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1. SAF ARI-92 OVERVIEW 

Scientific Background 

Recent evidence suggests that biomass burning in its various forms represents a major 

perturbation of atmospheric chemistry, comparable in magnitude to the effects of fossil 

fuel bur:1ing (for a review, see Crutzen and Andreae, 1990). Trace gas emissions from 

biomass burning have been estimated to account for about 1/4 of the global source of 

atmospheric carbon monoxide (CO) and nitrogen oxides (NOx), and about l / 3 of 

anthropogenic non-methane hydrocarbon (NMHC) emissions. Photochemical reactions 

in the plumes from biomass fires may be responsible for as much as 1/3 of the input of 

ozone into the troposphere. The discovery of significantly elevated ozone 

concentrations over large parts of the tropics, detectable by remote sensing from space, 

provided the original stimulus for the development of the Southern Tropical Atlantic 

Regional Experiment (STARE). 

Pyrogenic emissions contribute strongly to the increase of methane (CH4) and CO 

in the global atmosphere. These gases are the main scavengers of the OH radical in the 

troposphere, the species which play a key role as the photochemical 'detergent' 

responsible for the photochemical removal of the vast amounts of hydrocarbons and 

other gases (including CI I4 and CO) entering the atmosphere from anthropogenic and 

natural sources. This may lead to a positive feedback where rising levels of CO and 

CH4 causes a decrease in OH, which in turn contributes to a rise in CO and CH4 

concentrations. Eventually, a new mode of chemical cycling in the troposphere may be 

reached, with severely changed composition of the atmosphere and environmental 

consequences which are altogether unforeseeable at this time. 

Biomass burning also contributes to the greenhouse effect, directly through the 

emission of methane and nitrous oxide (N20), and indirectly through the production of 

tropospheric ozone. On the other hand, smoke aerosols from the fires cause increased 

reflection of sunlight back to space, and thus have a cooling effect. This may be 

amplified by the increase in cloud reflectance, which may be caused by the increase in 

cloud condensation nucleus concentrations due to pyrogenic aerosol emissions. 

Other pyrogenic trace gases, particularly methyl chloride (CH3Cl), hydrogen (H2), 

carbonyl sulfide (COS) and N20, are long-lived enough to be able to diffuse into the 
I 

stratosphere. There, they are photochemically converted to species which play key roles 

in the stratospheric ozone cycle. 



Besides the effects of changing climate and UV radiation, the erruss1ons from 

biomass burning may influence the biota through acid deposition (nitric, formic and 

acetic acid are formed in the plumes) and through perturbations of the nutrient cycles. 

There is a complex interaction between fire and the ecology of grasslands and savannas, 

which is just beginning to be revealed. Fires influence the distribution of plant species, 

and thereby affect the entire food chain. They compete with grazing and microbial 

decomposition as means to mobilize the nutrient pool stored in plant biomass. They 

influence . the microbial ecology of the soils, and thus lead to changes in the trace gas 
•. 

fluxes between soils and the atmosphere. 

It is obvious from these considerations that an investigation of the role of biomass 

fires in atmospheric. chemistry, climate, and ecology is very urgent. It is, however, also 

a very demanding task, ·which requires scientific cooperation across numerous 

disciplines, and between many nations in developed and developing countries. It 

requires the use of state-of-the-art scientific technology under often very difficult logistic 

and environmental conditions. It is in response to this challenge that the present 

program has been designed and initiated. 

The Southern Tropical Atlantic Regional Experiment (ST ARE) 

The observation of dramatically elevated levels of tropospheric ozone in some tropical 

regions, particularly over the southern tropical Atlantic Ocean between South America 

and Africa, led to the hypothesis that biomass burning emissions and subsequent 

photochemical processes may play an important role in atmospheric chemistry over a 

large region of the Earth. This was supported by spaceborne observations which showed 

the observed ozone enrichment to coincide geographically with regions of elevated CO 

concentrations. STARE was designed to investigate the chemical characteristics of the 

ozone-enriched airmasses over the southern tropical Atlantic and to study the sources 

of the trace gases these airmasses. Fires related to deforestation in South America, 

especially Brazil, and savanna fires in South America and Africa were identified as the 

most likely sources. Consequently, STARE was designed to characterize the emissions 

from biomass burning in the source regions on either side of the Atlantic, the transport 

of airmasses from these source regions to the atmosphere over the Atlantic, and the 

chemical transformations occurring in the airmasses. The key chemic~! parameters that 

will be determined during the STARE missions are: 0 3, CO, CO2, HCHO, NMHC, 

CH4, NO, N0 2, NOy, N20, NH3, aerosol chemistry and size/number spectra, as well as 
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various other supporting measurements. These data will be used further in modelling 

studies to investigate the photochemistry and transport of atmospheric constituents in 

the study region. 

