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I.

Introduction

It is now well known that certain ozone depleting substances (ODSs) are broken down by solar
radiation in the stratosphere, releasing the halogen elements: chlorine, bromine and iodine.
The halogens are highly efficient destroying ozone in the stratosphere, and rising concentrations
from human activities has led to depletion of global stratospheric ozone over the last three
decades, and formation of the Antarctic “ozone hole”. It is also known that ODSs enter the
stratosphere principally in the tropics, where ascending warm air carries them aloft. SHIVA aims
to reduce uncertainties in the amount of naturally emitted halogen-containing ODSs reaching the
stratosphere, and the resulting ozone depletion, in a climate that is changing now, and which will
change in the future. Climate feedbacks between the emissions and transport of ODSs exist,
particularly in the tropics where even short-lived ODSs of natural origin (e.g. emitted by the
oceans, and by marine and terrestrial organisms) can enter the stratosphere in powerful deep
convective systems.
By combining measurements from land, RV Sonne, aircraft, and space-based platforms, with
sophisticated numerical models, SHIVA aims to better predict the rate, timing and climatesensitivity of ozone-layer recovery, and to identify potential risks from the recovery.
In conjunction with Malaysian research partners the SHIVA Western Pacific field campaign was
performed in fall (Sept. to Dec.) 2011. The core field campaign has taken place in the South
China Sea, and along the coastline of Peninsula Malaysia and Borneo by deploying (a) land-based
investigation teams at Tawau and Semporna, (b) local boat from Port Dickson, Kuching, Kota
Kinabalu and Semporna, (c) the Research Vessel (RV) Sonne during a cruise leading from
Singapore to Manila, and (d) the DLR Falcon aircraft on 16 sorties from Miri/Borneo. The field
observations were assisted by (f) laboratory measurements from the University of Malaya (UM),
the University of Malaya Sabah (UMS) and the University of Malaya Sarawak (UNIMAS) (g)
regular weather forecasts of the European Centre for Medium-Range Weather Forecasts
(ECWMF) and of other public available weather centers, (h) data from regular and extra launched
radio sondes, (i) radar imagery of the Malaysian Meteorological Department (MMD), (j) spaceborne observations of the European ENVISAT and MERIS satellites, and finally (k) transport and
chemical modeling using the FLEXPART, Hysplit and TOMCAT/SLIMCAT models.
The present document is meant to summarize all activities relevant for the national and
international authorities which were involved in the approval and financing of the SHIVA
Western Pacific campaign and the overall project. Also the document may help any SHIVA
participant to find around the wealth of data that were collected during the campaign. However,
details of any scientific result are not yet reported in greater detail here, but in following-on
scientific publications, research and assessments reports delivered to the national and
international funding agencies and science bodies.
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The SHIVA consortium

II.

During the SHIVA Western Pacific Campaign in fall 2011 scientists from the following institutions
participated. A detailed list of all participants is attached to this document (Appendix A).
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

Ruprecht-Karls-Universität Heidelberg – UHEI, Germany
University of East Anglia – UEA, United Kingdom
Johann Wolfgang Goethe Universität Frankfurt – GUF, Germany
Alfred-Wegner-Institute for Polar and Marine Research Potsdam and Bremerhaven – AWI,
Germany
Belgian Institute for Space Aeronomy – BIRA-IASB, Belgium
Leibniz-Institut für Meereswissenschaften an der Universität Kiel –IFM-GEOMAR, Germany
University of Cambridge – UCAM, United Kingdom
Centre National de la Recherche Scientifique – CNRS, France
University of Leeds – UNIVLEEDS, United Kingdom
The Norwegian Institute for Air Research – NILU, Norway
Universität Bremen – UNIHB, Germany
Deutsches Zentrum für Luft- und Raumfahrt – DLR, Germany
University of Malaya – UM, Malaysia
University Malaysia Sabah – UMS, Malaysia
University Malaysia Sarawak – UNIMAS, Malaysia
Malaysian Meteorological Department – MMD, Malaysia
National Oceanography Directorate – NOD, Malaysia
University of the Philippines Diliman, U-PHIL, Quezon City, Philippines

Later in the text, the contribution of individual partners is referred by the acronyms given in capital
letters.
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Implementation of the science plan and concomitant activities

III.

The science plan and the concomitant for the SHIVA Western Pacific campaign comprised the
following areas.
3.1 Implementation of the science plan and observation strategy
From the very beginning our measurement and observation strategy was set-up to guarantee a
rather concerted and joint effort of the various activities – within their typical limits of each
activity – in order to achieve best the requirements set by the SHIVA objectives, which for the
Western Pacific campaign in fall 2011 were to study
1. The oceanic emission strengths of a suite of halogenated source gases
and
2. their atmospheric transport and transformation into the relevant product gases
as a function of larger suite of oceanic (physical, chemical and biological) parameters and
atmospheric (i.e. macro- and meso- scale) weather patterns.
Crucial to the implementation of our science plan were the following needs, criteria and
circumstances:
1. The choice of the relevant area were VSLS emissions could be expected to be large, i.e. the
Western Pacific
2. The best season during which we could expect the most efficient vertical atmospheric
transport which eventually would transport air-masses rich in VSLS into the tropical
tropopause layer and into the lowermost stratosphere, i.e. in fall/early winter
3. The availability of a larger research vessel (RV Sonne), which could cruise in open sea and
which provided sufficient large laboratories,
4. A suitable research aircraft (DLR Falcon) providing sufficient endurance
5. The possibilities to hire smaller boat for near coastal water and air sampling
6. The availability of supportive satellite measurements, i.e. from operational weather and
science satellite, ENVISAT, MERIS, MetOP/Gome-2, ….
7. The access to local meteorological support
8. The availability of forecast transport and chemical modeling
9. The willingness of local scientific groups to collaborate with us, in particular in the field of
supportive laboratory measurements and the sampling and analysis of water, marine biota
and near surface air with local boats
After a longer series of enquiries, negotiations, supportive meteorological and climatologically
studies, visits to Malaysia and several meetings with the participants and the involved
authorities, it became clear that an integrated and concerted SHIVA Western Pacific campaign
should best be performed in Malaysia by late fall 2011. Also in order to best meet SHIVA’s
objectives, it became clear that the Western Pacific campaign should be performed in a
concerted, multi-disciplinary effort that would need to comprise the following studies
1. Water and air studies in the field and the laboratory on the production and emissions of VSLS
from a large range of different marine environment and biota, e.g., with samples taken of
different marine biota by local boat and from the shore and later cultivated in the laboratory
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2. On the biological productivity in the ocean water per-se, e.g., investigated by local boat-,
research vessel- and satellites based instruments
3. On VSLS emissions in water and air of coastal zones having different (macro-) biota, such as
mangrove forests, fields of seaweed and sea-grass, algae plumes, corals, et cetera, e.g.,
investigation with instruments deployed on local boat, in the intertidal zone, and in the
laboratory
4. In the waters of the open sea and the overlying atmosphere, addressing meso-scale VSLS
emission pattern, e.g. by investigation using a large research vessel, and aircraft-based
instrumentation
5. On the transport of VSLS loaded air masses into the free and upper troposphere, e.g. aircraftbased investigations.
6. On the transformation of VSLS into their inorganic decay products within the marine
boundary layer and the troposphere, e.g., by ground, research vessel, aircraft, and satellitebased instrumentation.
Finally, it also became obvious that the field observations would need a good deal of guidance
provided by forecasts inferred from a larger range of existing theoretical tools and models, e.g.
weather assimilation and forecast models, process models addressing the regional meteorology,
in particular meso-scale convective models, air mass trajectory models and global chemistry
transport and climate models in order to assist the field observations.
3.2 Campaign coordination and management
Combining and coordinating all the activities outlined in section 3.1 in support of a concerted
approach required a considerable effort for the project management. Thus the actual campaign
was managed (by partner UHEI) located at the Miri airport, with assistance given by partners
DLR, IFM-GEOMAR, UM, UMS and UNIMAS. During the field studies a major tool for the
management of the concerted observations and actions, dissemination of news and data sharing
was
via
an
internet
tool
called
wiki
(see
http://shiva.iup.uniheidelberg.de/wiki/index.php/Main_Page), to which all campaign participants and interested
colleagues and relevant authorities have access.
Advantages of using this www-based tool for campaign coordination and management purposes
were clearly by providing an up-to-date transparency of the various schedules and the possibility
for an online access to their actual status and results from any campaign location providing a
reliable internet access. At the same time the reliance on a well-functioning internet in support
of the communication among the campaign participants, together with the novelty of this www
based tool and the reluctance of some participants to participate however also demonstrated its
limitations. The former was in particular due to c.f., the limited internet access available on the
RV Sonne as well as the beginning of our work at Miri, when by wire or wireless internet
connections were not yet available.
In conclusion, future concerted geophysical field observations comprising different instrument
carriers stationed at different locations will need to consider our (ambivalent) experience made
with the internal communication being mainly based on wiki pages place on the internet.
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Moreover, in support to the campaign coordination and management, at least one daily meeting
took place at Miri and on the RV Sonne each, as well as a series of preparing meetings close in
time when the local boat cruises were ahead.
3.3 Public outreach
Public outreach venues were also organized on 8 occasions around Malaysia & Philippines during
the campaign, most of them jointly with our non-European partners. These were
1. A SHIVA press conference at UM/KL on Nov. 10th, 2011, 9:45am
2. An interview with Prof. A. A. Samah and Prof. K. Pfeilsticker in the ASTRA TV in Kuala
Lumpur on Nov. 10th, 2011
3. Two public lectures at Kuching on Nov. 18th, 2011
4. A press release at Kuching on Nov. 20th, 2011
5. A press appointment at Miri on Nov. 25th, 2011, 8:45am
6. A workshop with RV Sonne principle investigators in Manila on Nov. 29 - 30, 2011
7. A public lecture at U-PHIL/ Quezon City on Dec. 1st, 2011, 9:00am
8. A public outreach venue at UMS/Kota Kinabalu on Dec. 5th, 2011, 8.30am
Two our knowledge, so far (by Dec. 2011) 4 articles in newspapers, 2 TV broadcasts and 1 radio
interview have appeared about the SHIVA project in the Malaysian and Bruneian media.
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IV.

Campaign overview

According to the requirements given by the SHIVA objectives and conjunctures as outlined in
section 3, the following arrangements and undertakings were discussed in pre-campaign
meetings held with the SHIVA’ Pi’s, and our Malaysian collaborators. They were finally
settled during a preparing meeting at the Universiti of Malaya, Kuala Lumpur on September
7 and 8, 2011.
1. Laboratory and field studies should be conducted by the partners UM, UEA for the analysis
of oceanic waters for physical, chemical and biological parameters, the emission strengths of
VSLS both in the unperturbed environment as well as during incubation experiments in the
laboratory
2. VSLS emission strengths and their decay products should be studied by the research groups
from the UCAMB, UNIHB, and UMS at research stations (Tawau airport and Sabah Park
Facilities on Bohey Dulang Island), i.e. in the vicinity where VSLS emissions were expected to
be large.

Figure 1: Schematics of the SHIVA Western Campaign activities in fall 2011
3. On 4 local boat cruises leading from Port Dickson (Peninsula Malaysia), Kuching (Borneo),
Kota Kinabalu (Borneo), and Semporna (Borneo) marine water and air samples should be
8
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4.

5.

6.

7.

8.

undertaken under the lead of UM, UNIMAS, and UMS. In the case of the Kuching and Kota
Kinabalu cruises, the RV Sonne should be met off-shore for water and air samples exchange.
The German research vessel RV Sonne should be engaged to host the SHIVA scientific crew
on a cruise leading from Singapore to Manila in November 2011, led by IFM-GEOMAR. Here,
the marine production and emission of VSLS as a function of physical, chemical and biological
parameters in deep and up to near surface waters and the ambient atmosphere should be
studied.
The German DLR Falcon should be engaged for a series of sorties from Miri/Borneo to study
the emissions, atmospheric transport and transformation of VSLS around Borneo and the
South China Sea.
Additional radio and ozone sondes should be launched from land by UM and from the RV
Sonne by IFM-GEOMAR, in order to support the post campaign meteorological analysis and
modeling activities
Satellite observations by MERIS and ENVISAT should assist to watch the biological activity of
the studied water via ocean color measurements (AWI) and the atmospheric abundance of
some crucial halogen oxides (BrO, and IO) should be monitored (BIRA-IASB and UBREM).
Teams from the AWI, DLR, UM, ULEEDS and MMD should provide the meteorological
forecasting and analysis contribute by supportive modeling studies to the field work.

In the following, further details all these activities and how they actually evolved during the
campaign are reported.
4.1 Lab work (UM, UEA)
PIs:
Prof. Dr. Phang Siew Moi (UM) phang@um.edu.my
Prof. Dr. William Sturges (UEA) W.Sturges@uea.ac.uk
4.1.1 Objectives
Major objectives of the laboratory study were
1. To investigate the VSLS emission of macro-algae as a function of species, location, time and
desiccation.
2. To link the already existing biological knowledge on seaweed species, their distribution and
physiology to the halocarbon data wherever possible.
4.1.2 Measured parameters
Parameters used for the analysis were the seaweed species, location of seaweed habitat, seaweed
biomass (dry weight) and the VSLS production. Seaweed samples were incubated under controlled
conditions (temperature, light) in an incubator and under desiccation conditions (flux chamber) on
the roof-top. Incubation periods were 4 and 24 hr.
4.1.3 Duration & location
Laboratory studies took place at the IOES-UM from September 5th until November 30th, 2011. A
large number of additional samples were returned to the UK labs for further extensive
measurements.
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4.2 Ground-based measurement at Semporna and Tawau (UCAM, UBREM, UMS)
PIs:
Enno Peters (UNIHB) enno@iup.physik.uni-bremen.de
Dr. Neil Harris (UCAMB) Neil.Harris@ozone-sec.ch.cam.ac.uk
4.2.1 Objectives
The μ-Dirac instrument permanently operated UCAMB and UM at Tawau airport, and the more
campaign related instruments (i.e., an UV ozone instrument, an AMAX DOAS, and a meteorological
station) installed by UBREM at Sabah Park Facilities on Bohey Dulang Island (4°36'N, 118°47'E) were
addressing the following major objectives:
1. To investigate the atmospheric concentration of halogenated VSLS near a major source
region, and to draw conclusions on the diurnal, seasonal and intra-annual variation of their
sources and atmospheric transport
2. To study the photochemical degradation of VSLS in the near surface atmosphere
3. To validate satellite observations of IO, BrO, ozone, NO2, HCHO, CHOCHO, ….
4.2.2

Measured parameters
1. Halogenated VSLS and longer lived halogenated CFC’s and transport tracers (μ-Dirac)
2. Meteorological parameters T, p, h, winds, concentrations and profile of IO, BrO, O3, NO2,
HCHO, CHOCHO, ….

4.2.3 Duration
1. The μ-Dirac instrument at Tawau airport for several years
2. The installed instruments at were operated from Nov. 17 to Nov. 28, 2011
4.3 Additional radio- and ozone sondes launched by UM and RV Sonne (UM, IFM-GEOMAR, MMD)
PIs:
Prof. Dato Dr. Azizan A. Samah (UM) azizans@um.edu.my
Dr. Kirstin Krüger (IFM-GEOMAR) kkrueger@ifm-geomar.de
4.3.1 Objectives
Major objectives to launch additional radio and ozone sondes were:
1. To obtain additional meteorological data useful in the online campaign analysis of the
existing weather situation;
2. To improve the global meteorological assimilations which are used as data input for the
chemical transport modeling in the post-campaign phase;
3. To improve our understanding of the oxidation capacity of the atmosphere.
4.3.2 Measured parameters
Measured parameters were the atmospheric pressure, wind, temperature, humidity and ozone
concentration.
4.3.2 Launch schedule
A detailed launch schedule of the extra radio- and ozone sondes can be found in appendix C.
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4.4 Local coastal measurements
4.4.1
PIs:

Local coastal measurements were conducted at Pangkor Island, Port Dickson and the Morib
mangroves (UM, UEA)
Prof. Dr. Phang Siew Moi (UM) phang@um.edu.my
Prof. Dr. William Sturges (UEA) W.Sturges@uea.ac.uk

4.4.1.1 Objectives
The main objectives were:
1. To extend the laboratory measurements of halocarbon emission by tropical macro-algae,
providing (possibly the first) measurements in tropical macro-algae.
2. To take field measurements (air samples) of halocarbon fluxes, sampling as many
‘environments’ (mangroves, seaweed sites, sea-grass etc.) as possible, with the additional
inclusion of sample collection for molecular iodine measurement (in conjunction University
of Mainz/National University of Ireland).
3. To link biological knowledge - seaweed species, distribution and physiology - to the
halocarbon data
4. To assess the suitability of these measurements for ‘scaling up’ and providing an idea of the
contribution of tropical coastlines to the global halocarbon budget.
4.4.1.2 Measured parameters
Physical and chemical parameters were measured in the sea water, and the biota was specified.
Finally, VSLS concentrations were measured in the water and air, and VSLS fluxes were inferred.
4.4.1.3 Activity & field observations
The following field trips to the west coast of Peninsula Malaysia were undertaken: On Sept. 13, 2011
to Pangkor Island for seaweed farm visit; on Sept., 19, 2011 to Morib mangrove for seaweed
collection; on Oct. 5, 2011 to Port Dickson for seaweed sampling and flux chamber measurements,
and on Oct. 17, 2011 to the Morib mangrove for seaweed collection and flux chamber
measurements.
4.4.2
PI:

Local boat cruise from Kuching on Nov. 19, 2011 (UNIMAS, UMS, UM, UEA, UHEI, IFMGEOMAR)
Dr. Lim Po Teen (UNIMAS) ptlim@frst.unimas.my
Dr. Moritz Mueller mmueller@swinburne.edu.my

4.4.2.1 Objectives
Objectives of the Kuching local boat cruise were:
1. Collect VSLS samples in water and air in biologically productive waters – due to Mangrove
forest, and a river discharge - close to coast
2. Validation of satellite measurements (water samples for Chl-a and pigments)
3. Collection of water samples for phytoplankton and microbial parameter for processing in
UNIMAS, water sample and nutrients for partners to be processed on RV Sonne
4. In situ selected water quality parameters (Temp, Conductivity, Salinity, pH etc)
11
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4.4.2.2 Measured parameters
The following parameters were measured at the indicated stations during the local boat cruise:
Nutrients, chlorophyll A, macronutrient analyses, Cu and Zn concentrations in surface waters,
phytoplankton composition, microbial composition zooplankton composition and abundance, and
the halocarbons in water and air.

