |0
F 0 0 fas + 933 0 2 1 =
0 0 0 faa + gaa 0
Ira 145450 1

EparansraTls maTo raF1 T2 it gn 4 Dsrasuorsoors (fos + g33)] (1+510,.,)
S (S28)
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S4 Check that the fast-axis-angle of QWPrg is at 45°
with respect to xpy,gz-axis

In order to check for the accurate placement of the fast-axis-angle of QW Prp at 45° with
respect to the xpy,.,-axis, we rotate the HW Prp before QW Prp, at various random positions.
If I 4 155 changes when HW Prp is placed at the different positions, the QW Prp is not placed
at 45% with respect to the xpy, ,-axis.

Considering a misalignment of QW Prg by erp, the fast-axis-angle of QW Prg is ¢rp =
45° 4 epp and the measurements at the detection unit after telescope B (Ipa 785 (4rp=150+ers))
change with the rotation of the HW Prg, as shown in Eq. S30. If erp = 0,then ¢rp = 45°,
and the measurements I 4 755 (¢,,=450), do not change with the rotation of the HW Prp (Eq.
S31).

The same is true for Iy g 755 (not shown here).

2
M = 0 Co(45+erp) 52(45+erp)C2(45+erp) T 52(45+erp)
QW _TB_(¢prp=45°+erp) — 0 s c 2 c —
2(454e7p)C2(454+erp) 2(45+erp) 2(45+erB)
-0 82(45+€TB) _02(45+8TB) 0 (S29)
1 0 0 0
0 2 — _
= S2erp S2erpC2erp Coerp
0 —5275C215 Coerp —S2rp
_0 C2epp S2erp 0

]LA,TB,Sf((i)TB =45° +€TB)

£ = éMs,TBMQW,TB,(¢TB:45O+6TB)MHW,TBMO,TBRTB [F(i) + G]iLA =
LA_TB"S_TB

1 1 Dsrp 0 0 1 0 0 0
_ 0 Torp Dg 15 1 0 0| |0 S5ern — 8975 Cocry  —Coerp
0 - 0 0 0 O |0 —S2c,5C205 Cerp — 59,5
0 0 0 0 0|0 e, Soemm 0
1 0 0 0 1 00 0] |1 0 0 0
0 Ca0r S46rp 0 TO 0100 0 Cowrp S2wrp 0
0 Si0pp —Cigpy O B0 0 1 0] [0 —Spwys Cowpy O
0 0 0 -1 0 0 01 0 0 0 1
fii+gu fi2 fi3 fia 1
fi2 fa2 + g22 fa3 fou 0
F -
H —fi3 — fo3 f33 + g33 faa 1
J14 foa — 34 faa +gaa| |O
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ILATB S (¢rp=4501erp)

= fu1 +gu + fiz+ Ds.rpe — Dg rpe +
ELA,TBHS,TBTS,TBTO,TB Fiy f 11 T 911 f 13 S_TBC2erp f 14 S_TBC2erp f 34

+ DS,TBS%gTB [Cl407+20r5) (f12 + fa3)+
+ S(orp+20r5) (— 13 + fa3 + g33)|+
— D 1BCoer 8265|5407 5 +20r5) (f12 + fa3)+

o 0(49TB+2wTB)<_f13 + f33 + 933)]
(S30)

ILATB S (prp=15°)

= D —D S31
o7 o — fur + fis + Ds.rpfia srBfs+ g (S31)
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S6 Acronyms and symbols

In the following table a list of acronyms and symbols is provided. In the third column we
provide the equation where we first find them.