The development of ST A RE took place under the overall umbrella of the 

International Geosphere-Biosphere Program (IGBP) which was designed by the 

worldwide scientific community under the sponsorship of the International Council of 

Scientific Unions (ICSU). One of the first IGBP core projects was the International 

Global ~tmospheric Chemistry (IGAC) project, which defined several priority areas of 

research in atmospheric chemistry and its interaction with the biosphere. Tropical 

atmospheric chemistry and the role of biomass bur_ning was identified as one of these 

priority areas, and a steering committee set up to guide the development of an 

international Biomass Burning Experiment (BIBEX). This committee recognized the 

ongoing initiative to develop the ST A RE project, and adopted it as an activity formally 

accepted as part of IGAC and the IGBP. 

Organisationally, STARE consists of two major components which are integrated 

to form the overall scientific program (figure l. I): TRACE-A (Transport and 

Atmospheric Chemistry near the Equator - Atlantic) addresses the source regions in 

Brazil and the Jong-range transport and large-scale distribution of pyrogenic pollutants 

over the southern tropical Atlantic; SAFARI (Southern African Fire-Atmosphere 

Research Initiative) investigates the emissions from savanna fires in southern Africa, 

their transport across the African continent, and the relationship betwe.en fires and 

savanna ecology. Both programs contain remote sensing activities which will determine 

the occurrence of fires in the two continents. 

TRACE-A is based largely on a collaboration between the space agencies of the 

United States (NASA) and Brazil (Il\'PE). They provide the science teams and aircraft 

which will conduct the research flights over Brazil and the Atlantic. The NASA DC-8 

aircraft will operate from a base in Brazil (Brasilia) for the western part of its flights, 

from Ascension Island for the flights over the central Atlantic, from Johannesburg 

(South Africa) for flights over the African continent, and from Windhoek (Namibia) for 

the flights over the Atlantic off the African west coast. Proposed flight tracks are shown 

in Figure 1.2, and the TRACE-A flight schedule is given in Appendix I. The IN PE 

Bandcirante will conduct measurement flights over the source regions in Brazil. The 

large-scale distribution of ozone will be determined using remote sensing from satellite 

platforms (TOMS, SAGE). This information will be complemented by the results from 

a large-scale ozonesonde network with launch sites in Natal {Brazil), Ascension Island, 

Brazzaville (Congo), and, in collaboration with SAFARI, Pretoria (South Africa), and 
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Figure 1.2: Proposed DC-8 flight tracks for TRACE-A/SAFARI. 



Etosha ~ational Park (:\amibia). The launch schedule for the ozonesondes during the 

STARE campaign is included in Appendix I. Some ozone soundings have already begun 

in 1990, and will be continued until after the major STARE/TRACE-A/SAFA RI field 

experiment in September/ October 1992. 

The Southern African Fire-Atmosphere Research Initiative (SAFARI) 

SAFARI represents the African component of the STARE program. In the 

deliberations which led to the formulation of the scientific concept of STA R E, it was 

clear from the beginning that studies in southern Africa would be an essential 

component of such a program. A collaboration between European and African 

scientists \\'as considered to be a natural way of implementing this task, in the same vein 

as the collaboration between Brazilian and LS scientists was established to conduct the 

research in the western part of the ST;\ RE study region. 'When initial discussions 

between German and South :\frican scientists showed that such a collaborative program 

was indeed feasible, participation of groups from other countries was invited through the 

IGBP 1IG:\C-STARC framework. Groups from the following countries are actively 

irn·olved in STARE: Germany, South Africa, ~amibia, Botswana, Zimbabwe, Belgium, 

France, Italy, the Lnited Kingdom, Brazil, the United States and Canada. A science 

team and a steering committee \\·ere formed during a meeting in Johannesburg, 2-4 

September 199 l. All participants in STA RE,'SA FA RI are listed in Appendix II I. 

The scientific structure of the SAFARI campaign 

The SAFA RI field programme is structured to cover the scientific objectives of assessing 

the relationships between fires and savanna ecology in southern Africa, determining the 

emissions from savanna fires in the region, _and studying the tra nsport of pyrogcnic 

emissions across the subcontinent and adjacent oceanic areas. The three main 

components of the project arc, accordingly: a ground component (Section 2) which 

includes work on biomass characterisation in southern African savannas, trace-gas 

emissions before, during and after fires, and aerosol emissions and transport; a 

meteorological component (Section 3) which covers the use and supplementation of 

existing rawinsonde and ozoncsonde networks in southern Africa, ,the installation of 

additional meteorological stations during the field phase, meteorological facilities for 

flight planning, and climatological and meteorological analysis pre- and post-SAFARI; 
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and an airborne component (Section 4) which includes airborne sampling of pyrogenic 

trace gases and particulates to determine plume contents, transformations and 

transports. Included within the ground component is a substantial remote sensing 

section in which satellite data will be used to investigate the distribution and size of fires 

in southern Africa prior to and during SAFARI, and to map fuel loads and 

characteristics in the southern African savanna. 