Table: List of measured parameters
Measured parameters

Instruments &Tools

Responsibility

VSLS etc

Water sampling in surface seawater at 5
stations and post cruise GC-MS analysis on
the RV Sonne

Phytoplankton

Nets and microscopy

Chlorophyll, micro-biology,
pigments, nutrients

Collection of water samples for processing
on the RV Sonne

UNIMAS

Surface/ Subsurface Water
quality: T, cond. Sal, pH, etc

UNIMAS multiprobe

UNIMAS

Surface currents

Using CM obtained by UNIMAS

UNIMAS

Micro-biology

Filtering seawater and in-occulating media
on board

UNIMAS

UEA, IFM-GEOMAR, AWI

UNIMAS, AWI

4.4.2.3 The local boat track
Table: The local boat track and activities on Nov. 19, 2011.
No

Time (LT)

1

05:35

2

06:18

3

06:41

4

07:21

6

08:15

7

08:40

8

09:12

9

9:20

10

9:20

11

10:20

12

10:40

13

1045 - 11:15

14

11:30 – 15:00

Location

Activity
Depart to Station 1

Station 1: 01° 39.480'N, 110°31.407' E

Sampling on station
Depart to Station 2

Station 2: 01°42.768' N, 110°33.375' E

Sampling on station
Depart to Station 3

Station 3: 01°44.589' N, 110°35.167' E

Sampling on station
Depart to Station 4

Station 4: 01°47.941 N, 110°37.871 E

Sampling on station
Depart to Station 5

Station 5: 01°50.775 N, 110°40.221E

Sampling on station
Approach to RV Sonne

1.717°N, 110.659°E

Meeting with the RV Sonne at
Same track back to Kuching
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15

4.4.3
PI:

~ 15:00

Arrival in Kuching

Local boat cruise at Kota Kinabalu Nov. 23, 2011 (UMS, UNIMAS, UEA, UHEI, IFMGEOMAR,
AWI)
Prof. Datin Seri Panglima Dr Ann Anton (UMS) aanton@ums.edu.my

4.4.3.1 Objectives
1. Collection of VSLS samples in water and air in biological productive waters – due to algae
plumes, coastal pollution
2. Validation of satellite measurements specifically for red tide monitoring (water samples for
Chl-a and pigments
3. Collection of water and net samples for phytoplankton (focus on red HAB species), zooplankton for microbiological characterization
4. In situ measurement for water quality parameters (temperature, salinity, pH, conductivity
etc) to assessment
5. Water samples for nutrients to assess potential biological activity
6. Surface currents for sea current assessment
7. Collection of water samples for phytoplankton and microbial
4.4.3.2 Measured Parameters
The following parameters and sample were taken at the indicated stations during the local boat
cruise: Nutrients, chlorophyll A, macronutrient analyses, Cu and Zn concentrations in surface waters,
phytoplankton composition, microbial composition zoo-plankton composition and abundance, and
the halocarbons in water and air.
4.4.3.3 The local boat track
Table: The local boat track and activity on Nov. 23, 2011

No

Time (LT)

Location

Activity

Comments

o

1

5:22

6 02.429 N;
Start UMS jetty KK
o
116 06.556 E

2

5:36

6 03.46 N;
o
116 6.108 E

3

o

Night with moon and stars visible

Station 1

1/8 Sc clouds, 1/8 cirrus, wind 1 – 2m/s, wave 0.3m,
all participants are sampling

6:14

Station 1

Sun rise

4

6:32

Depart to station 2

5

5:22

1/8 Sc+St1 clouds, 1/8 cirrus, wind 1 – 2m/s, wave
0.5m, Cb clouds at the horizon, all participants are
sampling

o

6 03.060 N;
o
116 4.038 E

Station 2
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6

7:08

Depart to station 3

7

7:38

8

8:19

9

8:39

10

9:15

11

10:33

6 04.349 N; Station near the RV 3/8 Sc+St1 clouds, 1/8 Ac clouds, 1/8 cirrus, wind 1 –
o
115 54,802 E Sonne
2m/s, wave 3.5m, all participants are sampling

12

12:04

Unleashing from
o
6 04.349 N;
3/8 Sc+St1 clouds, 1/8 Ac clouds, 1/8 cirrus, wind 1 –
the local boat from
o
115 54,802 E
2m/s, wave 2.5m, all participants are sampling
the RV Sonne

13

13:44

6 02.429 N; back from UMS
o
116 06.556 E jetty KK

4.4.4
PI:

Local boat cruise from Semporna on Nov. 26, 2011 (UMS, UHEI, UEA)
Dr. Justin Sentian (UMS) jsentian@ums.edu.my

o

6 03.030 N;
o
116 0.060 E

1/8 Sc+St1 clouds, 1/8 cirrus, wind 1 – 2m/s, wave
2.5m, all participants are sampling

Station 3

Depart to station 4
o

6 3.773 N;
Station 4
o
115 57,790 E

1/8 Sc+St1 clouds, 1/8 cirrus, wind 1 – 2m/s, wave
2.5m, all participants are sampling

Depart to station 5
o

o

thunderstorm with rain

4.4.4.1 Objectives
Objectives of the Semporna local boat cruise were:
1. Collect VSLS samples air in biologically productive waters – due to coral and mangrove forest
- close to coast
2. Validation of satellite measurements (water samples for Chl-a and pigments)
3. Collection of water samples for phytoplankton and microbial parameter for processing in
UMS
4.4.4.2 Measured Parameters
The following parameters were measured at the indicated stations during the Semporna local boat
cruise: Nutrients, chlorophyll A, macro-nutrients, Cu and Zn concentrations in surface waters,
phytoplankton composition, microbial composition zooplankton composition and abundance, and
the halocarbons in air.

4.4.4.3 The local boat track
Table: The local boat track and activities on Nov. 26, 2011
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# of Air
samples

Station

StartTime / LT

1

06:45

Mangrove /
Seaweed

2

2

07:50

Mangrove /
Seaweed

3

08:35

4

Latitude / Longitude /
N
E

Water

Water
depths / m

04°35.269' 118°32.966' no wind

calm

7

1

04°38.626' 118°20.410' no wind

calm

5

open water

1

04°42.531' 118°23.297' no wind

calm

10+

09:30

Corals next to
island

2

04°40.706' 118°32.189' no wind

calm

1

5

10:25

Close to corals

2

04°37.508' 118°41.117' no wind

calm

5 to 10

6

11:00

Bay of DOAS
island

2

04°35.952' 118°43.314'

calm

5+

7

12:50

Coral reef out on
2
the sea

04°33.513' 118°42.289' no wind

calm

1 to 2

8

13:15

Inside coral reef 2

04°33.298' 118°39.375' no wind

calm

5

Comment

Wind

Light wind
from ~NNE

4.5 RV Sonne cruise (IFM-GEOMAR, AWI,DLR; UBREM, UHEI, ULEEDS, UCAMB, UM, UMS, UNIMAS,
MMD)
PIs:
Dr. Birgit Quack (IFM-GEOMAR) bquack@ifm-geomar.de
Dr. Kirstin Krüger (IFM-GEOMAR) kkrueger@ifm-geomar.de
4.5.1 Objectives
The measurements during RV Sonne SO218 cruise in the South China Sea aimed during November
2011 at the following major objectives:
1. To investigate the emissions of halogenated trace gas from coastal waters of the Western
Pacific and upwelling waters
2. To characterize the marine biota causing this emissions of halogenated VSLS
3. To study on the atmospheric transport and transformation of halogenated gases and their
delivery to the stratosphere
4.5.2

Measured parameters
Table: List of measured parameters during the RV Sonne cruise in November 2011
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Partner

Instrument

Comment

Measured Parameter

In seawater
IFM-GEOMAR

GC-MS

Halocarbons* (inc
VSLS) ,

IFM-GEOMAR

ECD

Halocarbons* (inc
surface and deep water samples
VSLS), iodide, iodate ,

AWI

Filtration, microscopy Phyto-plankton,

Size, cell number, species composition

AWI, Uni- PH

FRRF, INFINITY-ME

Chlorophyll

Concentration and photosynthetic
efficiency

AWI

Filtration , HPLC

Pigments

Chic3, peridin, fuco, 19-hex, neox, etc

UM

Bongo-net

zooplankton

Species composition and abundance, with
molecular biology

UNIMAS

Net and filtration

microbial community Species composition and abundance , with
molecular biology

IFM-GEOMAR

Contros- HydroC

PCO2 (dissolved
carbon dioxide)

Membrane based- NDIR_Sensor

IFM-GEOMAR

Optode

PO2 (dissolved
oxygen)

Fluorescence quenching sensor and Winkler
titration

IFM-GEOMAR

Auto-analyzer

Nutrients

Nitrate and phosphate (post cruise)

IFM-GEOMAR,
AWI

Filtration

CDOM

coloured dissolved organic matter

IFM-GEOMAR

CTD, Fluorometer, O2- Sal nity, temperature, Conductivity, temperature, depth (CTD)
Sensor
depth
Chlorophyll-a, Oxygen profiles

IFM-GEOMAR

Bottle –Rosette
sampler

Water samples

IFM-GEOMAR

Thermo salinograph

Salinity, Temperature Surface sea water

IFM-GEOMAR,
UM

ADCP

Surface currents

Direction of water flow of upper 200 m

IFM-GEOMAR

GC-MS

OVOC, DMS,
N2O,CH4 surface

In situ GC and post cruise analysis

IFM-GEOMAR

Tracer

CFC

Post cruise analysis of water age in Sulu sea
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AWI

RAMSES

Radiation

Upward and downward fluxes

In air
UCAM, IFMµ-Dirac
GEOMAR, RSMAS

Halocarbons* (inc
VSLS)

(1) In situ GC-MS (2) Whole air samples –
post cruise analysis

UBREM; UHEI

DOAS

BrO, IO

Halogen radicals (VSLS atmospheric
degradation products)

UEA, IFMGEOMAR

Filter sampling

Br in aerosol

daily sample, Br and iodide speciation

DLR

Ozone, methane,
CO2, H2O

DLR

CO (carbon
monoxide)

GS; continuous surface measurements (UV
absorption PICARRO cavity ring down
spectrometer)
Tracer for combustion (pollution, biomass
burning)

I2

reactive halogen precursor

NO2, SO2

Primary pollutants (anthropogenic tracers)

U-Leeds, Uni
Mainz

Denuder

U-Leeds

U-LEEDS

LIF

IO radicals

Halogen radical (VSLS atmospheric
degradation products)

DLR

CIMS

HBr, Br, BrO,

Chemical ionisation mass spectrometer,
oxidation products

IFM-GEOMAR

Radio sonde

Radio sonde

T, p, h, wind Balloon-borne sondes (up to 30
km altitude)

IFM-GEOMAR

Ozone sonde

Ozone sonde

Balloon-borne sondes (up to 30 km altitude)
Vertical profiles of ozone

DLR

Release unit

Tracer

Release of perfluoro-carbons for RV Sonne /
aircraft Lagrangian experiment

IFM-GEOMAR

Disdrometer

Precipitation, rain
drop size

In-situ measurements

Standard RV Sonne
parameters

Position, temperature, pressure, humidity,
wind speed and direction, water depth

SO2, HCL, HBr

IFM-GEOMAR
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4.5.3 The RV Sonne track
A detail listing of all sampling and observation activities performed during the RV Sonne cruise can be
found in appendix D and the RV Sonne track is shown in Figure 2.

Figure 2: The RV Sonne ship track leading from Singapore to Manila between November 15 and 29,
2011 during the SHIVA SO 218 cruise.
4.6 DLR Falcon deployment (DLR, CNRS, UEA, GUF, UHEI)
PI:
Dr. Hans Schlager (DLR) Hans.Schlager@dlr.de
4.6.1 Objectives
Major objectives for the Falcon deployments from Miri/Sarawak were:
1. To investigate the extend and source strength of various VSLS sources
2. To study the atmospheric transport of VSLS and of an artificial released tracer
3. To investigate the atmospheric transformation of VSLS
4. To study the impact of halogen radicals for the oxidation capacity of the tropical atmosphere
5. to investigate the entrainment rate of convectively lifted air-masses into the upper
troposphere (12 km)
6. To study the import and impact of Asian pollution, e.g. SO2.
4.6.2 Measured parameters
The instrument deployed on the Falcon measured the following atmospheric parameters and
species.
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Table: The DLR Falcon instruments

Partner

Instrument

DLR

UV ozone sensor

UEA and UFRA

WAS
(whole air sampler)
and GHOST

Chemical species

Comment

Ozone

Stratospheric tracer, photochemical
product gas, greenhouse gas

Halocarbons* (inc VSLS)

Long, medium and very short lived
hydrocarbons

UHEI

Mini-DOAS

NO2, BrO, IO, HONO, CH2O,
C2H2O2,

Halogen radicals (VSLS atmospheric
degradation products)

DLR

IT-MS

Br2, HBr, ClNO2

VSLS degradation products

CNRS

SPIRIT

N2O (nitrous oxide)

Greenhouse gas, stratospheric
tracer

GUF

GHOST
SF6 (sulphur hexafluoride)

Greenhouse gas, anthropogenic
tracer used for dating of
stratospheric air

CO (carbon monoxide)

Tracer for combustion (pollution,
biomass burning)

CNRS

SPIRIT

CNRS

SPIRIT

CO2 (carbon dioxide)

Tracer

CNRS

SPIRIT

H2O (water vapour)

Tracer

DLR

IT-MS

SO2

Tracer for convective outflow, tracer
for anthropogenic pollution

DLR

IT-MS
Peroxyacetyl nitrate (PAN)

Tracer for anthropogenic organic
pollution, tracer for biomass
burning

DLR

GHOST and absorption
Artificial air mass tracer for RV
tubes
Perfluorocarbone (e.g. C7F14) Sonne / aircraft - Lagrangian
experiment
Aircraft parameters

DLR

Standard aircraft

Temperature

DLR

Standard aircraft

Pressure

DLR

Standard aircraft

Wind speed / direction

DLR

Standard aircraft

Humidity

DLR

Standard aircraft

Altitude, position

DLR

Standard aircraft

Forward-looking cockpit video Recording of clouds and visible
camera
pollution layers
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4.6.3 Falcon missions out of Miri/Borneo in November and December, 2011

Figure 3: Overview on DLR Falcon flight patterns for sorties from Miri/Sarawak between Nov. 10 and
Dec. 12, 2011.
Table: Falcon missions out of Miri/Borneo during SHIVA
Flight

Take off
(UT)

Rationale

Region

Scientific
Crew

Remarks

MBL sampling,
deep profile

Coast between
Miri and Kuching

HB, HA, ML

Sea weed visible,
local pollution,
heating problems in
cabin

MBL sampling,
comparison RV
Sonne and local
boat

Coast between
Miri and Kuching,

HB, ARe,

Emission transport
up to 3 km by
shallow convection,
local pollution

Outflow sampling
of deep convection

Coast north of
Brunei

HS, SS, HA

Multiple anvil
penetrations,

Lagrangian exp.
RV Sonne - Falcon

Coast near Bintulu

HB, HA,

Air mass identified
with PFC tracer, BB
plume near Miri

(yymmdd)
Landing
(UT)
111116

04:13
07:28

11119a

03:57
06:43

111119b

08:12

SC
Kuching bay

10:47
111121

06:33
10:24

YR
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111122

111123

Coast near Sibu

06:00

Lagrangian
experiment: RV
Sonne – Falcon

03:09

MBL sampling

Coast between
Semporna and
Sandakan

KG, HA,

Deep profile
upwind Borneo

Sulu sea

HB, YR ARe

Lower part of profile
near Sonne

Transfer back to
Miri

Sandakan – Miri

HB, YR

ELT out of order

middle troposph.

ARe

South-west of Miri

HS, SS

03:05

05:25
111126a

04:10

HB, YR,

Air mass dispersion,
mixing up to 3 km

ARe

SS

high bromoform,
high SO2, sea weed
visible

06:17
111126b

08:53
09:43

111202

07:03

Outflow sampling
of deep convection

09:30
111207a

03:00

ARo
MBL sampling

Semporna – Tawau

05:30
111207b

06:23
09:17

111208

02:07
05:11

111209a

03:58
06:43

111209b

08:12
10:47

111211a

03:00
6:15

111211b

07:41
10:20

HB, KG
ARo

Penetrations of
convective cloud
tops
Comparison with
ground
measurements

Deep vertical
profile, UTLS
survey

Bay of Kuching

HB, KG, ARo

Multiple constant
level legs

Sampling of
outflow from deep
convection

Coast Kudat –

HS, TK, Are

Penetration of aged
and fresh anvils

MBL sampling,
vertical transport
by shallow
convection

North-eastern
coast of Borneo

HS, SC, ARe

Sea weed visible,
measurements also
over rain forest

Sampling of
outflow from deep
convection

North-eastern
coast of Borneo

HS, SC, ARe

Multiple
penetrations of
thundercloud

MBL and
convective outflow
sampling

Strait of Malacca

MD, SC, ARo

In cirrus cloud flight
from Kuching to the
Westcoast Peninsula,
air pollution
including biomass
burning

MBL and
convective outflow
sampling

Strait of Malacca

MD, SC, ARo

Air pollution haze, In
cirrus cloud from
Westcoast Peninsula
to Kuching

Sandakan
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4.7 Satellite observations (AWI, UNIHB, BIRA-IASB)
PIs:
Prof. Dr. Astrid Bracher (AWI) Astrid.bracher@awi.de
Dr. Francois Hendrick (BIRA-IASB) Francois.Hendrick@aeronomie.be
4.7.1 Objectives
1. Detailed sampling of phytoplankton composition and physiological state during RV Sonne
cruise SO 218
2. Campaign planning support via available phytoplankton satellite products and derived VSLS
emission scenarios (which are then used for trajectory calculations FLEXPART performed by
Andreas Stohl, NILU)
3. To provide maps of the tropospheric abundances of BrO and IO using Nadir observations of
the GOME-2 and SCIAMACHY space-borne sensors.

