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ABSTRACT Airborne spectroscopic measurements were carried out during the SHIVA (Stratospheric ozone: 

Halogen Impacts in a Varying Atmosphere) campaign at Miri, Malaysia in November and December 2011. The 

dataset was collected during 16 sorties of the DLR (Germany’s national research center for aeronautics and 

space) research aircraft “Falcon” over Borneo comprising different ß ight proÞ les, which covered the boundary 

layer up to 12 km altitude. The measurements were performed using the well established Differential Optical 

Absorption Spectroscopy (DOAS) technique in limb geometry, which supports measurements of UV/visible 

absorbing species (e.g., O
3
, BrO, NO

2
, HCHO, CHOCHO, IO). During the sorties the frequent detection of 

CHOCHO
 
and HCHO indicates elevated photochemical oxidation of isoprene and other volatile organic 

compounds (VOCs), which are mainly emitted by the tropical forests in Borneo. Furthermore, local air pollution 

of NO
x
, possibly due to fossil fuel combustion, biomass burning, oil rig and ship emissions, and from local 

trafÞ c was detected. During dedicated ß ights near the shores of north-eastern Borneo, elevated amounts of IO 

occurred, indicating that iodine may play an important role in the photochemistry of the marine boundary layer.

Furthermore, signatures of HCHO and CO (measured by the SPIRIT instrument) were detected in the outß ow 

of convective clouds, indicating rapid transport of near surface air into the upper troposphere. The proceeding 

reports on these Þ ndings and presents preliminary conclusions on likely major photochemical processes in 

pristine marine and terrestrial air, polluted air, and air transported into the upper troposphere. 
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INTRODUCTION

The SHIVA aircraft campaign took place in Miri, 

Malaysia in November and December 2011 aiming to 

reduce uncertainties in the amount of naturally emitted 

halogen-containing ozone depleting substances reaching 

the stratosphere (http://shiva.iup.uni-heidelberg.de/, 

see the proceeding by Pfeilsticker et al.[1]). Airborne 

measurements were collected during 16 sorties of the 

DLR research aircraft “Falcon” over Borneo comprising 

different ß ight proÞ les, which covered the boundary 

layer up to 12 km altitude. 

SpeciÞ c objectives of the aircraft-borne DOAS [2] 

measurements during the Þ eld campaign were to study 

(a) the abundance of halogenated compounds in the 

marine boundary layer (MBL) via bromine (BrO) and 

iodine monoxide (IO) measurements, (b) the oxidation 

capacity of the atmosphere i.e., investigations of the 

oxidation of volatile organic compounds (VOCs), 

leading to formaldehyde (HCHO) and glyoxal 

(CHOCHO),  (c) regional air pollution, i.e., emissions by 

volcanoes, biomass burning, oil rigs, or anthropogenic 

combustion, and (d) the composition of air masses 

in convective outflows around thunderstorms. For 

the interpretation of the DOAS measurements, the 

measurements obtained from the other instruments on 

board the aircraft are used. The dataset includes e.g. in 

situ measurements of carbon monoxide (CO) (SPIRIT 

[3]), ozone (O
3
 monitor [4]), and sulphur dioxide (SO

2
) 

(CI-ITMS [5]).

INSTRUMENT DESCRIPTION

DOAS instrument

The DOAS instrument [6] consists of a telescope unit 

to collect scattered skylight in limb direction, a housing 



Malaysian Journal of Science 32 (SCS Sp Issue) : 259-266 (2013)

260

with two optical spectrometers (
UV

 = 320 - 400 nm, 

vis
 = 409 – 530 nm) and a PC with a control unit. 

The limb scattered skylight spectra are analysed for 

the atmospheric absorption of O
3
, BrO, NO

2
, HCHO, 

CHOCHO, IO, BrO, HONO and O
4
. The basic quantity 

received by the DOAS measurements is the differential 

slant column density (dSCD) which is the difference of 

a slant column density (SCD) and a reference spectrum. 