a The polarization parameter of the atmosphere
Q The angle of the polarization ellipse
Ay Area of telescope k Eq. S12
b The degree of linear polarization
C Cosine of x Eq. S4
4] Volume linear depolarization ratio
Ar The retardance of Mp Eq. S10
Ar The retardance of Mp Eq. S8
Ar, The retardance of Mg Eq. S4
Do The diattenuation parameter of My Eq. S4
Dgr The diattenuation parameter of Mg Eq. S10
Dy The diattenuation parameter of My Eq. S8
e [1,0,0,0]" Eq. S12
E,; The pulse energy of the laser ¢ Eq. S12
The backscatter Stokes phase matrix of the dust parti-
F . Eq. S1
cles in the atmosphere
F The backscatter Stokes phase matrix of an atmosphere Ea. S3
atm with randomly-oriented particles and gases 4
The backscatter Stokes phase matrix of the the gases
G . Eq. S2
in the atmosphere
HWP Half Wave Plate Eq. S6
7 Laser : = LA, LB Eq. S12
i The Stokes vector of light from the emission unit of Eq. S12
laser ¢
The Stokes vector of light from the emission unit of
iL A_450 laser A, after placing a LP in front of the window in | Eq. S27
front of the emission unit, at 45° from xp-axis
I The intensities from laser ¢ at the detector S =T or R Ba. S12
k-5 after telescope k 4
The intensities from laser ¢ at the detector S =T or R
I } after telescope A, after correcting for the effect of the Ba. 923
iTAS(0ra=—"54) rotation of the detection unit, by setting the HW Pr 4 4
at eTA = —wTTA
The intensities from laser A at the detector S = T or
7 R after telescope k, after placing a LP in front of the Ba. 998
LAk-S-450 window in front of the emission unit of laser A, at 45° e
from xp-axis
111556 —t50 omm) The intensities I; 75 g, in case the fast-axis-angle of Eq. S30

QW Prp is misaligned by erp (¢7p = 45° + erp)
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k Telescope k =TA, TB Eq. S12
The calibration factor of the ratio of the intensities at

M the detectors R and T after telescope k

0 The fast-axis-angle of the HW P Eq. S6
Yra = 04 — O‘LTA, where 04 is the fast-axis-angle of

Jra the HW P4 and «ap,4 is the angle of the polarization | Eq. S14
ellipse of the light emitted directly from laser A

M pyw Mueller matrix of the HW P Eq. S6
Mueller matrix of the receiver optics (i.e. telescope k,

Mo collimating lenses, bandpass filter) Eq. 54
Mueller matrix of the transmitting part of the PBS),
followed by cleaning polarizers

Mg Mueller matrlx' of the rfeﬂectlng part of the PBS, fol- Eq. S11
lowed by cleaning polarizers

Mow Mueller matrix of the QW P Eq. S7
Mueller matrix of the QW Prp with its fast-axis-angle

Mow 1B(¢rp=15°) ot Grp — 45° e Eq. S24

0., The laser- beam receiver field-of-view overlap function, Eq S12
for laser 7 and telescope k

PBS Polarizing Beam Splitter

QWP Quarter Wave Plate
The rotation matrix used to describe the rotation of

Ry the detection unit after telescope k, with respect to the | Eq. S20
frame coordinate system
“Transmitted” and “Reflected” channels after the

S . Eq. 77
PBS, S =T, R, respectively

S Sine of x Eq. S4
The transmission of the atmosphere between the lidar

T,r) at range r = 0 and a specific range r in the atmosphere Eq. 512

To The transmission of Mo Eq. S4

Tr The transmission of Mg Eq. S10

Tr The transmission of My Eq. S8

VLDR Volume Linear Depolarization Ratio

Z0o The retardation parameter of Mg Eq. S4

ZR The retardation parameter of Mg Eq. S10

Zr The retardation parameter of My Eq. S8

1) The fast-axis-angle of QW P Eq. S7
v = ¢ — arp, where ¢rp is the fast-axis-angle of

YLB the QW Py and app is the angle of the polarization | Eq. S15
ellipse of the light emitted directly from laser B

- The rotation angle of the detection unit after telescope Eq. S20

k, with respect to the frame coordinate system
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