4.7.2 Measured parameters
1. MERIS and MODIS standard case-1: good spatial resolution (1km),low spatial coverage, no
consistent data set, bad quality in coastal waters
2. GlobColour merged MERIS-MODIS standard case-1: consistent data set, medium spatial
coverage, worse spatial resolution (- 4.6km), bad quality in coastal waters
3. HYGEOS (MERIS) case-1/case-2 in 1 product: good spatial resolution (1km), good coverage,
consistent data set, (good quality in coastal waters and in open ocean)
4. MERIS standard case-2: good spatial resolution (1km), bad coverage, (good quality in coastal
waters)
5. HZG MERIS case-2: good spatial resolution (1km), good coverage of case-2 only, good quality
in coastal waters,
6. GOME-2 BrO maps (BIRA-IASB scientific product) with emphasis on South-East Asia
7. SCIAMACHY nadir IO maps (UNIHB scientific product) with emphasis on South-East Asia
4.7.3 Measurement frequency
Near real time and/or daily maps of the above mentioned products were processed during the
campaign.
4.8 Meteorological forecasting and modeling (AWI, NILU, DLR, CNRS, MMD, UNIVLEEDS)
PIs:
Dr. Markus Rex (AWI) mrex@awi-potsdam.de
Dr. Sabine Eckhardt (NILU) sec@nilu.no
Dr. Andreas Dörnbrack (DLR) Andreas.Doernbrack@dlr.de
4.8.1 Objectives
The meteorological forecast and modeling activities during the field observations aimed at the
following
1. To analyses the synoptic weather pattern in support of the field observation.
2. To analyze the past and present flow air masses for sources of pollutants, and of natural
emissions from dedicated source locations
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3. To assess regions of high convective activity and possible entrainment of boundary layer air
into the upper troposphere and the tropopause layer.
4. To advise the SHIVA field campaign in particular the DLR falcon aircraft, the RV Sonne and the
local boats based on available meteorological forecasts.
4.8.2 Analysed and & modeled parameters
Synoptic weather maps including stream function and vorticity, radar images of precipitation, low
middle and upper clouds, maps of total and upper tropospheric ozone, entrainment into the TTL, air
mass trajectories and Lagrangian particle dispersion for emission as given by the EDGAR data base,
proxies from the marine biological activity and assumed virtual emissions from different source
location, et cetera
4.8.3 Measurement Frequency
Daily maps of the targeted parameters based of operational ECMWF 12 UTC weather analysis.
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V.

Data storage, handling and accessibility

At the time when the field observations in the Western Pacific came to an end (Dec. 2011), the
collected data were stored on the following media:
1. The SHIVA wiki page, see here http://shiva.iup.uni-heidelberg.de/wiki/index.php/Main_Page.
The access is presently user and password secured, however all campaign participants and the
interested colleagues and partners who signed the SHIVA data protocol were guaranteed. Later
all the data stored on the wiki will be moved to http://shiva.iup.uni-heidelberg.de (see 5.2)
2. A subset of data (Radar images, radio sonde data), mainly coming from MMD have been stored
here http://shiva.iup.uni-heidelberg.de, which is user and password secured. Presently access is
to all campaign participants and interested colleagues and partners who signed the SHIVA data
protocol and who can read the SHIVA wiki page.
3. CD ROMs of radar images from Sarawak and Sabah, which soon will also be stored on media
http://shiva.iup.uni-heidelberg.de
4. By the time the field campaign came to an end, some measured data were still stored on
individual computers of the participants. In near future, they will also be collected in the server
http://shiva.iup.uni-heidelberg.de .
5. The measured data collected on the RV Sonne are presently stored on
https://portal.geomar.de/web/shiva/home and in future will also be stored http://shiva.iup.uniheidelberg.de.
6. To our knowledge there a two CD ROMs with films taken during the campaign. The data will also
be stored on http://shiva.iup.uni-heidelberg.de , thus each partner may have access to them.
Once all these data are finally stored on the campaign server http://shiva.iup.uni-heidelberg.de,
(estimate by end of 2012) CD ROMS will be made available and sent to the relevant authorities, i.e.
notably (a) the Economic Planning Unit (EPU) and National Oceanic department (NOD) of Malaysia,
(b) the Naval Operation Center, the Ocean Concern Office of 6th Undersecretary Special and Ocean
Concerns Department of Foreign Affairs of the Philippine, and (c) the Bruneian ministry of foreign
affairs and trade.
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VI.

Preliminary results

As by the end of the actual laboratory field studies (mid. Dec. 2011), the following preliminary
results are emerging:
1.

The highest VSLS emissions from marine biota ever recorded were observed from the
laboratory and field studies, notably from red algal species, with wide variations both
between and within species. The emission of VSLS also appears to be light dependent, and
differences are seen between measurements made in the laboratory and in the field.
Significant emissions from intertidal sediments along open coasts and within mangroves
were noted.

2.

The deep and surface waters probed in the South China and Zulu seas during the RV Sonne
cruise as well as during the local boats cruises near the coasts of Kuching, and Kota Kinabalu
have been identified as strong sources for some of the halogenated VSLS. Here high to very
high concentrations of VSLS were found, but at the same time atmospheric VSLS
concentrations were comparatively low. Both findings are indicative of large water to air
emissions of VSLS from in the open ocean and coastal waters of the South China and Zulu
Seas into the atmosphere.

3.

A variety of atmospheric phenomena in support of the contribution of halogenated VSLS to
the stratospheric halogen budget have been identified during the sorties of the DLR aircraft
from Miri/Sarawak. These observations include the identification of major VSLS emission
regions, i.e. around Tawau, Semporna and Sandakan and the Strait of Malacca and to a lesser
extend along the North West coast of Borneo. Signs for the mostly convective transport of
VSLS into the free troposphere and upper troposphere were also found, in particular in air
masses of convective outflows. Further signatures of other relevant trace gases, tentatively
emitted by natural biogenic emissions, biomass burning-related activities as well as of
regional and long range transported anthropogenic pollutants were also identified.

4.

Inorganic halogen chemistry which may efficiently contribute to the oxidation potential of
the atmosphere has only been identified on occasions, i.e. at Semporna, but not (within the
given detection limits of the instruments) in the near surface atmosphere during the RV
Sonne cruise nor in the free troposphere or in air masses affected by convective outflow
during the Falcon missions.

5.

No Zn but high Cu (5-55 ppm) concentrations were found during the local cruise in Kuching
on the 16th of November. The opposite, no Cu but high Zn (10-35 ppm) concentrations were
found during the local cruise in Kuching on the 19th of November. In both cases,
concentrations increased towards the open ocean. Waters in KK had negligible Cu but also
quite high Zn concentrations (15-28 ppm). Zn was highest in Station 4, Cu in Station 5 (2.5
ppm).
Semporna had no Cu (only Station 1 had 0.9 ppm) but also quite high Zn
concentrations (12-32 ppm). The highest concentrations were measured at seaweed farms.
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6.

VII.

Two hundred and ten bacterial isolates have been cultured so far from the local boat
cruises in Kuching, KK and Semporna (around 70 isolates per cruise). We will identify them in
the coming months. Analyses on the filtered samples are also starting now.

Summary & Outlook

The present activity report summarizes the activities and observations made during the SHIVA
Western Pacific campaign in fall 2011. As such it is meant to provide the relevant information
and an overview to the approving authorities as well as guidance to all participants on what was
undertaken. Thus it may evenly serve to fulfill our reporting duties with the former bodies as well
as it may support the post campaign data analysis of each participant.
Further, in the coming year (2012) we will organize a series of working group meetings for joint
data analysis (c.f. for the aircraft measurements in Berlin by March 14, 2012, ….), as well as some
scientific meetings where details of results will be discussed (e.g., the SHIVA annual meeting in
Brussels on July, 5, and 6th, 2012, or during a meeting in Malaysia jointly organized with our
Malaysian partners in October 2012). Later on, it can be expected that more results of the SHIVA
Western Campaign will be presented at regular scientific meetings, such as the EGU spring
meeting in Vienna or the AGU fall meeting in San Francisco. Post project reporting and
dissemination of results will however also include publications in the scientific literature,
contributions to the UNEP/WMO assessment on global ozone and the IPCC on climate change,
as well as a larger series of PhD master and bachelor theses.
Finally the relevant authorities as well as the funding agencies will receive a final report on the
SHIVA project, once it will be concluded. According to our working plan, dissemination of the
final report will be 3 months after the end of the SHIVA project, presently scheduled for June 30,
2012, but likely to be extended to June 30, 2013.
Further, the relevant agencies expect that all measured (and in some cases aggregated) data will
become available by end of 2012 for download, most likely via provision of an FTP account at the
IUP Heidelberg (see section V).
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Appendix A: List of all SHIVA Western Pacific campaign participants
Name

Type of
participation

Institution

E-mail

Pfeilsticker, Klaus

UHEI

Coordination

Klaus.Pfeilsticker@iup.uniheidelberg.de

Dorf, Marcel

UHEI

Coordination

marcel.dorf@iup.uniheidelberg.de

Grossman, Katja

UHEI

Aircraft

katja.grossmann@iup.uniheidelberg.de

Kenntner, Mareike

UHEI

Coordination

mail@mareike-kenntner.de

Lampel, Johannes

UHEI

RV Sonne

johannes.lampel@iup.uniheidelberg.de

Azizan, Abu Samah

University of Malaya

Coordination

azizans@um.edu.my

Phang, Siew Moi

University of Malaya

Laboratory

phang@um.edu.my

Idid, Rizman

University of Malaya

RV Sonne

rizman@um.edu.my

Phaik-Eem, Lim

University of Malaya

Press officer

phaikeem@gmail.com

Keng, Fiona

University of Malaya

Local boat

fionakeng@yahoo.com

Yeong, Hui Yin

University of Malaya

Local boat (KK)

yeong@um.edu.my

Rex, Markus

AWI

Forecasting /
Modelling

Markus.Rex@awi.de

Schmitt, Bettina

AWI

RV Sonne

bettina.schmitt@awi.de

Wiegmann, Sonja

AWI

RV Sonne

sonja.wiegmann@awi.de

Cheah, Wee

AWI

RV Sonne

cheahw@utas.edu.au

Altenburg Soppa,
Mariana

AWI

RV Sonne

mariana.altenburg.soppa@awi.de

Catoire, Valéry

CNRS

Aircraft

Valery.Catoire@cnrs-orleans.fr

Robert, Claude

CNRS

Aircraft

Claude.Robert@cnrs-orleans.fr

Chevrier, Stéphane

CNRS

Aircraft

Stephane.Chevrier@cnrs-orleans.fr

Le Letty, Kévin

CNRS

Aircraft

Kevin.Le_Letty@cnrs-orleans.fr

Schlager, Hans

DLR

Aircraft

hans.schlager@dlr.de

Roiger, Anke

DLR

Aircraft

anke.roiger@dlr.de
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Aufmhoff, Heinfried

DLR

Aircraft

heinfried.aufmhoff@dlr.de

Lichtenstern,
Michael

DLR

Aircraft

michael.lichtenstern@dlr.de

Jurkat, Tina

DLR

RV Sonne

tina.jurcat@dlr.de

Schäuble, Dominik

DLR

RV Sonne

dominik.schaeuble@dlr.de

Reiter, Anja

DLR

Aircraft

anja.reiter@dlr.de

Ren, Yu

DLR

Aircraft

yu.ren@dlr.de

Graf, Phoebe

DLR

Forecasting /
Modelling

Phoebe.Graf@dlr.de

Dörnbrack, Andreas

DLR

Forecasting /
Modelling

Andreas.Doernbrack@dlr.de

Engel, Andreas

GUF

Aircraft

An.engel@iau.uni-frankfurt.de

Boenisch, Harald

GUF

Aircraft

boenisch@iau.uni-frankfurt.de

Sala, Stephan

GUF

Aircraft

sala@iau.uni-frankfurt.de

Keber, Timo

GUF

Aircraft

keber@iau.uni-frankfurt.de

Maznorizan
Mohamad

MMD

Forecasting &
Analysis

maz@met.gov.my

Nur Aleesha
Abdullah

MMD

Forecasting &
Analysis

aleesha@met.gov.my

Sheeba N.C.

MMD

Radiosondes

sheebarej@gmail.com

Prof. Nor Aieni Binti
Haji Mokhtar

MOD

Coordination

noraieni@mosti.gov.my

Navy Observer onboard RV
Sonne

RV Sonne

zaidsapii@gmail.com

Swinburne Univ. Technology,
Sarawak Campus (SUTS)

Local Boat

mmueller@swinburne.edu.my

Zaid Sapii

Mueller, Moritz

Oram, David

UEA

Aircraft

d.e.oram@uea.ac.uk

Mills, Graham

UEA

Aircraft

g.mills@uea.ac.uk

Leedham, Emma

UEA

Local boat

e.leedham@uea.ac.uk

Sturges, William

UEA

Coastal/lab

w.sturges@uea.ac.uk

University Malaysia Sabah

Local boat

aanton@ums.edu.my

Ann Anton
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Sentian, Justin

University Malaysia Sabah

RV Sonne

jsentian@ums.edu.my

Lilian Chong

University Malaysia Sabah

Local boat

Lilian_czw@hotmail.com

Tan Zhong Qing

University Malaysia Sabah

Local boat

zqingtan@hotmail.com

Muhammad Ali
Syed Hussein

University Malaysia Sabah

Local boat

muhd-ali@ums.edu.my

Ejria binti Saleh

University Malaysia Sabah

Local oat

ejsaleh@ums.edu.my

Julian Ransangan

University Malaysia Sabah

Local boat

liandra@ums.edu.my

Audrey Rose
Andrew

University Malaysia Sabah

Local boat

audreyrose88@hotmail.com

Ronald Phan

University Malaysia Sabah

Local boat

ronald@ums.edu.my

Lim, Po Teen

University Malaysia Sarawak

Local boat

ptlim@frst.unimas.my

Mujahid, Aazani

University Malaysia Sarawak

RV Sonne

maazani@frst.unimas.my

Lim, Hong-Chang

University Malaysia Sarawak

Local boat

hclim24@gmail.com

Felicity Kuek

University Malaysia Sarawak

Local boat

felicity.kuek@gmail.com

Teng Sing Tung

University Malaysia Sarawak

Local boat

tst861208@hotmail.com

Onn May Ling

University Malaysia Sarawak

Local boat

onnmayling@hotmail.com

Tan Toh Hii

University Malaysia Sarawak

Local boat

tantohhii@yahoo.com

Palermo, Joseph

University of the Philippines
Diliman

RV Sonne

jaydeepalermo@gmail.com

Bunyan, Hannah

UNIVLEEDS

RV Sonne

cmhmb@leeds.ac.uk

Ingham, Trevor

UNIVLEEDS

RV Sonne

t.ingham@leeds.ac.uk

Hossaini, Ryan

UNIVLEEDS

Modelling

chm3rh@leeds.ac.uk

Hepach,Helmke

IFM-GEOMAR

RV Sonne

hhepach@ifm-geomar.de

Krüger, Kirstin

IFM-GEOMAR

RV Sonne

kkrueger@ifm-geomar.de

Lohmann, Martina

IFM-GEOMAR

RV Sonne

nlohmann@ifm-geomar.de

Marandino, Christa

IFM-GEOMAR

RV Sonne

cmarandino@ifm-geomar.de

Müller, Christian

IFM-GEOMAR

RV Sonne

cmueller@ifm-geomar.de

Petrick, Gert

IFM-GEOMAR

RV Sonne

gpetrick@ifm-geomar.de

Quack, Birgit

IFM-GEOMAR

RV Sonne

bquack@ifm-geomar.de
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Raimund, Stefan

IFM-GEOMAR

RV Sonne

sraimund@ifm-geomar.de

Shi, Qiang

IFM-GEOMAR

RV Sonne

qshi@ifm-geomar.de

Wittke, Franziska

IFM-GEOMAR

RV Sonne

fwittke@ifm-geomar.de

Zindler, Cathleen

IFM-GEOMAR

RV Sonne

czindler@ifm-geomar.de

Fuhlbrügge, Steffen

IFM-GEOMAR

RV Sonne

sfulbruegge@ifm-geomar.de

Kinzel, Julian

IFM-GEOMAR

RV Sonne

jkinzel@ifm-geomar.de

Mihalis Vrekoussis

UNIHB

Ground-based

vrekoussis@iup.physik.unibremen.de

Peters, Enno

UNIHB

Ground-based

enno.peters@iup.physik.unibremen.de

Scientific campaign support

Wohltmann, Ingo

AWI

Modelling

Ingo.Wohltmann@awi.de

Bracher, Astrid

AWI

Satellite

astrid.bracher@awi.de

Dinter, Tilman

AWI

Satellite

tilman.dinter@awi.de

BIRA-IASB

Satellite

Francois.Hendrick@aeronomie.be

Hendrick, Francois
Stohl, Andreas

NILU

Modelling

ast@nilu.no

Eckhardt, Sabine

NILU

Modelling

sec@nilu.no

Wittrock, Folkard

UNIHB

Ground-based

folkard@iup.physik.uni-bremen.de
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Appendix B: SHIVA campaign news (exert from on the SHIVA wiki page)
23 December, 2011
• The FALCON is landed in Oberpfaffenhofen by 09:36 UTC.
16 December, 2011
• The DLR Falcon is now on its way back home to the base Oberpfaffenhofen/Germany, and the
SHIVA field campaign in the Western Pacific ended.
11 December, 2011
0:34 Miri LT:
• Today, the DLR Falcon performs two flights (#15 and #16) to probe the oceanic boundary
layer around Peninsula Malaysia, for VSLS emissions and transport into the adjacent
atmosphere.
10 December 2011
10:32 Miri LT:
• Yesterday the DLR Falcon performed its 13 and 14 sortie with a flight to north east Borneo
(Sandakan, Tawau). On the first leg, the near shore emissions of VSLS from various sources
could be probed in detail. On the second leg starting from Tawau, the air mass in- into and
outflow from a large convective system located east of the Borneo wolf's noise which was
also visible by satellite imagery could successfully be probed. Today is a DLR-FX day-off and
our preparations have begun for the tomorrow's sortie 15 and 16 into the straight of
Malakka.
08 December, 2011
22:24 Miri LT:
• Today, the DLR Falcon performed its 12 sortie with a flight to north east Borneo (Kudat,
Sandakan area). Tomorrow (Dec. 9th, 2011) it will perform two flights with chasing the
released tracer and Cb cloud outflow studies.
06 December, 2011
13:10 Miri LT:
•

The DLR Falcon is now being prepared (Dec. 6, 2011) for two sorties from Miri on Dec. 7,
2011.

