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Downsizing of a ship-borne MAX-DOAS instrument

Hisahiro Takashima'?*, Yugo Kanaya', and Fumikazu Taketani'

Trace gases and aerosol measurements over ocean by ship-borne Multi-Axis Differential Optical Absorption
Spectroscopy (MAX-DOAS) on a Japanese research vessel, Mirai, have been conducted since 2010. At the beginning,
we conducted the measurements by using active gimbal to ensure the light-receiving device was kept horizontal, and a
two-axis telescope unit was mounted on the gimbal. To downsize the observation system, we have been developing a one-
axis-type telescope unit without gimbal, in which the target elevation angle is attained by actively adjusting the angle of the
prism, accounting for the ship roll angle. During the cruises from November 2014 to February 2015 (MR14-06), the target
elevation angle was attained to within +0.5° for >95% of the time.
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Fig. 1. MAX-DOAS is a passive remote-sensing technique designed
for atmospheric aerosol and gas profile measurements near the ground,
using scattered visible and ultraviolet solar radiation at several elevation
angles from the ground.
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12 -70CIZBHILTWA. FLAT—7, 5%+, CCD X

Fig. 2. Photographs of the telescope unit of the MAX-DOAS
instrument installed on the R/V Mirai. At the beginning, we conducted
the measurements by using active gimbal to provide a horizontal
surface, on which a two-axis telescope unit was mounted (a). To
miniaturize the observation system, we developed a new one-axis type
telescope unit without gimbal, in which the elevation angle was actively
controlled at the prism, accounting for the ship roll angle (b).
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Fig. 3. One-axis type MAX-DOAS telescope unit.
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Fig. 4. Effect of pitch angle on the elevation angle (degree) for the
case in which the telescope unit is installed on the starboard-side (roll)
of the viewing azimuth angle (contour indicates 6 — arcsin (sin6 X
cos(a)). Here, 0 indicates elevation angle, and « indicates pitch angle).

(4. 1ERZEE CHAZ IR (roll fJ71A]) % BL L 72354 o pitch fi D12

MUK 2B (B ~O522E (0 — arcsin (sin6 X cos(a)) 122V TR
. BN (), o Epitcch A (WD) ) .

MR T L AT — T oK (A0S 2B \RE -
IETE2 X ICEFI L7, ZOBOKFEREEEE LTt
7UKAEEﬁ®7w:ﬂMKfUXA%K$ﬁk&é
IO IAE N I/NRDKEES: & Vv, BHLCTHERE L 72,

x)‘l:“ﬁ FXRIMCFRE SN D 720, TiErE, i AK A
T2ENB L HITRET L7,

FLAa—THNOMAEY v — (AMU-lite) 132 18#%
WL, 1207 VA= 7Rz iNEE) OFELOK
HNZHHL, 3912137 X20MEEHRH LT, HIH
WRZFHGS ADICHW. F27 L A3 —7HOAMU
= HOANAFIE S ERICER STV AT
M EE (PHINS) 2ot Eh 28R 77— 2 T
L 72E020% BT 5 L) IKFIL, #iEr
YERC L 72F%, 2014 4B X D AR b (5 ) CREBRETI
%4757z (MR14-06#0if & ) A& 28 H % BdR). %8
RO (rollfa) B X OHIEITRD 7)) X LT T —
1Z5Hz TN 2 ¥ a2 — % — FIZEREE L 7-.

4. /PRYE L 7= 3608 % O 7= 810

BAZS L 7235812 X B 7 L A 3 — Z OB £ i o 5
B () 122V TRT (K5). MAX-DOASE#ETIE, #
BOENA TRGEEDEOBRl 217, 215 0w
MHIT O ) - ARG OSREAG 2B 4. AR
FETIEB Z A A3 EE & SEDOKRGRELEA R Pro
EWZBIHIL 201U 52w, 7L Aa—TOMHEA

MR14 150205 18. csv

3
roll+02 74/

o
1///\\\ //«\
AL E
20 ]
-3: L | L | L | L [

0 12 24 36 48

Time [sec]

Fig. 5. Example of roll angles recorded for the vessel (blue) and
controlled angles (subtracted the target elevation angle) (red).
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Fig. 6. (top) The ratio of the controlled prism within +0.2°/+0.5°
(blue/red) of the target during the MR14-06 cruise (November 2014—
February 2015) (%). The elevation angles were controlled to be within
+0.5° of the targets for > 95% of the time. (bottom) standard deviation
of the ship roll angle.
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Fig. 7. Tropospheric NO, VCD variations over the ocean during the
MR14-06 cruise (November 2014—February 2015) (10" molec/cm?).
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