The SCD is deÞ ned as the concentration c of a speciÞ c 

absorber integrated along the light path L and is given 

in units of molec/cm2. Post-ß ight data analysis further 

involves radiative transfer calculations and mathematical 

inversion of the measurements, in order to infer absolute 

concentrations of the targeted gases from measured 

dSCDs. The telescope unit of the DOAS instrument was 

integrated into an aircraft window on the port side of the 

aircraft together with a webcam. The viewing direction 

is orthogonal to the heading direction of the aircraft.

SPIRIT instrument

The SPIRIT instrument [3] is a portable infrared laser 

absorption spectrometer for concentration measurements 

of different trace gases. It uses a continuous wave 

distributed feedback room temperature quantum cascade 

laser (QCL) and a patented new optical multi-pass cell 

to detect, e.g. CO.

Ozone monitor

The O
3
 mixing ratios were measured with a slightly 

modiÞ ed commercial ozone monitor TE49 [4]. The 

measurement technique is based on the UV absorption 

at 254 nm according to the Lambert-Beer law.

CI-ITMS instrument

The CI-ITMS instrument [5] is a Chemical Ionization 

Ion Trap Mass Spectrometer to detect trace gas 

molecules as e.g., SO
2
. 

GOME-2 satellite instrument

The GOME-2 instrument [7] is a nadir scanning 

spectrometer mounted on the MetOp satellite to detect 

atmospheric trace gases in the ultraviolet and visible 

wavelength range. The retrieval of the NO
2
 VCDs (and 

of other UV/vis absorbing gases) from the GOME-2 

satellite instrument is based on the DOAS technique 

and the KNMI modelling approach (http://www.temis.

nl/airpollution/no2.html) and the retrieval of HCHO 

VCDs is performed as described in [8] and [9]. The VCD 

is deÞ ned as the concentration c of a speciÞ c absorber 

integrated along the height z and is also given in units 

of molec/cm2.

IDENTIFICATION OF DIFFERENT 

EMISSION SOURCES

In order to identify the different emission sources, 

different trace gas species with different sources and 

loss processes have to be analysed. Table 1 summarises 

the different emission sources and their composition, 

e.g. if a biomass burning event occurs, an increase in 

CO, NO
2
 and HCHO is expected to be observed. In the 

following, two exemplary sorties (November 16, and 19, 

2011) are discussed with regard to the different possible 

emission sources.

Table 1.  Identifying different emission sources according to the composition of trace gas species.

Biomass 

burning

Volcanic 

emissions

Oil rigs Ship emissions Anthropogenic 

combustion

Convective outß ow of thunderstorms

CO - CO? CO CO CO 

NO
2 

- NO
2

NO
2

NO
2

NO
2

HCHO - HCHO HCHO HCHO HCHO

- SO
2 

SO
2 

SO
2 

SO
2 

-
 

- - - - - HONO

- - - - - BrO?, IO?
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Sortie on November 16, 2011: marine boundary 

layer study 

Figure 1 shows the ß ight track of the Þ rst sortie of the 

Falcon aircraft on November 16, 2011. The aircraft 

started in Miri and cruised southwestward along the 

coast of Borneo passing Bintulu to Kuching Bay on a 

constant ß ight altitude of 100 m. In Kuching Bay the 

aircraft turned and headed back towards Miri on the 

same way, however on different ß ight levels. Back over 

Miri, the aircraft climbed northward ß ying a loop with 

a maximum altitude of 12.8 km. 

Figure 2 shows the main results of this sortie.  Along 

the low level parts of the ß ight the NO
2
 mixing ratios 

occasionally peaked in general at the same locations both 

for the forward and return track, cf. the NO
2
 enhancement 

detected around 04:30 UTC (event 1a) is also seen on 

the return track around 06:00 UTC (event 1b), and at the 

same location HCHO, CO, O
3
 and SO

2
 were elevated 

too. According to the information provided in Table 1, 

this plume could be due to emissions either from oil rigs, 

ships, or anthropogenic combustion. At this particular 

location several ships crossed the ß ight route, heading 

towards the industrial area near Bintulu (3.3°N/113.1°E). 