01 December 2011
23:12 Miri LT:
• The DLR Falcon is back from Singapore with the ELT (emergency locator transmitter) system
replaced. Tomorrow Dec. 2, 2011, 15:00 LT the measurements will be resumed with a flight
leading to North-eastern Borneo.
• The RV Sonne scientific crew debarked from the vessel fromManila on Nov. 30, and is now on
the way back home.
• Preparations for the public awareness day fromKK on Dec. 5 are under full gear. For the
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(tentative)
programme
see
here
http://shiva.iup.uniheidelberg.de/wiki/index.php/Public_Awareness_and_Dissemination#Programme_for_outre
ach_at_Kota_Kinabalu_on_Dec._5th.2C_2011.2C_8.30am
27 November 2011
20:57 Miri LT:
• On Nov. 27, 2011, the local RV Sonne debarked from Semporna for seaweed and whole air
sampling. The students stayed out in a bofromfor 12h today in the middle of a seaweed farm
to collect air samples. They did not move the bofromfor 11h. Fortunately no one got a
hefromstroke, since it was seriously hot today. The party safely returned to Semporna around
16:00LT.
19:07 Miri LT:
• The DLR Falcon will probably be grounded until Thursday Dec. 1, 2011, due to a failure of the
ELR (emergency locator transmitter) system. Replacement of the instrument which implies
shipping from Bale is under way.
• The RV Sonne now arrived at station C14/C15 for deep sea sampling. Also the regular
atmospheric VSLS sampling was restarted and a finally an ozone sonde was released close by.
• The ground-based station in the Sabah Park Facilities on Bohey Dulang Island (4°36'N,
118°47'E) has been dismantled on Nov. 27, 2011 after 12 days of operation. In total 8 whole
air samples has been collect.
26 November, 2011
17:05 Miri LT:
• The RV Sonne passed station C11 and heads deep into the Zulu sea. Today regular
atmospheric VSLS sampling was restarted and an ozone sonde was released close to C11.
16:56 Miri LT:
• On Nov. 26, 2011, the local boat debarked from Semporna at 6:00 and beside biological
studies in the oceanic water body, 14 atmospheric VSLS whole air samples were taken
(among them 6 replicates) between 6:00 - 14:00 LT. The party safely returned around 14:00LT.
00:14 Miri LT:
• MMD started 3 hourly releases of radio sondes from Tawau, beginning Nov. 26, 8:00LT until
Nov. 28, 8:00LT.
25 November, 2011
23:47 Miri LT:
• The RV Sonne is now cruising in Philippine waters between station C9 and C10, and it
approaches again the Malaysian waters from the Zulu sea. Today hourly atmospheric VSLS
samples were taken, additional radio sondes and an ozone sonde were released. All
instruments appear to work properly. The RV Sonne crew is just preparing all measures for
the complex and concerted measurements with the DLR-Falcon tomorrow.
• Today we held a quick-look data meeting, beside the other regular venues fromMiri HQ. A
first look into the (mostly) aircraft data has been impressive and now we are starting to dig
into joint data interpretation.
• Tomorrow, Nov. 26, 2011, the local RV Sonne will debark from Semporna from6:00 LT and
beside biological studies in the oceanic water body, atmospheric VSLS samples will be taken
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on an hourly basis between 6:00 - 16:00 LT.
• Today hourly resolved whole air samples were taken on the ground-based station in the
Sabah Park Facilities on Bohey Dulang Island (4°36'N, 118°47'E)
17:47 Miri LT:
• This morning we performed the SHIVA public awareness day in our HQ fromMiri airport. Po
Teen Lim came over from Kuching and joined the press conference. It was attended by
journalists from the Star, Sinchew Daily, Utusan Borneo, United & RTM. The news from Shiva
& DLR Falcon will be fromleast published in the Sarawak sections of these newspapers. For
http://shiva.iup.unidetails
see
here
heidelberg.de/wiki/index.php/Public_Awareness_and_Dissemination
06:58 Miri LT:
• Today, Nov. 25th is the SHIVA public awareness day, where we expect some teams of
journalists to come to our HQ fromMiri airport. For details see here http://shiva.iup.uniheidelberg.de/wiki/index.php/Public_Awareness_and_Dissemination
06:28 Miri LT (Folkard)
• Further News from Semporna. The (a) MAX-DOAS from Bremen, (b) a meteo station, and (c)
an ozone monitor fromthe Sabah Park Facilities on Bohey Dulang Island (4°36'N, 118°47'E)
now take data. Unfortunately the ozone monitor was obviously dropped on the transport to
Borneo and some parts inside are broken. Mihalis Vrekoussis tried to fix it, but the data
quality is fromleast lower than expected. First analysis of the UV-MAX-DOAS data show no
indication of tropospheric BrO (<1 ppt). Since November 23 in the afternoon the MAX-DOAS
is measuring spectra in the visible range. On November 24 a clear IO-signal was detected.
First rough estimates lead to about 4 ppt of IO in the lowest layers with some variability
throughout the day.
• Nov. 24, 2012 was a day-off for most participants in Miri.
23 November, 2011
23:54 Miri LT:
• Today The RV Sonne performed the regular work on station C5, and later met the boat from
KK local RV Sonne cruises, before continuing the cruise to North Eastern Borneo. All
instruments on the RV Sonne seem to work-well.
• The preparation for the Semporna RV Sonne cruise, sea weed trip, Falcon sorties on the
coming Saturday (26th) and Sunday (27th), and the activities on the RV Sonne are now under
full gear. It is also planned to take air samples for VSLS analysis there, together with another
tracer release experiment.
23:44 Miri LT:
• Also today the 6th Falcon sortie led to the Semporna area where elevated VSLS
concentrations have been detected. The flight started from11:15 and the aircraft safely
returned by 14:23 LT.
Today the local boat KK took-off from UMS jetty by 5:22 LT using the three star vessel and the
UMS Orcaella. Five stations were probed for a wide range of physical, chemical and biological
parameter and water samples were taken. Partly, these were shipped to RV Sonne, which was
met around 10:33 until 12:04. The planned return trip along off-coast Kota Kinabalu had to be
cancelled due to bad weather and both boat safely return to UMS jetty around 13:44 LT.
Cruise data can be found here http://shiva.iup.uni-heidelberg.de/wiki/index.php/Local_RV
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Sonne_%26_Lab_measurements#Actual_cruise_data_2
22 November, 2011
03:15 Miri LT:
• Further News from Semporna. The (a) UV-MAX-DOAS from Bremen, (b) a meteo station, and
(c) an ozone monitor (which measure ozone concentrations ~20 ppb) fromthe Sabah Park
Facilities on Bohey Dulang Island (4°36'N, 118°47'E) now take continuous data. First analysis
of the MAX-DOAS data show no indication of tropospheric BrO in the data (<1 ppt). Due to
hardware problems one channel of the MAX-DOAS is not working properly. Therefore the UV
channel will be switched to the visible in order to measure IO for the rest of the campaign.
01:35 Miri LT:
• Also today (Nov. 21), the 4th Falcon sortie took place to detect the initial concentration of
the artificial tracer. The flight started by 14:30 LT and the aircraft safely returned by 18:23 LT.
Tomorrow, Nov. 22th the dispersed tracer cloud will then be detected as it stretches in the
horizontal and further into the atmosphere.
• The local bofromfrom KK Meeting and dry run (21.11.11) ensured all tasks divided up, all
parameters covered and all participants aware of important factors such as sunscreen, water
etc. Timings measured during dry run mean we should successfully meet the Sonne on time.
Keep checking the white book for KK local boat etc. life jackets and radio on boat is
confirmed.
21 November, 2011
13:58 Miri LT:
• Today, Nov. 21, 2011 around 10:25LT, the artificial tracer was released close to RV Sonne
station C4. On Sunday, Nov. 20, 2011, 10:00 LT from03.1525 N, 112.1266 E, close to the C2
station of the RV Sonne i.e. in between Kuching and Bintulu, high bromoform concentrations
in the water of 20-50 pmol/L were measured. (Kicki).
07:24 Miri LT:
• Local boat KK: Security issue (life vests, communication skills, provision of food and sufficient
liquids, sun protection, et cetera) needs now more to be more firmly addressed.
00:09 Miri LT:
• The 4th and 5th Falcon sorties will take place on Nov. 21 and Nov. 22, aiming fromour tracer
experiment. For thfrompurpose the RV Sonne will release an artificial, non-toxic and by no
means harmful tracer between their stations C3 and C4 (off-coast and located in between
Bintulu and Miri on Borneo) on Monday Nov. 21 around 11:00 LT. The tracer cloud will then
be detected near the source during the first sortie (take-off around 14:30 LT), and the second
sortie will monitored its transport and dispersion. Our forecast models (FLEXAPART and NASA
Hysplit) are indicating thfromthe cloud will move over the ocean towards the Indonesian
border. Eventually it provides novel information on the across transport through planetary
boundary layer during moderately weak vertical convection, indicated by marine
Stratocumulus, which are seen as fundamental for many across the boundary layer transport
scenarios over the open ocean (Klaus)
20 November, 2011
22:40 Miri LT:
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The local boat from KK plans have been firmed up - timetables are now available on the Wiki,
http://shiva.iup.uni-heidelberg.de/wiki/index.php/Local_RV
see
here
Sonne_%26_Lab_measurements#Timeline.26Schedule_2. EL, FK, YHY arrived today and
began to set up equipment in lab. See KK bofromsection for notes from Kuching cruise.
20:36 Miri LT:
• Despite rumours to the contrary, David is alive and well and as handsome as ever. He just has
3 stitches in his nose following an altercation with a metal WASP (fortunately no glass
samplers were damaged in the process!)
10:24 Miri LT:
• News from RV Sonne: On Sunday, Nov. 20, 2011, 10:00 LT from03.1525 N,112.1266 E, high
bromoform concentrations in the water close to station C2, i.e. in between Kuching and
Bintulu with 20-50 pmol/L were measured. Yesterday (Nov. 19th, 2011), methyl-iodide
reached 20 pmol/L in the water, but the micro-Dirac doesn't show elevated atmospheric VSLS
abundances (Kicki).
•

19 November, 2011
23:09 Miri LT:
• Concerted radio sondes have been launched from the MMD station fromKuching and the RV
Sonne, starting 15:00 LT on Friday 18th until Sat. 19th, early afternoon. The data can be
found on the daily overview pages, see c.f. here http://shiva.iup.uniheidelberg.de/wiki/index.php/Daily_overview_19.11.
22:47 Miri LT:
• Good news from Semporna. The past two days, Enno et al., installed the (a) UV-MAX-DOAS
from Bremen, (b) a meteo stations, and (c) an ozone monitor (which measure ozone
concentrations ~20 ppb) fromthe Sabah Park Facilities on Bohey Dulang Island (4°36'N,
118°47'E). The station appears to be brand-new and well equipped, and say it is hard to
imagine security issues there since parks rangers are around.
22:40 Miri LT:
• A third Falcon sortie was undertaken to chase convective outflow in the Kota Kinabalu region.
Take-off was around 15:46LT and then the aircraft ascended to F370. Once the forecasted and
Radar detected evolving Cb cloud was found south-west of KK, the Falcon surrounded the
upper part of cloud and penetrated into the outflow region several times fromF370, later
F390 and F400. On the way back home the aircraft safely landed fromMiri around 18:13 LT on
Saturday 19, 2011.
14:51 Miri LT:
• The RV Sonne met with the local Kuching bofromfrom01.5126 N, 110.4178 E between 11:00
and 12:30 on Nov. 19th, 2011. Water sample which were taken during the local RV Sonne
cruise were handed over to the RV Sonne.
14:41 Miri LT:
• The second Falcon sortie took place today Friday 19th, 2011. Roll-out was from10:15 LT, and
take-off by 11:07 LT. The aircraft headed to Kuching fromF26, surrounded the RV Sonne 3
times around 12:00 LT fromlow altitude. Then it started to fly the zig-zag flight pattern
from300ft, 900 ft, 1600 ft and 2300. On the way back fromfinally F260, the Falcon could not
again pass by the RV Sonne due to operational constraints. The aircraft safely landed in Miri
around 14:25 LT.
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A third Falcon sortie is now planned to chase convective outflow in the Kota Kinabalu region.
Take-off is scheduled around 15:45 LT.
13:23 Miri LT:
• The Rendezvous of the local boat Kuching with the RV Sonne started around 11:00 and
ended around 12:30. The exchange of samples took place, but local bofromparticipants could
not bark on the RV Sonne due to too dangerous waves.
11:02 Miri LT:
• On the diurnal station C1, the RV Sonne measured high methyl iodide concentrations in the
oceanic water, which haven’t been measured by the crew before. No idea about the
concentrations yet, it could be about 10 pmol/L (BQ).
10:24 Miri LT:
• 10:03 LT: The local boat are reporting to see the RV Sonne
07:21 Miri LT:
• The local boat Kuching started on Nov. 19, 5:27LT. Actual position data can be found here:
http://shiva.iup.uni-heidelberg.de/wiki/index.php/Local_RV
Sonne_%26_Lab_measurements#Actual_cruise New track through deeper water. Plan is to
travel 30mins (10knots) then spend 40 minutes froma station and repefromthe procedure
until the RV Sonne is reached.
•

18 November, 2011
21:44 Miri LT:
• The local bofromfrom KK plans have been firmed up - timetables are now available on the
http://shiva.iup.uni-heidelberg.de/wiki/index.php/Local_RV
Wiki
,see
here
Sonne_%26_Lab_measurements#Timeline.26Schedule_2
18:28 Miri LT:
• The Local bofromfrom Kuching will depart the jetty from5.30am (5am meet fromjetty, don't
forget passports!). New track through deeper water. Plan is to travel 30mins (10knots) then
spend 40 minutes froma station and repefromuntil we reach the RV Sonne. GPS taken
fromeach site will be used to plot the cruise track after the trip.
17:54 Miri LT:
• In Miri we are intensively using the MERIS HYGEOS-POLYMER chlorophyll-a product for flight
plannng issues, thanks to Tilman and Astrid, see c.f. here http://shiva.iup.uniheidelberg.de/wiki/index.php/File:Chl-a_POLYMER_20111111-20111116.png
15:57 Miri LT:
• The RV Sonne reached the C1 station from14:45LT; Sea level pressure: 1006,4 hPa, Air
temperature: 28,50 °C, Humidity 80%, Wind direction: ~205°, Wind speed: 2.34 m/s.
Concerted radio sondes are launched by the MMD station fromKuching (intervals 4 hourly)
and the RV Sonne (interval 2 hourly). Radiosonde launches are interrupted tomorrow, Friday
19th, 2011 by 11:00 LT, when the Falcon is expected to overfly the RV Sonne.
• The second Falcon sortie is planned for tomorrow, Friday 19th, 2011, roll-out by 10:15 takeoff by 10:45LT. The flight will lead on FL 330 to Kuching, where a stepwise descent will be
done to overfly the RV Sonne. Further down the flight, a zig-zag pattern with individual steps
will be flown eventually reaching 3000 feet, on for 4 steps. Then the Falcon will again descend
to farewell of our water based colleagues, and head home on a low level flight.
01:51 Miri LT:
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•

Local boat from Kuching : remember we start 1 hour earlier tomorrow (5am fromjetty?) and
to bring your passport!

•
17 November, 2011
16:23 Miri LT:
• The First Falcon sortie was successfully performed on Nov. 16, 2011. Take-off was around
12:15 LT and the aircraft returned from15:20 LT. The cruise led along coast to Kuching
from300 feet, and then while ascending in steps to F350/380 reached Kota Kinabalu, from
where it finally returned to Miri. The Ghost instrument had a major problem in the last 1/3 of
the flight all other instrument worked well.
16:00 Miri LT:
• The RV Sonne is on its cruise. All instruments (70) except the DLR Picarro are running, and we
are regularly receiving the radiosonde data. The C1 stations will be reached on Friday 3 4pm. Oceanic water fromdepth of 01, 04, 07, 10, 13, and 22m are taken beginning this
evening by 20:00LT.
09:24 Miri LT:
• The local bofromfrom Kuching completed a wet run successfully. Bofromtrack may have to
be altered to reach deeper waters. Down time for local bofromcrew today (17th).
05:50 Miri LT:
• UBremen team (Enno Peters and Mihalis Vrekoussis) arrived in Semporna on Nov. 16., 2011
in late afternoon. Instruments arrived safely today. Plan is to set up ground-based
instruments on Nov. 18. Sabah Park Facilities on Bohey Dulang Island (4°36'N, 118°47'E)
appear to have a security problem, therefore Enno et al. are daily returning to Semporna.
16 November, 2011
15:16 Miri LT:
http://shiva.iup.uni• The
RV
Sonne
position
in
the
register
heidelberg.de/wiki/images/4/40/Sonne_track.txt is now correct from 4:20 UTC, Nov. 16, 2011
on.
13:26 Miri LT:
• The RV Sonne is on its cruise and we are receiving radio sonde data. Oceanic water has also
already been taken. The instruments in the container are becoming subsequently
operational.
• The First Falcon sortie is just taking place with the aircraft first cruising along coast to Kuching
from300 feet, and then while ascending in steps to F350/380 will head to Kota Kinabalu, from
where it finally returns to Miri. Take-off was around 12:15 LT and it is expected to be back in
Miri from15:15 LT.
08:49 Miri LT:
• Today the local bofromfrom Kuching started a first wet run by 6.30LT (sms from Lim, 7:45 LT).
00:31 Miri LT:
• The RV Sonne took the first ocenaic samples and launched a radio sonde fromstation 1 on
Nov. 16, 1:00 LT. . The RV Sonne position in the register http://shiva.iup.uniheidelberg.de/wiki/images/4/40/Sonne_track.txt appears to be incorrect!
15 November, 2011
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23:42 Miri LT:
• RV Sonne is heading frommax speed towards Malaysian waters and the 1st station, which
should be reached around midnight (Nov. 15/16) LT. There first oceanic samples will then be
taken, but the crew is under enormous stress (email from Birgit on 22:46 LT, Nov. 15)
11:45 Miri LT:
• First Falcon flight scheduled for Wednesday 12:00 (noon). Flight planning in progress
08:32 Miri LT:
• RV Sonne is fully equipped and is going under steam by 20:00LT (KP)

14 November, 2011
17:46 Miri LT:
• The first steps in preparation for the Kuching local bofromcruise have begun - so far so good!
15:32 Miri LT:
• The air freight has arrived fromthe hangar in Miri and the Semporna freight is on the way
11:56 Miri LT:
• The equipment on the RV Sonne is presently being set-up
07:54 Miri LT
• Power in FALCON aircraft switched on usually 9:00 - 17:00 LT every day.
• requests of changes to thfromtime must be made 1 day ahead
13 November, 2011
14:19 Miri LT:
• 19:30: RV Sonne participants meet fromIBIS Bencoolen, 170 Bencoolen Street, Singapore
10:23 Miri LT:
• No power on FALCON aircraft today on Sunday Nov. 13.
• Security briefing (buildings & aircraft) on Monday, 14 November 11:00 LT
attendance is mandatory for everyone!!
• Telephone and internet line to the hanger in Miri is now established!
12 November, 2011
13:44 Miri LT:
• Telehone and Itnernet line to the hanger in Miri have been stolen, so all internet activity is via
wireless in Hotel (slow) or usb-modems (limited access). Hoping for the line being repaired
before Monday
11 November, 2011
23:50 Miri LT:
• Campaign newsletter #4 uploaded
23:40 Miri LT:
• The regular meeting schedule in Miri for every day is:
09:30 lcl meeting leaders and pilots to produce a flight plan
11:00 lcl Telcon with RV Sonne @ science headquater (office building, first floor on
the
right)
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•

14:00 lcl Science meeting with all Instrument PIs (and who wants to come along) for
mid- and long-term planning @ science headquater
17:00 lcl general briefing for next day planning/ logistics... @ met room (office
building,
first floor on the left)
additional meetings on Saturday, 12 November:
9:00 small group meeting with Frank Probst to discuss logistics, etc
14:00 small group meeting to dicuss options on a first flight on Monday
17:00 scince meeting with all Instrument PIs to find out, if instruments will be fit for a
flight on Monday

• First regular meeting will be Sunday 14:00 LT
19:08 Miri LT:
• FALCON aircraft landed safely in Miri today. Campaign headquaters are being set up.
10 November, 2011
22:17 Miri LT:
• FALCON aircraft landed safely in U-Tapao 11:18 UTC, Nov 10th 2011. Everything is okay.
• Scheduled departure from U-Tapao is 3:00 UTC, arrival in Miri: 5:45 UTC (13:45 local
time)
18:42 Miri LT:
• FALCON aircraft landed safely in Dubai from14:20 local time 10:20 UTC local time, Nov 9th
2011. Everything is so far is all right.
• Scheduled departure from Dubai is 3:30 UTC on November 10th to U-Tapao with
scheduled arrival from11:19 UTC and 1 hour stopover from Hyderabad (6:50 - 7:50
UTC)
09 November, 2011
12:50 Miri LT:
• FALCON aircraft landed safely in Larnaka from 17:05 local time, Nov 8th 2011.
• Scheduled departure from Larnaka is 9:00 local time (7:00 UTC) to Dubai with
scheduled arrival from14:30 local time (10:30 UTC)
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Appendix C: Additional radio and ozone sondes launched by UM and from the RV Sonne
Date

Mid time of
flight
(UTC)

RV Sonne position
Latitude
(N)

RV Sonne Position
Longitude
(E)

RV Sonne sondes MMD sondes

15.11.11

18:00:00

1 33.28967

104 36.13133

Radio-

16.11.11

00:00:00

2 34.13881

104 55.58384

Radio-

16.11.11

06:00:00

3 31.83117

105 20.93068

Radio-

16.11.11

12:00:00

4 19.83115

106 3.48917

Radio-

16.11.11

18:00:00

5 9.83398

106 47.92092

Radio-

17.11.11

00:00:00

5 37.67899

107 43.14751

Radio-

17.11.11

06:00:00

5 34.15743

108 52.03885

Radio-

17.11.11

12.00.00

5 30.69645

109 59.74050

Radio-

17.11.11

18:00:00

4 22.67596

110 12.32868

Radio-

18.11.11

00:00:00

3 14.85903

110 24.04354

Radio-

18.11.11

03:00:00

2 42.56929

110 30.80420

Radio-

18.11.11

05:00:00

2 24.42196

110 34.14211

Radio-

18.11.11

08:00:00

2 24.40047

110 34.16670

Radio-

18.11.11

10:00:00

2 24.42062

110 34.16588

Radio-

18.11.11

12:00:00

2 24.44438

110 34.14744

Radio- &
Ozonesonde

18.11.11

14:00:00

2 24.49629

110 34.12777

Radio-

18.11.11

16:00:00

2 24.42650

110 34.18514

Radio-

18.11.11

18:00:00

2 24.43368

110 34.15933

Radio-

18.11.11

20:00:00

2 24.44445

110 34.15687

Radio-

18.11.11

22:00:00

2 24.38319

110 34.16834

Radio-

19.11.11

00:00:00

2 17.34620

110 35.94160

Radio-

19.11.11

02:00:00

1 54.90274

110 41.15972

Radio-

19.11.11

04:00:00

1 51.26643

110 41.78591

Radio-

19.11.11

12:00:00

2 55.44046

111 7.23971

Radio-

19.11.11

18:00:00

3 27.47001

111 49.89738

Radio-

20.11.11

00:00:00

3 11.56762

112 5.44562

Radio-

20.11.11

06:00:00

3 22.34444

112 33.20952

Radio(Incomplete data)

20.11.11

12:00:00

3 35.43573

112 38.14365

Radio- &
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Ozone20.11.11

18:00:00

3 55.85468

112 27.60576

Radio-

21.11.11

00:00:00

4 18.74403

112 47.59144

Radio-

21.11.11

06:00:00

4 38.53371

113 4.87196

RadioRadio-

21.11.11

12:00:00

5 13.25421

113 43.04097

21.11.11

18:00:00

5 52.93988

114 38.56713

Radio-

21.11.11

20:00:00

6 0.66731

114 46.73385

Radio-

21.11.11

22:00:00

6 0.66585

114 46.73877

Radio-

22.11.11

00:00:00

6 0.65965

114 46.73877

Radio-

22.11.11

02:00:00

6 0.66493

114 46.74532

Radio-

22.11.11

04:00:00

6 0.66708

114 46.76089

Radio-

22.11.11

06:00:00

6 0.64072

114 46.74122

Radio-

22.11.11

08:00:00

6 0.67528

114 46.80597

Radio-

22.11.11

10:00:00

6 0.67287

114 46.71336

Radio-

22.11.11

12:00:00

6 0.61964

114 46.69778

Radio- &
Ozonesonde

22.11.11

14:00:00

22.11.11

16:00:00

6 0.63445

114 46.72565

Radio-

22.11.11

18:00:00

6 0.58074

114 46.63795

Radio-

22.11.11

20:00:00

5 58.55240

114 56.13328

Radio-

22.11.11

22:00:00

23.11.11

00:00:00

5 52.34514

115 36.44724

Radio-

23.11.11

06:00:00

5 54.76444

115 39.69377

Radio-

23.11.11

12:00:00

6 10.19865

114 55.96034

Radio-

23.11.11

18:00:00

6 41.83155

115 26.54620

Radio-

24.11.11

00:00:00

7 19.91722

116 3.72429

Radio-

24.11.11

06:00:00

7 32.28794

116 40.09013

Radio-

24.11.11

12:00:00

7 57.98526

117 36.85637

Radio-

24.11.11

18:00:00

7 55.09993

118 20.17179

Radio-

25.11.11

00:00:00

7 19.84694

119 0.55952

Radio-

25.11.11

06:00:00

7 1.07248

118 55.78932

Radio-

25.11.11

12:00:00

6 21.43025

118 12.80175

Radio-

25.11.11

15:00:00

6 22.24121

118 30.08759

Radio-

25.11.11

18:00:00

6 33.71335

118 45.97352

Radio-

Radio- from Kota
Kinablau

Radio- from Kota
Kinablau

Radio- from Kota
Kinablau

Radio- from Kota
Kinabalu

Radio- from Kota
Kinablau

Radio- from Kota
Kinabalu
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25.11.11

21:00:00

6 32.56267

119 10.79743

Radio-

26.11.11

00:00:00

6 31.04155

119 44.85931

Radio-

26.11.11

01:00:00

Radio- from Tawau

26.11.11

04:00:00

Radio- from Tawau

26.11.11

06:00:00

26.11.11

07:00:00

Radio- from Tawau

26.11.11

10:00:00

Radio- from Tawau

26.11.11

12:00:00

26.11.11

13:00:00

26.11.11

18:00:00

26.11.11

19:00:00

Radio- from Tawau

26.11.11

22:00:00

Radio- from Tawau

27.11.11

00:00:00

27.11.11

01:00:00

Radio- from Tawau

27.11.11

04:00:00

Radio- from Tawau

27.11.11

06:00:00

9 9.10961

120 16.23119

Radio- & ozone-

27.11.11

12:00:00

9 29.16895

120 23.85778

Radio-

27.11.11

18:00:00

10 21.32236

121 17.29964

Radio-

28.11.11

00:00:00

11 25.77760

121 47.74862

Radio-

28.11.11

04:00:00

11 51.44495

121 12.24748

Radio-

28.11.11

06:00:00

12 9.01479

120 59.34662

Radio-

28.11.11

09:00:00

12 38.75147

120 38.00037

Radio-

28.11.11

12:00:00

13 11.34126

120 18.54171

Radio-

28.11.11

18:00:00

14 9.19797

120 11.37001

Radio-

6 30.29572

7 28.72601

120 2.03942

120 6.67275

Radio-

RadioRadio- from Tawau

7 50.40242

8 28.00164

120 8.61198

120 11.97243
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Appendix D: RV SONNE - Report for cruise SO218
See the attachment to this report.
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Appendix E: Radar images made available by MMD
Radar images for Sarawak and Sabah were made available by the MMD for every 10 minutes
of the campaign (Nov. 15 to Dec. 13, 2011), expect for the indicated dates and time below.
Date

Missing image time (not referring to file name) and general remarks

15.11.2011 Nil
16.11.2011 Nil
17.11.2011 1640. 1025 – 1635 Kota Kinabalu radar off for maintenance.
18.11.2011 1810
19.11.2011 0040 & 0640
20.11.2011 Nil
21.11.2011 1250. 1025 – 1250 Bintulu radar off for maintenance.
22.11.2011 0910 ,0930 & 0940. ICT maintenance at MMD HQ Petaling Jaya.
23.11.2011 1340
24.11.2011 1040
25.11.2011 0430,1030,1530,1610,1620,1640,1650 & 1700 Internet line problem.
26.11.2011 Nil
27.11.2011 2010 & 2240 1945 Kota Kinabalu Radar down due to power stabilizer fault.
28.11.2011 1210 1015 – 1325 Sandakan radar off for maintenance.
29.11.2011 Nil
30.11.2011 1420 & 1430
01.12.2011 Nil
02.12.2011 2310
03.12.2011 Nil
04.12.2011 Nil
05.12.2011 Nil. 0825 – 1125 Internet line problems in Kota Kinabalu and Sandakan.
06.12.2011 Nil
07.12.2011 Nil
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08.12.2011 Nil
09.12.2011 1200
10.12.2011 Nil
11.12.2011 Nil
12.12.2011 Nil
13.12.2011 1120,1130,1140,1340,1350,1410, & 1420.

** Kota Kinabalu Radar terminates its operation when it receives irregular power
supply.
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RV Sonne cruise SO218: Singapore-Manila, 15-29 November 2011
Within the frame work of the EU-project SHIVA (Stratospheric ozone: Halogen Impacts in a Varying
Atmosphere) the research cruise SO218 of the German research vessel SONNE was organized and
conducted by the Leibniz-Institute of Marine Sciences (IFM-GEOMAR, http://www.ifm-geomar.de/)
from 15 to 29 November 2011 in the South China and Sulu Sea. The cruise was mainly bound to
investigate tropical trace gas emissions in Malaysian and Philippine waters of various biogeochemical
regimes between Singapore and Manila (Philippines) and their contribution to stratospheric halogens.
Partners on board were from the European project SHIVA - Stratospheric halogens in a varying
atmosphere - (http://shiva.iup.uni-heidelberg.de/) and from Malaysia, the University of Malaya, KualaLumpur (IOES) Universiti of Malaya, Sarawak (UNIMAS), Universiti of Malaya, Sabah) and the
University of the Philippines Diliman, Quezon.

Figure 1: Cruise track of RV Sonne: Singapore-Manila (15-29 November 2011).

Scientific background
Trace gases, containing halogens as chlorine and bromine are broken down by solar radiation in the
stratosphere, where the halogens are highly efficient at destroying ozone. Increasing emissions from
human activities have led to depletion of global stratospheric ozone over the last three decades. Whereas
the chlorine supply is dominated by anthropogenic compounds, a major part of the bromine is supplied
by natural, short-lived species, with oceanic sources. The tropical oceans are a known source of reactive
bromine and iodine to the atmosphere in the form of short-lived brominated and iodinated methanes as
e.g. bromoform (CHBr3). Elevated atmospheric concentrations above the oceans are related to oceanic
supersaturations of the compounds, and to natural photochemical and biological production. Macro
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algae in coastal regions, as well as regionally enhanced phytoplankton, river outflow, photochemical
reactions and local anthropogenic sources all contribute to marine and atmospheric concentrations.
Trace gases enter the stratosphere principally in the tropics, where ascending warm air carries them
upwards. The intense vertical transport of the tropical atmosphere implies that the oceanic sources could
supply significant amounts of halogens to the upper troposphere/ lower stratosphere where they may
contribute to the observed ozone amounts and trends. The tropical western Pacific is a largely
uncharacterized region for the oceanic compounds and a projected hot spot, especially in coastal regions
for their emissions and transport pathways into the stratosphere.
Spatial and temporal variability in production and sea-to-air flux of the short-lived halogenated trace
gases create strong varying marine and atmospheric distributions and thus also varying stratospheric
contributions. The current impact of the natural ozone depleting substances is still highly uncertain and
future changes in the mechanisms, that regulate their emissions to the atmosphere, their transport, and
their chemical processing are largely unknown. Therefore the oceanic emissions have the potential to
cause surprises in the future evolution of the ozone layer in a changing climate, unless they are better
understood. The measurements were thus needed to improve the understanding of future stratospheric
halogen loading and therewith ozone depletion. The results of the SHIVA-SONNE campaign will
contribute to the scientific underpinning of the United Nations Montreal Protocol on Substances that
Deplete the Ozone Layer, to the United Nations Framework Convention on Climate Change, and to
global climate change research.
Objectives, participating institutions and measurements
Of particular relevance during SO218 were oceanic and atmospheric measurements of a suite of shortlived trace gases containing the halogens chlorine, bromine and iodine in various marine
biogeochemical regimes, as close to the coasts, in regions of high chlorophyll, close to coral reefs, in
oceanic upwelling regions and in river outflow, compared to more open oceanic conditions and under
differing meteorological conditions. From these measurements the climate-sensitive oceanic emission
strengths and real contributions of the emissions to stratospheric halogens will be characterized by
modeling.
The atmospheric structure was determined by intense radio and ozone sounding during the cruise. Other
marine trace gases as i.e. nitrous oxide (N2O), dimethylsulfide (DMS), oxygen (O2) and carbon dioxide
(CO2), were investigated as well. In situ and satellite measurements of phytoplankton groups, obtained
by special retrieval methods from the SCIAMACHY and GOME-2 instruments gave further information
about biogeochemical conditions during the ship expedition. Atmospheric concentrations of a variety of
long-lived anthropogenic and natural trace gases were also determined. These measurements will help to
identify transport pathways of the tropospheric trace gases towards and away from the ship. The
measurements on RV SONNE in the South China Sea and along the coastline of Peninsula Malaysia and
Borneo in conjunction with Malaysian research partners were accompanied by parallel measurements
with the DLR Falcon and land-based investigation teams (see: The SHIVA Western Pacific campaign in
November and December 2011, Post-campaign Activity Report by Pfeilsticker, 2012).
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The instruments on board of the ship made quasi-continuous measurements of VSLS and related species
in both seawater and air to determine actual sea to air fluxes, whilst the aircraft carried out surveys of
the larger scale concentrations in the marine boundary layer and in the convective outflow at altitudes up
to ~13 km.
Together with the main scientific objective of the cruise to characterize the oceanic emissions of natural
halogenated gases in the western Pacific, the participating groups followed additional research
questions. Thus, more specifically, the overall scientific program of SO218 included the following
themes, which can roughly be assorted to the individual working groups (Table 1):
1.) HALOCARBONS: Atmospheric and oceanic concentrations of bromine, iodine and chlorine
containing halocarbons, in order to derive their sea to air fluxes.