Furthermore, the air masses mainly originated from the 

south-western direction, where many oil rigs are located. 

In Figure 2 another plume of NO
2
, HCHO, CO and SO

2
 

occurred at around 04:45 UTC (event 2a) and around 

05:45 UTC (event 2b) again at the same location on the 

forward and return ß ight. This increase in pollutants 

can be linked to anthropogenic emissions from Sibu 

(2.3°N/111.8°E), and Mukah (2.9°N/112.1°E). 

Figure 3 shows the 10-day average of NO
2
 and HCHO 

VCDs derived from the GOME-2 satellite instrument, 

where increased VCDs of NO
2
 and HCHO frequently 

occurred in the region near Bintulu.

Sortie on November 19, 2011: A convective 

outfl ow study 

The outflow of a meso-scale convective cell was 

investigated on the afternoon of November 19, 2011, 

when a large thunderstorm cloud north of Brunei was 

probed (see Figure 4). 

Figure 1.  Flight track of the Þ rst sortie on November 16, 2011. The colour coding indicates the height in meters. Adopted 

from DLR, Flugabteilung, Oberpfaffenhofen.
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Figure 3.  GOME-2 NO
2 
VCD (left panel) and HCHO VCD (right panel): 10-day average (10 - 20.11.2011), cloud fraction < 

40%. The red circles mark the regions with enhanced VCDs  of NO
2
 and HCHO.

Figure 2.  Sortie of the Falcon aircraft on November 16, 2011: marine boundary layer study: height (red) and wind direction 

(grey) from the Falcon dataset, NO
2
 (black) and HCHO (purple) mixing ratios from the mini-DOAS instrument, CO 

(green) mixing ratios from SPIRIT, O
3
 (pink) mixing ratios from the ozone monitor and SO

2
 (blue) mixing ratios 

from CI-ITMS. The turn in Kuching Bay is marked with a black bar. The different events (1a-b, 2a-b) are marked 

with a dotted red circle.
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Figure 4.  Flight track of the sortie on November 19, 2011. The colour coding indicates the height in meters (adopted from 

DLR, Flugabteilung, Oberpfaffenhofen).

Figure 5 shows the dSCDs of NO
2
 and HCHO measured 

along the ß ight track. Only dSCDs are shown, as the 

conversion from dSCDs to mixing ratios within and 

around a cloud is complex due to the changing light path. 

Not unexpected every time the Falcon aircraft penetrated 

the outß ow of the Cb cloud plume CO, NO
2
 as well 

as HCHO were elevated as compared to background 

concentrations. The simultaneous enhancements of 

these gases clearly indicate a rapid uplift of polluted air 

originating from near the surface to the upper troposphere.
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Figure 5.  Sortie of the Falcon aircraft on November 19, 2011: HCHO dSCDs (left panel) and NO
2
 dSCDs (right panel) colour 

coded along the ß ight track. 
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SUMMARY

During the SHIVA Falcon aircraft sorties from 

Miri/Borneo signs of emissions from natural and 

anthropogenic sources were detected. For example 

simultaneous enhancements of CO, SO
2
, NO

2
 and 

HCHO can be ascribed to emissions of ships, oil rigs 

and anthropogenic combustion processes at the north-

western coast of Borneo. 

The atmospheric oxidation capacity was investigated 

via measurements of isoprene, CHOCHO, HCHO 

and CO. HCHO mixing ratios of up to 1.5 ppb were 

detected, whereas CHOCHO reached mixing ratios of 

approximately 50 - 100 ppt.

The composition of air masses in convective outß ows 

around thunderstorms was also studied through 

simultaneous  measurements of CO, HCHO and NO
2
. 

Within the outß ow region of convective cells in the 

upper troposphere, the concentrations of these gases 

were simultaneously elevated indicating their origin 

from near the surface. 

On several occasions IO could also be detected in small 

amounts of approximately 1 ppt around the north-eastern 

coast of Borneo (not shown here), but during all sorties 

BrO never exceeded the detection limit of approximately 

3 ppt, thus likely limiting the role of halogens in 

tropospheric photochemistry to iodine. 
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