2.) PHYTO-OPTICS and PLANKTON: Phytoplankton pigments, species and size distribution,
radiation and absorption spectra of seawater and plankton content in order to characterize the
phytoplankton and zooplankton composition and to validate satellite data from the western
Pacific.

3.) OCEANIC TRACE GASES: Oceanic concentrations of dimethyl sulfide and related
compounds (DMS, DMSO, DMSP), nitrous oxide and methane, in order to understand their
distribution in the different biogeochemical regimes of the western Pacific and to gain new
insights into halocarbon sources.

4.) OCEANSENSORS: Identification of carbon dioxide and oxygen sources and sinks;
separation of physical and biological factors for observed sources and sinks, temperature and
salinity; joint evaluation with halocarbons, in order to understand more about their sources and
sinks.

5.) RADIOSOUNDING: Identification of meteorological vertical and ozone profiles in order to
evaluate the mixing layer and tropopause height and to calculate air mass back trajectories to
identify origin of sampled air masses. Finally, to validate chemical transport model results and
the distribution of ozone in the western Pacific atmosphere.
6.) AIRSAMPLING: Determination of anthropogenic and natural trace gas concentrations by
flask sampling, to identify regional and diurnal gradients of some compounds and for
intercalibration of different instruments.

7.) SPECTROSCOPY: Identification of reactive trace gases BrO and IO with Multi-Axis
Differential Optical Absorption Spectroscopy (MAX DOAS) in a three dimensional field and
Cavity Ring Down Spectroscopy as possible decomposition products of organic trace gases and
for validation of satellite-data.
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8.) µ-DIRAC: Quasi-continuous measurements of some VSLS in the marine atmospheric
boundary layer (15 m altitude) for realtime concentrations. For details of the measured
parameters, please refer to Table 2.
9.) Atmospheric trace gases: Continuous measurements of the atmospheric mixing ratios of a
suite of pollution indicators and greenhouse gases (CO, CH4, O3, CO2) in order to investigate
their spatial and temporal variability in the lower tropical marine boundary layer.

10.) CIMS-REACTIVE COMPOUNDS; Continuous measurements of Br2, BrCl, HOBr, BrO,
and ClNO2 and HNO3, HCl, SO2, and HBr in the marine boundary layer with two Atmospheric
Chemical Ionization Mass Spectrometers, a LIF Instrument for IO and a NOx detector, which
were deployed inside a specifically designed 10 ft container on the forecastle deck of the ship.
11.) ATMOSPHERIC AEROSOL: Major ions and halogens in aerosol samples, in order to
identify their sources and quantify the halogen budget in the western Pacific atmosphere.
Table 1: Scientific groups. participating institutions and contacts:
Principal
groupno.+ name
Investigator (PI)
Ship

in water Quack

1a: Halocarbons MS

Fore Name

Quack
Sapii
Magura
Hepach
Raimund

Birgit
Mohamad Zaid bin
Benjamin Z. Magura
Helmke
Stefan

Function
chief scientist
observer
observer
student
technician

University
IFM-GEOMAR
NHD-Malaysia
Navy-Philippines
IFM-GEOMAR
IFM-GEOMAR

Wallace

1b: Halocarbons ED

Qiang

Shi

student

IFM-GEOMAR

Bracher

2a: Biology; Pigments

UM/UNIMAS

2b: Biology, speciation

Palermo
Marandino
Quack
Bange

3a: OVO, C
3b: Ox, Nuts

Altenburg Soppa
Wiegmann
Cheah
Idid
Muhajid
Palermo
Zindler
Marandino

Mariana
Sonja
Wee
Rizman
Aazani
Joseph
Cathleen
Christa

scientist
technician
scientist
scientist
scientist
scientist
student
student

AWI- BREMERHAVEN
AWI- BREMERHAVEN
AWI- BREMERHAVEN
Universiti Malaya Kuala Lumpur
University Malaysia Sarawak
University of the Philippines Diliman
IFM-GEOMAR
IFM-GEOMAR

Schneider

Anke

scientist

IFM-GEOMAR

Kirstin
Henner
Steffen
Franziska

scientist
scientist
student
scientist

IFM-GEOMAR
IFM-GEOMAR
IFM-GEOMAR
IFM-GEOMAR

3c: N20, CH4, DMS
Körtzinger/Tanhua4: PCO2, PO2, S,T

in air

Last Name

Krüger

5: radiosonding

Atlas

6: air sampling

Krüger
Bieligk
Fuhlbrügge
Wittke

Pfeilsticker

7: CE- DOAS

Lampel

Johannes

student

Uni Heidelberg

Harris/ Kreher

8: µ- DIRAC

Kinzel

Julian

scientist

Cambridge/IFM-GEOMAR

Schlager

9: CO, CO2, CH4, O3

Sentian

Justin

scientist

University Malaysia Sabah

Voigt

10a: CIMS, Br

Heard
Hofmann

10b: IO, OH, Hox

Abdullah
Jurkat
Schäuble
Ingham
Bunyan

Nur Aleesha
Tina
Dominik
Trevor
Hannah

scientist
student
scietist
scientist
student

Malaysian Meteorological Dep.
DLR
DLR
Uni Leeds
Uni Leeds

Baker

11: Aerosol

UEA-Norwich
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AWI BREMERHAVEN Alfred-Wegener-Institute für Polar und Meeresforschung, Fachbereich.
Klima.
Bussestraße
24,
D27570
Bremerhaven.de,
email:
Astrid.Bracher@awi.de
DLR

Deutsches Zentrum fuer Luft-und Raumfahrt (DLR), Oberpfaffenhofen, D82234 Wessling, email: tina.jurkat@dlr.de, hans.schlager@dlr.de

IFM-GEOMAR

Leibniz-Institut für Meereswissenschaften, Düsternbrooker Weg 20, D-24105
Kiel, Tel: +431 6004206, Fax: +431 6004205, email: bquack@ifmgeomar.de ; New name for IFM-GEOMAR since 1. January 2012:
Helmholtz-Zentrum
für
Ozeanforschung
Kiel
|
GEOMAR,
bquack@geomar.de, kkrueger@geomar.de

IUP BREMEN

Institut für Umweltphysik, Universität Bremen, Otto-Hahn-Allee 1, D-28359
Bremen, Deutschland, folkard@iup.physik.uni-bremen.de

IUP HEIDELBERG

Institut für Umweltphysik, Universität Heidelberg, Im Neuenheimer Feld
229, D-69120 Heidelberg, email: johannes.lampel@iup.uni-heidelberg.de

MMD

Malaysian Meteorological Department, Jabatan Meteorologi Malaysia,
Kementerian Sains, Teknologi dan Inovasi, Nur Aleesha Abdullah, email:
aleesha@met.gov.my

NHD-Malaysia

National Hydrographic Centre-Malaysia, Comannder Zaid Sapii, email:
zaidsapii@gmail.com

NIWA

Lauder, Central Otago,
k.kreher@niwa.co.nz

Philippine-Navy

ENS Benjamin Zambrano Magura, email: mantarayz12@yahoo.com

RSMAS MIAMI

Rosenstiel School of Marine and Atmospheric Science, University of Miami,
4600
Rickenbacker
Causeway,
Miami,
FL
33149,
email:
eatlas@rsmas.miami.edu

UEA

University of East
alex.baker@uea.ac.uk

UM

Institute of Biological Sciences, Faculty of Science, 50603 Kuala Lumpur,
Dr.Mohammed Rizman Idid, email: rizman@um.edu.my

UM SABAH

Borneo Marine Research Institute (BMRI), Universiti Malaysia Sabah Jalan
UMS, 88400 Kota Kinabalu, Sabah, email: aanton@ums.edu.my

UNI LEEDS

School of Chemistry, University of Leeds, LS2 9JT, UK, email:
t.ingham@leeds.ac.uk

UNIMAS

Department of Aquatic Science, Faculty of Resource Science & Technology,
University Malaysia Sarawak, 94300 Kota Samarahan, Sarawak Malaysia,
Aazani Mujahid, email: maazani@frst.unimas.my

UNI MAINZ

Institute for Analytical Chemistry, D-55128 Mainz, Thorsten Hoffmann, RuJin, Huang, email: rujin@uni-mainz.de
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New

Anglia,

Zealand,

Norwich,

Karin

NR4

Kreher,

7TJ,

UK,

email:

email:

UPHI

Biological Oceanography and Modeling of Ecosystem Lab.,
The Marine Science Institute, University of the Philippines,
Diliman, Quezon City, 1101 Philippines, email: jaydeepalermo@gmail.com

Table
2: Installed and operating instruments on board SO218 ( Singapore-Manila; 15.-29. November 2011)
Installed and operating instruments on board SO218 (Singapore- Manila, 15.-29. November 2011)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Group
Halocarbons
Halocarbons

Instrument
Agilent GC/MS
Fisons GC 8000

Phytoplankton/AWI

Pigments/Filtration
Flowcytometry
Remote sensing (chla maps)
FRRF_Fluorometer
Peristaltik/Pump
Microscopy
Radiation
RAMSES/ Container top
RAMSES/ Monkey deck
Fasttracka/ CTD
Phytoplankton/Malaysia UW Phyt. + Bacteria / Filter (150L water)
CTD Phyt. + Bacteria / Filter (150L water)
Bongo Net/Plankton Net
Phytoplankton/Philippines Infinity ME/ station/ fluorescence
OVOC
GC/ MS
CDOM
DMS
GC
Ox/Nuts
Oxygen

Tracer
PCO2

CTD

Thermosalinograph
Hydrographic shaft

Radiosounding

Air- sampling
Max Doas

µ-dirac
DLR

Leeds

Nutrients
N2O; CH4
Freon samples
PCo 2
PO2 (Oxygen optode)
T
Gas tension device
CTD
Rosette sampler
Fluorometer
T/S
meteorology
CTD
ADCP
sun-Pump
lowara
Radiosondes
Disdrometer
Rainsensor (Rudolph IRSS88)
Ozon- sondes
Atlas flasks
Baker Aerosol
Max Doas HD /Spectrometer (Acton)
Max Doas HB/Spektrometer Shamrock 303i
Cavity HD
GC
cavity ring down (CO2, CH4,H2O)
UV-absorp., VUV-fluoresc. (CO/O3)

CIMS1(BrO, Br2, HOBr)
CIMS2 (SO2,HCl, HBr)
LIF (IO)
Nox-Box (NO2)
Denuder-Hofmann (I 2)

Parameter
iodinated, brominated and chlorinated VSLS
iodinated, brominated and chlorinated VSLS
phytoplankton pigments, chlc3, chlc1+2,

phytoplankton size classes
phytoplankton speciation
chla
water supply
phytoplankton species
Radiane/Irradiance
Radiane/Irradiance
Radiane/Irradiance
molecular characterization
zooplankton
zooplankton
phytoplankton
acetone, acetaldehyde, propanal, butanal, butanon
humic acdis
DMSP, DMSO, DMS
CTD- discrete Winkler Oxygen
NO3-, PO43-,
nitrous oxide, methane
CFC water age
CO2 pressure in seawater
Oxygen in Seawater
SST from Optode
Total gas pressure in water
Temperature and Salinity profiles
water depth samples
chlorophyll
Temperature and Salinity continuous
air temp, humidity, wind speed and direction,
temperature and salinity continuous
ocean surface currents
water samples from 4m depth
water samples from 4m depth
air temp, humidity, wind speed and direction profiles
rain dropsizes
rain
ozone profiles
> 50 trace gases, hydro-, halocarbons, freons, alkylnitrate
aerosol bromine, iodine speciation
BrO, IO
BrO, IO,
IO
CHBr3, CH2Br2, and chlorinated compounds
CH4, CO2; O3; CO
carbon monoxide, ozone
Br, HBr, BrO
SO2,HCl, HBr, nitril chloride
IO
nitrous oxide
I2
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Work program during the cruise
During the SO218 cruise of „RV Sonne‟ from 15 to 29 November 2011 in the South China and Sulu Sea
between Singapore and Manila (Philippines) a variety of chemical and physical parameters within the
surface waters as well as between the atmospheric boundary layer and the stratosphere have been
examined with different measurement frequencies. Data and samples were obtained using a variety of
analytical instruments and sampling devices (Tables 1 and 2). Regular water samples were collected
from pumped supplies submersed in the hydrographic shaft of the ship. Depth profiles were undertaken
at selected locations to investigate the vertical hydrographic structure of the water column and to obtain
trace gas profiles (Appendix 3). Deep profiles of anthropogenic tracers were determined in the Sulu Sea
to determine the water mass age. Several VSLS from sea water and air were analyzed directly on board
the ship.
Table 3: Underway Work plan and sampling strategy on board FS Sonne.
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w: water sample
a: air sample (occasional)
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r: radio sonde
o:ozone sonde
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The working schedule during transit included continuous sampling of seawater, a collection of discrete
air samples, the installation of optical measuring techniques and the uplift of research balloons. During
the cruise samples have been obtained with 52 instruments and sampling devices (Table 2). Routinely
hourly to three hourly water and - air samples have been taken from pump supplies submersed in the
hydrographic shaft, respectively installed on the monkey deck (Work Groups 1,2,3,4,6). Meteorologists
sent weather balloons with trace gas instruments to the stratosphere (up to 30 km height) every six hours
(Work Group 5), with an increased frequency of two hours on the two diurnal stations on 18./19 th and
21./22nd November , which were conducted in open waters each roughly 60 nm off-coast from Kuching
and Kota-Kinabalu.
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After these stations boats from our Malaysian partners at Kuching from the University of MalaysiaSarawak, at Kota-Kinabalu from the University of Malaysia, Sabah visited the RV Sonne. During these
local ship cruises, water samples were taken (at 1 km, 5 km, 10 km, 15 km, and 20 km off-coast) and
exchanged with samples taken in the open ocean by the RV Sonne team. The local boat water samples
were analyzed for their content of trace gases and phytoplankton on board RV SONNE. Open ocean
measurements were thus complemented by near shore and coastal gradients from the local ships and
atmospheric measurements through the troposphere by the aircraft Falcon, starting at the same height of
15m above sea level as air samples were taken on board SONNE.

Figure 2: Meetings and simultaneous measurements of RV SONNE and DLR aircraft Falcon – stationed
in Miri on Borneo during the SHIVA campaign- were and performed on 19th November, 12 o‟clock
local time and on 21st November, 11o‟ clock local time (Photo: Torsten Bierstedt).
The optical sensors and continuous instruments have been installed in the beginning of the cruise on the
monkey deck, the bow and in a research container (Work Groups 3, 7, 8, 9, 10).
Various halogenated hydrocarbons have been analyzed directly on board using a gaschromatography/
mass spectrometry system (Work Group 1). Oxygenated trace gases and dimethyl sulfide were also
analyzed directly with a gas chromatograph/mass-spectrometric system from sea water (Work Group 3),
while carbon dioxide and oxygen were measured immediately with sensors within the upper oceanic
layer (Work group 4). More trace gases in sea water (N2O, CH4) will be analyzed by gas
chromatography post-cruise in the laboratory. Biological sampling included parameters of organic
carbon and nitrogen as well as pigments, the amount and sizes of cells and the composition and activity
of the phytoplankton and zooplankton (Work Group 3). The optical properties of seawater and its
ingredients were measured as reference spectra for the validation of satellite data analysis and models, in
order to detect the composition, distribution and productivity of phytoplankton (Work Group 3).
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Figure 3: Local boats visited the RV Sonne from our Malaysian partners (University of Malaysia-Sarawak) at
Kuching on 19th November at noon and the University of Malaysia, Sabah.at Kota-Kinabalu on 22nd November.

Discrete air samples were taken for partners of the Universities Norwich (15 samples) as well as the
„Rosenstiel School of Marine and Atmospheric Sciences” in Miami (200 samples) (Work Groups 6, 11).
In the respective home laboratories more than 70 anthropogenic and natural trace gases, and elements in
aerosols within the marine boundary layer shall be analyzed following the cruise. Atmospheric profiles
of temperature, humidity and different kinds of trace gases (e.g. ozone, nitric oxide, bromine oxide,
carbon monoxide) were examined on the basis of optical measurements, by rises of research balloons
and mass spectrometers (Work Groups 5, 6, 8, 9, 10).
The majority of samples taken during the cruise have been sent by air freight and are currently analyzed
in the respective home laboratories, while the containers with equipment reach Kiel by end of January
2012 and the dangerous goods container end of February 2012. The analysis of the extensive dataset
from the ocean and the atmosphere collected during SO218 will bring first results in late summer 2012.
The new insights into the interaction of ocean and atmosphere, which will be gained in the next months,
will be presented at international conferences (SOLAS, EGU and AGU conferences) and will be
published in peer reviewed scientific journals.

Figure 4: Release of an ozone-sonde at night (photos: Johannes Lampel).
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Short cruise reports and participating institutions
In the following, short cruise reports from the participating institutions are presented which give an
insight into their objectives, methods and some preliminary results.
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1a Halocarbons in the South China and Sulu Sea
Helmke Hepach, Birgit Quack, Stefan Raimund, IFM-GEOMAR, Kiel

Introduction
The oceans have strong influence on the trace gas concentrations in the atmosphere by sea-airexchange processes. Halogenated hydrocarbons (halocarbons) such as methyl iodide (CH3I),
dibromochloromethane (CHBr2Cl) and bromoform (CHBr3) are important trace gases and are
biologically and (photo) chemically produced in the water column. Macroalgae along the coast and
waters with high phytoplankton densities are known sources for such compounds. River outflow,
photochemical reactions and anthropogenic discharges (e.g. treatment of waste water) are other
important sources and together with the biological sources cause a highly variable pattern of
oceanic halocarbon distribution.
Halocarbons influence the atmospheric chemistry by contributing to the atmospheric halogen pool
and consequently influencing the 'oxidizing capacity' of the troposphere and the stratosphere.
Whereas naturally produced halocarbons mostly supply to the bromine and iodine pool,
anthropogenic halocarbons elevate the atmospheric chlorine pool. In the troposphere, halocarbons
influences the NO/NO2 cycle, stimulates catalytic ozone depletion cycles and influences the life
times of other trace. Rapid deep convection can transport halocarbons to the lower stratosphere
where they may represent significantly to stratospheric halogens and consequently contribute to
ozone depletion.
For a better understanding of chemical processes in the atmosphere (especially in a changing
atmosphere with elevated greenhouse gases), it is necessary to measure oceanic halocarbon
concentrations in so called “hot spots” around the globe. Tropic gas emissions from the ocean
towards the atmosphere are highly interesting, because in those areas, trace gases can enter the
stratosphere where ascending warm air lifted them upwards. Here, when deep convection events
occur, air masses are transported from the troposphere to the lower stratosphere (passing the
tropical tropopause layer, which is the typical barrier for ascending air masses in higher latitudes).

Method
During this cruise (15 to 29 November 2011), we investigated halocarbon distributions in the South
China and Sulu Sea along the coast off Singapore, Malaysia, Borneo and the Philippines on board
the German research vessel SONNE during the SHIVA (Stratospheric Ozone: Halogen Impacts in a
12

Varying Atmosphere) campaign. Samples were taken along the cruise track at 73 different positions
using a submerged water pump under the ship`s keel. Moreover, profiles were taken at 10 CTD
stations with a 24-bottle CTD rosette (10-L-Niskin bottles). At each station samples were collected
in the entire water column with the focus on the upper 150m (surface layer, chlorophyll maximum
layer, lower layers).
Halocarbons were analysed using a purge-and-trap technique and GC-MS. The halocarbons were
quantified in single ion mode. Quantification of volatiles was performed by external liquid
standards. Liquid standards were diluted in seawater and treated like a normal sample. For more
details see Quack et al. (2007).

First results
We were able to measure 13 different halocarbons along the cruise track (at 73 positions) and in the
water column at 10 different positions. First results show, that halocarbon distribution is highly
variable along the cruise track. Near shore samples show typically elevated concentrations, while
samples off shore contain lower halocarbons concentrations. The CTD profiles indicate that
bromoform has a source near or within the Chl-a maximum. However, those findings need to be
carefully confirmed by a thorough data analysis later. Together with the discrete air measurements
(canisters will be measured by Elliot Atlas, RSMAS), our data set will be used to calculate the seato-air gas exchange, after careful intercalibration of data.
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1b Methyl iodide and more halocarbons in the South China and Sulu Sea
Qiang Shi, IFM-GEOMAR, Kiel

Methyl iodide (CH3I) and other volatile iodocarbons are major carriers of iodine from the ocean to
the atmosphere. If methyl iodide goes into the atmosphere, the carbon-iodine bond in methyl iodide
can be easily broken by solar UV radiation (260 nm). This reaction yields methyl radicals and
iodine radicals. The iodine radicals react fast with ozone forming oxygen molecules and iodine
monoxide. These two reactions lead to the destruction of ozone.
From 15.11.11 (Singapore) to 29.11.11 (Manila) the focus was on under way samples. In the first
under way sample, which was closest to Singapore, we can find higher concentrations of halogen
compounds. The preliminary analysis showed concentration of methyl iodide of 9 pmol/L, of
dibromo methane of 15 pmol/L, and of bromoform of more than 70 pmol/L. The variations of
bromoform and dibromomethane in the under way samples were similar. From sample 27 to
samples 36, we can find higher concentration of bromoform and dibromomethane. The highest
concentration of methyl iodide was 11 pmol/L from the sample 26. The reason for the increasing
concentration needs further analysis.

Concentration [CH3I, CH2Br2]/(pmol/L)
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Figure 1: Preliminary concentration of methyl iodide, dibromomethane and bromoform in the under
way samples.
During the cruise I have analysed 12 local boat samples also (6 samples from Kuching, the rests
from Kota Kinabalu).
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Figure 2: The local boat samples by Kota Kinabalu (preliminary concentrations).

Between land and ship we had analysed 5 samples from 5 stations. Station 0 is close to land, and
station 6 is our ship. We can clearly find, the concentration of methyl iodide and bromoform
decreased from land to ship, especially bromoform. The concentration of bromoform in the station 1
was more than 100 pmol/L, then decreased to 30 pmol/l in the station 5, which was very closed to
our ship. For methyl iodide, the variation of concentration was small from station 2 to station 5, the
concentration of methyl iodide was kept at 8 pmol/L.
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2a The relationship between phytoplankton composition and biogenic trace gases during the
SHIVA-Sonne SO218 campaign
Expeditioner: Wee Cheah1, Sonja Wiegmann1, Mariana Altenburg-Soppa1, Joseph Dominic
Palermo2
Principal Investigator: Astrid Bracher1 (not on board)
1

Phytooptics Group, Alfred-Wegener-Institute for Polar and Marine Research, Bremerhaven,
Germany
2

Marine Science Institute, University of the Philippines, Quezon City, Philippines.

Objective

The ocean is the largest source of biogenic trace gases, especially short-lived halocarbons. These
short-lived halocarbons are primary halogen carriers to the troposphere and lower stratosphere, and
catalyse ozone depletion. Although it is widely believed that phytoplankton and other marine
primary producers contribute to the production of biogenic trace gases in both coastal waters and
the open ocean, the mechanisms in the production and release of these halogens into the atmosphere
are largely unknown. Further field studies are required if we are to better estimate the contribution
of these halogens in the atmosphere, especially ozone depletion. The objective of this project is to
investigate the link between phytoplankton compositions and biogenic traces gases around the
Malaysian and Philippines waters. These regions are believed to be an upwelling hotspot for shortlived halogens, but have received little attention.

This project utilised both remote sensing technique and in situ observation to achieve the study
goal. Field measurements of phytoplankton pigment and group composition, optical characteristics
of phytoplankton, and physiological conditions of phytoplankton were investigated on board R.V.
Sonne from 15 – 29 Nov 2011 in the South China Sea and Sulu Sea as part of the SHIVA
(Stratospheric Ozone: Halogen Impacts in a Varying Atmosphere) campaign. Underwater
reflectance and light availability that are highly precise and essential input parameters for the
satellite retrievals and modeling were also measured.
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Sampling strategy (Water samples)
Discrete surface seawaters were collected from the ship‟s underway system and at six different
depths from the CTD/Rosette Niskin Bottle during CTD stations. Sampling that were performed on
board included: (1) filtration of water samples onto GF/F filters for high performance liquid
chromatography (HPLC) pigment analysis, particulate absorption (PABS) and particulate organic
carbon (POC) measurements; (2) water samples were preserved for flow cytometric measurements
and microscopy for later analysis in the laboratory at the Alfred-Wegener-Institute for Polar and
Marine Research at Bremerhaven, Germany; (3) filtered seawater were collected for analysis of
coloured dissolved organic matter (CDOM) fluorescence at University of Kiel.

In-situ optical and fluorescence measurements (1) A Fast Repetition Rate Fluorometer (FRRF)
(Chelsea Technology Group) was used in a flow-through system to provide online data of variable
chlorophyll a (chl a) fluorescence during the cruise; (2) a second FRRF and a multi-excitation
fluorometer were deployed in the water down to 150 m during CTD stations to obtain the vertical
profiles of phytoplankton pigments fluorescence; (3) in-water downwelling spectral irradiance and
upwelling spectral irradiance and radiance sensors were also deployed together with the FRRF
during CTD stations with a set of three TriOS‟s Ramses spectroradiometers, while a fourth sensor is
mounted on deck and measures downwelling irradiance at the sea surface.

Data description

Below are the list of parameters that were measured during the cruise and data that will be obtained
after the cruise.

1. Phytoplankton pigment concentration (mg/m3)
2. Phytoplankton species composition
3. Particulate organic carbon, POC (mgC/m3)
4. Phytoplankton cell size and count
5. Particulate absorption (m2)
6. Maximum photochemical efficiency of photosystem II, Fv/Fm (dimensionless)
7. Relative absorption spectra of phytoplankton at 375, 400, 420, 435, 470, 505, 525, 570, 590 nm
8. Downwelling irradiance at sea surface, Eo [mW/(m2 nm)]
9. Downwelling irradiance in water, Ed [mW/(m2 nm)]
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10. Upwelling irradiance in water, Eu [mW/(m2 nm)]
11. Upwelling radiance in water
12. Photosynthetic active radiation in water, PAR ( mol quanta/m2/s)
Preliminary results

Underway FRRF measurements showed higher maximum photochemical efficiency of PSII
(Fv/Fm) in waters near to the Malaysian Peninsular, which are at the western end of the cruise
transect. Fv/Fm represents the photochemical efficiency of phytoplankton, which is the probability
that light energy captured by photosynthetic apparatus is being utilised as photochemistry. Higher
Fv/Fm values in waters near the Malaysian Peninsular suggest that environmental conditions are
more favourable to phytoplankton in the area compare to other sampling sites. Further analyses
between phytoplankton photosynthetic performance, concentration, halogens, and environmental
variables will be carried after the cruise.
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2b Diversity, Abundance and Molecular Identification of Zooplankton in the South China Sea
Mohammed Rizman Idid
Institute of Ocean and Earth Sciences, University of Malaya

Objective:
1) To determine the diversity, abundance, species composition of zooplankton in South China
Sea.
2) To identify species of zooplankton based on morphological characters and also confirmation
by molecular genetic techniques, eg. DNA sequencing.
3) To relate distribution patterns and the zooplankton communities to the water conditions and
environmental parameters, particularly from coastal to the open sea.

Sampling Strategy
Sampling of zooplankton on RV Sonne was performed based on 3 approaches (due to what was
permissible by diplomatic approvals):

1) Continuous Underway Sampling (every 3 hours) - water of 5m depth was continuously
pumped from the moon pool and filtered using a plankton net with 147µm mesh size. The
usual rate of water flow for the duration of the cruise was approximately 15.4L/min, and the
water was sampled for 30 minutes at every 3 hour intervals.
2) CTD Water Samples- a total of 120 L of water from Niskin bottles of the CTD deployed at
CTD stations was filtered into plankton net with 147µm mesh size. Water was mostly
collected from depths that showed chlorophyll maxima of phytoplankton.
3) Vertical Tow of Bongo Net – water column was sampled vertically using bongo nets with
200µm and 140µm mesh size. Maximum depth sampled was at 65m depth.

All zooplankton samples were washed through a mesh and preserved with 95% undenatured
ethanol. Samples obtained from the bongo-net usually contained gelatinous zooplankton and
were separated from other zooplanktons before preservation. All samples will be analysed in the
laboratory using light microscopy for species identification. This will be complemented by
molecular identification using PCR amplification and DNA sequencing of „barcoding‟ genetic
markers.
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Data Description
A total of 92 water samples were collected from the underway sampling covering areas in
Malaysia and Philippines. Preliminary observations of these samples may indicate that samples
from Philippines contained more zooplankton from the Malaysian waters. In general more
zooplankton were found during night sampling rather than the day. Some of the common
zooplankton obtained from this method were copepods, jellyfish larvae and chaetognaths.
Fifteen CTD samples were obtained which ranged from 10m- 65m in Malaysia and Philippine
waters. Not all samples contained visible zooplankton, and will need closer inspection using
microscope. This sampling method was the least successful in obtaining zooplankton as very
little water was collected.
Eight samples from the bongo net trawls were obtained from the Malaysian waters only.
Deployment of bongo nets in Philippine waters was prohibited and therefore sampling by this
method was omitted. Initial inspection showed that this is the best method to obtain many
zooplankton species. Other than the common copepods and chaetognaths, species of shrimps,
crab and fish larvae, comb-jellies, salps, isopods have been observed. Night sampling also
yielded many species, possibly due to the bright lights on the ship‟s deck.

Expected Outputs

1) Results from this survey cruise will contribute to the species inventory of zooplankton in
this region.
2) Diversity, abundance and distribution pattern of zooplankton and its relationship with
coastal and offshore conditions.
3) Contribute to the „barcoding‟ database of zooplankton. Molecular identification of
zooplankton in this region is fairly new.
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2b Morphological and molecular characterization of phytoplankton, assessment of the microbial
communities, primary productivity fronts

Dr Aazani Mujahid
Faculty of Resource Science and Technolog, Universiti Malaysia Sarawak (UNIMAS)

Background
From the 25th – 29th July 2011, I was kindly invited to be one of five Malaysian counterparts onboard
the Research Vessel (RV) Sonne Cruise No. SO218. Such vital research is timely especially for Sarawak
(and Malaysia in general) as the spatial and temporal coverage of the many aspects of the SHIVAMalaysia (Stratospheric ozone: Halogen Impacts in a Varying Atmosphere, campaign in Malaysia)
research, as well as the objectives to be achieved are unprecedented. Similar expeditions in the past are
rarely done and hardly published.

The equatorial waters of the South China Sea (SCS) surrounding Malaysia and the Philippines are
highly productive (as seen in reports from the SEAFDEC‟s East Coast of West Malaysia 1995-1996
cruises and SEAFDEC‟s Sabah, Sarawak and Brunei Darussalam cruises in 1996-1997) while facing
relatively high human pressures. It hosts many thriving mixed marine ecosystems such as mangroves
endorsed by RAMSAR Wetlands, islands with UNESCO heritage site status, and coral reefs which are
recognised as the world‟s apex for marine biodiversity and partially included into the Coral Triangle
Initiative (CTI) network.

The research here is made possible with the kind permission from the Malaysian and Philippines
Government and was largely funded by IFM-GEOMAR and other related SHIVA counterparts in
Germany and Britain.

Scope of Research

As the UNIMAS counterpart, I have been collecting and preparing samples for Malaysian colleagues
throughout the SO218 cruise which complement SHIVA-Malaysia‟s main aims. Samples are taken for
(i) Lim Po Teen, Prof Ann and Prof Phang, with UNIMAS counterparts who will be studying the
morphological and molecular characterization of phytoplankton species in the SCS; (ii) Moritz Müller
who will be assessing the microbial communities in SCS waters (especially three clusters which are
closely related to phytoplankton blooms and utilize dimethylsulfoniopropionate or DMSP); (iii) I am
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however interested in efforts detecting primary productivity fronts of SCS using Chlorophyll a and
temperature inferred from cruise and satellite dataset. This would include learning to calibrating/
validating with the case-2 data products from the MERIS satellite sensors with suitable in-situ data
obtained in collaboration with the PHYTOOPTICS Group under Prof. Dr. Astrid Bracher (AWI).
Besides that, I will continue to work with Prof Azizan and Lt Cmdr Zaid (Malaysian observer from the
National Hydrography Centre) to process CTD and shallow water ADCP data from SO218. There are
many elements for post-cruise processing in the laboratories which will not be covered in this report.

Methodology

Work on board SO218 mainly involved filtering and fixing of phytoplankton and microbial samples of
seawater sampled from; (i) 5 m depth moon pool pumped into the Geology Lab; (2) rosette Niskin bottle
sampling at discreet depths; (iii) 20 m plankton net tow from 30 m depths from back deck; (iv) leftover
seawater samples from all depths of the rosette. A summarized schematic of the sampling method is
found in Figure 1.

Figure 1: Schematic of sampling method employed on RV Sonne SO218. This includes filtration of estimated
150L of seawater through a 10 m plankton net, and further filtration using filtration system then stored in 50 mL
screw cap bottles with 15 mL saline ethanol at room temperature. Samples come offboard the RV Sonne in
Kuching (KCH), Kota Kinabalu (KK) and Manila.

Processing includes filtration of an estimated volume of more than 150 L of seawater through a 10 m
plankton net, and further filtration through 0.2 m nylon membrane filters. The process takes about an
hour per sample site. This method is employed for all the samples mentioned (i – iv) mentioned, with
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tows and rosette bottles having lesser volumes of water. The sampling detailed notes are in Appendix 1.
As seen in Figure 2 below, in total there are 106 sample sites, with each site having samples for both
phytoplankton and

Figure 2: Map of sampling cruise track of the RV Sonne SO218. The 24 hour operation would sample water
(marked w) every 3-hourly, starting at 0100 everyday. A total number of 106 sites in the SCS have been sampled,
with underway 3 hourly sampling bottles of 32 (phytoplankton and microbial) samples come offboard the RV
Sonne at Kuching (KCH), 78 samples offboard in Kota Kinabalu (KK) and 102 samples offboard in Manila. The
rest of live samples and CTD samples are taken from Manila to Kuching.

Expected Outcomes and Early Results

The expected outcomes from the RV Sonne sampling would be to: (i) determine the phytoplankton and
microbial biomass, composition and distribution in SCS waters; (ii) identify the distribution of Harmful
Algal Bloom species (HABs); (iii) relate the phytoplankton composition with environmental conditions
from the shipboard cruise profile measurements (CTD, fluorometer, ADCP for water properties and
currents) and sea surface satellite parameters (especially Chlorophyll and Temperature); (iv) detecting
species and investigating phytoplankton communities using selected genetic markers and genotyping
systems respectively; (v) studying the role of Rosebacter sp. in DMS release in coastal waters. From the
CTD and fluorometer profiles during the 15 casts, we observed various profiles of temperature,
dissolved oxygen, salinity and chlorophyll which vary spatially between depths and among the stations.
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On several occasions, interesting „steps‟ and gradients of the profiles may visually be seen to be
corresponding with environmental factors such as currents at depths (from ADCP), weather (rain,
windspeed from shipboard weather station) or even position (GPS near coast with river plumes
compared to deep open ocean casts). These are all preliminary assumptions and much more work will
need to be done post processing of samples and data from all groups.

Future Outlook

Further work especially within the coastal waters can be done to improve patchy knowledge of the
spatial/ temporal variability of phytoplankton and microbial communities with relation to the various
environmental conditions. We intend to expand into the novel use of multi-platform tools and
technology, and merging of the satellite, in situ and laboratory results. We also personally hope to
continue such collaboration to improve the gaps of knowledge within the 2011 SHIVA-Malaysia
campaign with our five year in situ data of phytoplankton and microbial communities, and
environmental conditions in selected Malaysian coastal waters, as well as other CTD and cruise datasets
previously unpublished.
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3a Shiva Sonne Cruise Report: Dimethylsulfide and oxygenated volatile organic compounds
Christa Marandino, Cathleen Zindler, IFM-GEOMAR

Dimethylsulfide

Objective: To investigate seawater cycling of dimethylsulfide (DMS), dimethylsufidepropionate
(DMSP), and dimethylsulfoxide (DMSO). The relationship between the concentrations of these
compounds and a variety of biological, chemical and physical parameters will be examined in order
to determine what factors control the magnitude and distribution of the compounds in the surface
ocean.

Background: DMS is the most abundant biogenic sulfur compound emitted to the atmosphere. It is
mainly produced in the surface ocean from the precursor DMSP, a compound excreted by
phytoplankton. Once in the atmosphere, DMS is rapidly oxidized to sulfur dioxide (lifetime
approximately 1 day). The oxidation products of DMS can form aerosols and cloud condensation
nuclei, thereby influencing the Earth‟s radiative properties and climate.

It was proposed by

Charlson et al. (1987) that this air-sea cycling of DMS may be a natural negative feedback loop on
Earth‟s climate system. This so called CLAW hypothesis has yet to be proven.
In addition, it is still not possible to predict the concentrations and distribution of DMS in the
surface ocean. Although many individual components of surface ocean DMS cycling have been
studied, such as production of DMSP by dinoflagellates and cleavage of DMSP into DMS via
DMSP lyase, the surface ocean concentrations of DMS seem to be due to a combination of factors.
One part of the cycle, DMS oxidation, produces the product, DMSO. DMSO is found throughout
the water column, even into the deep ocean. More studies investigating exactly what factors (e.g.
phytoplankton species, bacteria abundance, UV radiation, etc.) control the surface ocean cycling
and concentrations of DMS are still needed.

Methods: DMS, DMSP (dissolved and particulate), and DMSO are measured by purge and trap
gas-chromatography (GC) coupled to a flame photometric detector (FPD). Triplicate samples, 10
mL in volume, are sparged for 10 minutes with a helium flow of approximately 30 mL per minute.
The samples are dried with potassium carbonate and trapped with liquid nitrogen before being
injected on the GC with boiling water. DMSP and DMSO are quantitatively converted to DMS via
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chemical reaction after the sample has been sparged of the ambient DMS.

The subsequent

concentrations of DMS are measured in the way described above.

Preliminary results: Unfortunately, the GC-FPD system did not exhibit adequate sensitivity during
the cruise. Most samples were measured with the gas chromatograph-mass spectrometer system
described below. Separate samples were preserved for DMS, DMSP, and DMSO detection later.
The DMS values measured in situ will be compared to the preserved values.
DMS concentrations appear to be in the low range of <1 to 1 nM. This may be beneath the GCFPD detection limit, but could be seen with GC-MS. The spatial distribution of DMS over the
cruise track is yet to be determined.

Oxygenated volatile organic compounds
Objective: To measure the air-sea concentration gradient of 11 different oxygenated volatile
organic compounds (OVOCs): methanol, ethanol, n-propanol, isopropanol, 1-butanol, 2-butanol,
acetaldehyde, propanal, butanal, acetone, and butanone. Isoprene and DMS air-sea concentration
gradients were also measured.

Background: OVOCs can influence the oxidative capacity of the atmosphere by contributing to
peroxyacetylnitrate and secondary organic aerosol formation, and HOx and ozone chemistry. They
are especially important in regions of the atmosphere where water vapor levels are low, such as in
the upper troposphere. The region of the Shiva Sonne cruise track is especially interesting because
of the highly convective air in this region.

Gases produced at the air-sea interface can be

transported more quickly and directly to the upper troposphere/lower stratosphere, where they have
the greatest impact on atmospheric chemistry. Whether the ocean is a source or a sink of these
compounds to the atmosphere is still an open question. In addition, surface ocean processes of
OVOCs are largely uncharacterized, but it is largely thought that OVOCs are produced by
photochemical reactions of color dissolved organic matter (CDOM) and by biology in the surface
ocean. Uptake of these compounds also seems to be related largely to biological processes.

Methods: The trace gases in seawater were measured via purge and trap gas chromatography
coupled to a mass spectrometer detector (GC-MS). 10 mL samples were sparged with 30 mL per
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minute of helium for 20 minutes through a potassium carbonate drying trap. The trap was then
flushed at 40 mL per minute for an additional 10 mins. The sparged gases were trapped with liquid
nitrogen then injected onto the GC column with boiling water. The masses of each compound were
detected with the MS. Trace gases in air were trapped for 10 minutes in liquid nitrogen headspace
from the bow of the ship using a small pump (flow = approx. 80 mL per minute). Potassium
carbonate was again used to dry the samples. The gases were desorbed with boiling water and
refocused using liquid nitrogen before being injected on the GC and detected in the same way as the
liquid samples. Standards for both air and water were measured daily and 3 4 to 5 point calibrations
for air and water were performed over the entire cruise track.
CDOM fluorescence was measured to characterize the chemical makeup of the CDOM. CDOM
absorbance was measured to determine the quantity in the seawater samples.

Preliminary results: Methanol, acetone, isopropanol, DMS and 1-butanol were observed in almost
every sample. Acetaldehyde, ethanol, propanol, and 2-butanol were also regularly measured.
Propanal, isoprene, butanal, and butanone were either extremely small (below the detection limit) or
not present in most of the samples measured. The air-sea gradient and spatial distribution over the
cruise track is yet to be determined. CTD profiles for DMS and the CTD chlorophyll maximum
depth for OVOCs and isoprene were also measured but the results are not yet known. CDOM
values will be will be analyzed upon return to Germany.
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3c Sampling of dissolved nitrous oxide (N2O) and methane (CH4) during the SHIVA-Sonne SO218
campaign

Exepditioner: Franziska Wittke, Principal investigator: Hermann W. Bange (not on board)
Marine Biogeochemistry, IFM-GEOMAR, Kiel, Germany.

Background

Nitrous oxide (N2O) and methane (CH4) are atmospheric trace gases, which, directly and indirectly,
influence the present-day climate of the Earth. Thus, an assessment of the natural and anthropogenic
sources and sinks as well as the formation pathways of N2O and CH4 is essential both to understand
past Earth‟s climate variability and to estimate the future development of Earth‟s climate. The
world's oceans including its coastal zones, as natural sources of N2O and CH4, play a major role in
the global budget of atmospheric N2O, but only a minor role in the global budget of atmospheric
CH4. However, measurements of oceanic N2O and CH4 are still sparse and the derived emission
estimates are associated with large uncertainties.
N2O in oceanic environments is mainly formed as a byproduct during nitrification (NH4+
NH2OH

NO2–

NO3–) and as an intermediate during denitrification (NO3–

NO2–

N2O

N2). In both processes, the yield of N2O strongly depends on the concentration of dissolved oxygen
(O2). Both, nitrification and denitrification are microbial processes and can occur in the water
column, in the sediments and in the interior of suspended particles. CH4 is formed during the
decomposition of organic material by microbial methanogenesis. Since CH4 formation requires
strictly anaerobic conditions, CH4 is produced in anoxic environments such as sediments, in the
interior of suspended particles, in zooplankton guts during grazing or from biological cleavage of
dissolved precursors such as DMSP and methylphosphonate. Additionally, CH4 is oxidized under
aerobic as well as anaerobic conditions in the water column and in the sediments. On the
continental shelf so-called geological CH4 can be released directly to the water column through mud
volcanoes, via groundwater input, or seepage from gas/oil fields.

Sampling

Samples for the determination of dissolved N2O and CH4 have been taken in triplicates from both
the continuous surface seawater supply and the CTD/rosette casts. Samples have been poisoned
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with HgCl2 (aq) immediately after sampling. All samples were shipped back to our lab in Kiel for
the analysis of dissolved N2O and CH4: N2O and CH4 will be determined by applying the static
headspace equilibration method. Gaseous subsamples of the equilibrated headspace will be injected
onto a separation column filled with 5A molsieve followed by detection of N2O and CH4 with an
electron capture detector (ECD) and a flame ionization detector (FID), respectively.

106 underway samples have been sampled for N2O and CH4 in triplicates every 3h from the
continuous surface seawater supply. 14 CTD/rosette casts and 7 CTD/rosette casts have been
sampled for N2O and CH4, respectively. The final N2O and CH4 data will be archived in
MEMENTO (The MethanE and NiTrous Oxide database: https://memento.ifm-geomar.de/).
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4 Underway measurements of CO2, oxygen and total gas pressure
Anke Schneider, Tobias Steinhoff
IFM-GEOMAR, Kiel
On Sonne cruise SO218 we ran several underway instruments to measure the following parameters:
dissolved oxygen, total gas pressure of all dissolved gases and partial pressure of CO2 (/p/CO2 ).
The instruments were fed with a seawater flow from a submersible pump that was installed in the
ships moonpool (~ 5m depth). All sensors were deployed in a bath (Coleman® cooling container)
that was flushed with the seawater at a typical flow rate of 20 L min^-1 .
Underway measurements
/pCO2 /
For the determination of /p/CO2 a submersible sensor was used (HydroC-CO2). A flat silicone
membrane acts as an equilibrator between the seawater and the inner gas volume of the sensor. The
CO2 concentration in the air circuit is measured by means of NDIR detection.
/Oxygen/
Dissolved Oxygen was determined via an optode (Aanderaa Instruments AS, Bergen, Norway).
This technique is based on dynamic luminescence quenching. The raw data will be processed after
the cruise (applying lab determined calibration function and correction for SSS).
/Gas Tension/
The PSI-GTD-Pro (Pro-Oceanus Systems Inc., Halifax, Canada) measures the total dissolved gas
pressure of all gases. A small sample volume of air is equilibrated to all dissolved gases in the water
through a special membrane. The GTD was also installed in the water bath.
/Sea surface temperature (SST) and salinity (SSS)/
SST and SSS were measured by a thermosalinograph (Eco-Probe, ME-Grisard, Germany) which
was installed in the ships moonpool next to the seawater pump.
Discrete samples
50 discrete samples for the determination of dissolved inorganic carbon (DIC) and alkalinity (TA)
were sampled twice a day. They were collected in 500 mL glass bottles with glass stoppers. They
were poisoned with 100 µL saturated HgCl_2 solution to prevent biological activity (respiration)
and stored in dark. The samples will be measured in the laboratory at the IFM-GEOMAR in Kiel.
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5 SHIVA SONNE SO218: Radio- and Ozonesounding
GRAW radiosounding and ECC ozone sondes:

Kirstin Krüger, Steffen Fuhlbrügge, Henner Bieligk (IFM-GEOMAR)

Scientific background

Although the first signs of the ozone recovery have been recognized in the upper stratosphere since the
beginning of 2000 (WMO, 2007), still unexpected high ozone loss is eventually reported over polar
latitudes since then, i.e. the record ozone loss over Antarctica in 2006 und more recently the first “Arctic
ozone hole” during the winter 2010/2011 (Manney et al., 2011 Nature). Especially the timing of full
ozone recovery in the Northern hemisphere (NH) is quiet uncertain due to the high natural variability of
stratospheric temperatures during winter and the impact of naturally produced halocarbons chemical
compounds, which are yet not adequately addressed in current ozone projections for the 21st century
(CCMVal 2010; WMO, 2011; Manney et al., 2011 Nature).

Despite the well known threat of anthropogenic produced halo fluorocarbons (HFCs) on the ozone layer,
very short-lived substances (VSLS) as bromine and iodine compounds and other natural trace gases
have to be considered for the ozone depletion as well. These chemical species are produced in the ocean,
probably through the metabolism processes of microorganisms called phytoplankton. To better
understand the relationship between marine biochemistry and atmospheric chemistry and physics our
SO218 SONNE expedition aims to investigate these relations into more detail. The tropical Western
Pacific is especially suitable for these VSLS-transport examinations for two reasons: First, the tropical
West Pacific is known to be a source region for halocarbons and has not yet been examined especially
the southern part of the South China Sea. Second, this region exhibits strong convective activity
throughout the year. Thus, active gas exchange between the marine boundary layer and the stratosphere
(altitudes: 17-50 km), where the protective ozone layer exists. Regular (6-hourly) weather balloons are
launched to improve the global meteorological assimilations, which are used as input data for trajectory
and chemical transport calculations within SHIVA project, starting from the ocean surface well into the
stratosphere. The ozonesonde measurements should detect direct chemical effects of the halocarbons or
other chemical relevant trace gases in the atmosphere along and above our ship track.
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Scientific goals

From the SO218-SONNE expedition we will derive new results concerning the atmospheric structure
and content over the southern part of the South China Sea from the marine boundary layer well into the
stratosphere. Given that the expedition cruised well within the tropical belt, we do not expect high
variations in the meteorological parameters. Along the ship cruise from 1° N to 15° N deeper cold point
temperatures within the Tropical Tropopause Layer (TTL) should be measured during November
compared to boreal transition or summer seasons. Given that the cruise takes place in November starting
in Singapore, we expect to be close to the Inner Tropical Convection Zone (ITCZ) with enhanced
convective activity. After the ship cruise we will analyse the air mass pathways (trajectories) from the
surface into the stratosphere. The radiosounding of temperature, wind, humidity and ozone will be used
to validate the meteorological input data and will serve as a starting point for the trajectory calculations
with the Lagrangian dispersion model FLEXPART.

Measurements

We have carried out 6-hourly radiosoundings of temperature, wind, and humidity, using 350 gr balloons
inflated with roughly 25 kbar Helium. This routine observational program was carried out with DFM-09
radiosonde from GRAW. These radiosondes are characterized by their small lightweight package and
easy handling which bears great advantage on an expedition that does not provide dedicated balloon
filling and launching facilities. Also, the ground receiver equipment (antenna, radio data acquisition)
was made available at no cost from the Germany Weather Service (DWD) in Lindenberg and could be
easily installed on the vessel.

Ozone sondes were launched along the western and northern coast of Borneo usually at 19 LT (11 UTC)
together with a GRAW radiosonde (DFM-97), using a TOTEX balloon with 1200 gr weight and about
80 kbar Helium filling. In total 6 ozone sondes were started during our South China Sea passage as well
as more 73 radiosondes. For the ozonesonde launch a DFM-97 radiosonde was tight together with the
ozone instrument equipped with a 30 m enroller. These large balloons had to be filled in on deck. In
order to avoid premature burst of the balloons during filling, a special cover net (“balloon launcher”)
was used for protection. The balloons and the balloon launcher were produced by the Japanese company
TOTEX. The balloon launches were greatly supported by the scientists and the ship crew by securing
the filling and launching equipment on deck. The balloons reached frequently altitudes above 25 km.
Only one small balloon burst just before starting off due to the narrow passage between the fill-in and
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another 20 feed container. The individual starts of the two described instruments are listed in the
appendix.

First results

Figure 1: Profiles obtained from the radio sounding: Left: Temperature (°C), the dashed line shows the cold point
temperature (CPT) and the solid line displays the lapse rate temperature (LRT); Right: Relative humidity (in %);
Bottom: zonal and meridional wind components (m/s).

Preliminary analysis of our atmospheric profiles reveals first results. The atmosphere along out trip
showed throughout tropical character with minimum temperatures reaching below -85° C around 17 km
altitude (90 hPa), marking the lower boundary of the stratosphere (Figure 1 left). The tropical wind
regime in the stratosphere the Quasi Biennial Oscillation (QBO) is in its Easterly phase above ~23 km
altitude (50 hPa) (Figure 1 bottom). Surface winds were dominantly North Easterlies with maximum
wind speeds reaching regularly above 10 m/s, the typical trace winds (Figure 2 left). Surface air
temperature varied between maximum 29° C minimizing up to 26 °C (Figure 2 right). Sea surface
temperatures (SSTs) stayed above 29 °C most of the time (not shown here), which may be influenced by
the La Nina in the tropical West Pacific. Enhanced convective activity with thunder storms and lightning
occurred in Singapore and at the Northwestern tip of Borneo (Figure 1 right).
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6 Determination of trace gas concentrations in the marine boundary layer

Elliot Atlas, Rosenstiel School of Marine and Atmospheric Sciences, Miami

200 Canister air samples were taken for GC/MS- Analysis of trace gases in Miami. The air samples were taken
three hourly and the sampling frequency was increased to 1 sample per hour at the diurnal stations and close to
the northern coastal Borneo, where we expected interesting diurnal patterns as well.

34

7 Trace Gas Measurements using MAX-DOAS and CE-DOAS instruments

Johannes Lampel, Institute of Environmental Physics, University of Heidelberg, Im Neuenheimer Feld
229, 69121 Heidelberg, Germany. johannes.lampel@iup.uni-heidelberg.de

Motivation
Reactive halogen species (RHS) are known to play an important role in the troposphere as well as in the
stratosphere by, among other processes, catalytically taking part in ozone destruction, NOx and HOx
cycles and thus actually influencing the oxidation capacity of the atmosphere.
They can be created by oxidizing directly emitted halogen compounds, by photolysis of VSLS emitted
from the ocean or in chemical reactions upon surfaces. Iodine compounds can significantly increase
ozone destruction compared to bromine compounds. Additionally eventually form aerosol particles via
self-reactions.
MAX-DOAS measurements provide the possibility of calculating trace gas profiles. It is possible to
measure RHS as well as providing HCHO, NO2 and other data at the same time. Some uncertainties of
concentrations can originate from radiative transport modelling. The in-situ cavity measurements have a
rather well-defined path-length and thus enable us to have additional ground measurements, even though
only a few trace gas species can simultaneously be measured with one instrument due to technical
limitations.

Method
DOAS: (Differential Optical Absorption Spectroscopy) is a method to detect trace gases within air by
measuring light spectra, calculating optical thicknesses and finally fitting trace gas absorption cross
sections known from literature to these to obtain column densities and finally mixing ratios. Differential
means that Mie and Rayleigh scattering are accounted for by removing the broad band structures from
the optical thickness and also reducing the trace gas cross sections to their differential part. The type and
number of trace gas mixing rations which can simultaneously be retrieved depends on the wavelength
range used.
MAX-DOAS: (Multi AXial DOAS) This particular method uses the sun as light source. . Due to changes
in the solar zenith angle and especially by looking at different elevation angles with a telescope results
in different light-paths in the strato- and troposphere. Radiative transport models are used to obtain the
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