The various components of SAFARI will operate in southern Africa from 27 

August to 12 October 1992: a tentative timetable of events is given in Appendix I. A 

series of intercalibration experiments is planned for the beginning of the campaign, to 

ensure comparability of results. Facilities in the J oh~nnesburg/ Pretoria area will be used 

as a base for meteorological support, aircraft operations and preliminary chemical 

analyses. Ground monitoring will be accomplished during controlled burns in the 

Kruger National Park, South Africa, during the first half of the experiment, and in the 

Etosha National Park, Namibia, during the second half. There will be two large fires 

(about 5000 ha each) in the K~uger National Park during the periods 16-18 and 23-25 

September. Eight smaller fires will also be available for observation, four during August 

and four in September. Drought conditions throughout southern Africa during the past 

summer have Jed to degradation of bi_omass conditions to such an extent that the really 

large burn planned for the Kruger National Park is not possible. It is also planned to 

have a large fire in the Etosha National Park between 6 and 9 October. It is likely that 

there will also be a number of uncontrolled 'fires of opportunity' in the southern African 

region during the field campaign period. Airborne experiments will be in a particularly 

good position to take advantage of these fires. Aircraft operations will be coordinated 

so that low-level flights using helicopters and/ or light aircraft are synchronised as far as 

possible with mid-level regional flights using a larger aircraft (the DC-3) and with the 

flights of the TRACE-A DC-8 over the eastern part of the TRACE-A area of interest. 

For the period following the SAFARI campaign, a set of data protocol ground 

rules has been established. It has been agreed that a Data Workshop will be held in 

southern Africa in March/April 1993. The suggested venue for the workshop is 

Stellenbosch, South Africa. Prior to and after the workshop the use of data collected 

by each individual/group will be unlimited by that group; following the workshop there 

will be free data exchange among the participants. It has been agreed to provide data 

sets in the form of ASCII files and/or Lotus spreadsheets. Immediately following the 

Data Workshop it is planned to hold a symposium/ conference to .inform interested 

southern African parties of the initial outcome of SAFARI; this will be held in 

Zimbabwe or Namibia. Presentation of the overall results of SAFARI will take the form 
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of scientific conference presentations at an appropriate international conference 

(possibly as a special session) 10-14 months after completion of the project, i.e. before 

mid-1994. Some months after such presentation there will be a local conference in 

southern Africa at which the results of the project will be reported to the southern 

African scientific community. Initial publication will be coordinated as a special volume 

of an appropriate journal ( e.g. Global Biogeochemical Cycles, Journal of Geophysical 

Research, or similar). 
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2. GROUND COMPONENT PROJECTS IN SAFARl-92 

Agency/ Research Group/PI 

USFS (D. Ward et al.) 

2 DECAFE (J.P. Lacaux er al.) 

3 Fores try Canada el al. 

(& South Africa) 

4 ~ASA (J . Levine 

& South Africa) 

5 EPA (R. Zepp & R. Burke) 

6 F orestek,'CSI R (Scholes) 

7 Univ. Port Elizabeth (de Kock) 

8 MPIC (Th. Kuhlbusch) 

9 UVa (M . Garstang) 

10 Univ. Gent (W. Maenhaut) 

11 Univ. Pretoria (I. Taviv) 

Objective 

Characterisation of emissions and 

biomass using ground-based sampling 

Ground stu~ies of biomass burning: gases and 

aerosols 

I3iomass characterisation and fire 

behaviour 

The effects of fire on biogenic emissions of 

nitric oxide and nitrous oxide 

Impacts of biomass burning on soil Ouxes and 

isotopic composition of trace carbon gases 

Modelling carbon & nitrogen cycles of 

savannas 

Distribution & photochemistry of reactive trace 

gas species 

Biomass and residue sampling for elemental 

analysis 

Aerosol composition and transport 

Regional aerosol origin and composition 

Modelling sulphur transport & deposition 
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12 NASA and Forestek/ CSIR Fuel mapping in southern Africa 

13 MPIC, NASA Validation of satellite-based fire detection 

14 NASA & SAC/CSIR Satellite-based detection of active fires 

15 NRI (J. Williams) Regional fire risk and occurrence monitoring 

16 Boston Univ. (E. Lambin) Human ecology of biomass burning 
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Characterization of Emissions and Biomass 

Using Ground-Based Sampling 

D. Ward*, C. Justice0
, J. Kendall0

, R.E. Babbitt* & J .B. Kauffman# 
*US Department of Agriculture, Forest Service, Missoula MT, USA 

0 Biospheric Sciences Division, NASA/ GSFC, Greenbe/r M D, USA 

#Oregon State University, Wiuycombe Hall. Corvallis OR, USA 

In South America and Africa fires occur across a wide range of ecosystems. The 

differences between ecosystems affect both the source strength and characteristics of the 

released smoke emissions. To estimate source strength of emissions over a large region 

req.uires information on average burn area for each saturated pixel {Kendall), and on the 

available biomass per unit area. The emission factor models from this study will be 

applied to the biomass consumed to evaluate the source contribution over given time 

periods. 

The ultimate goal is to improve the overall accuracy of estimating the spatial and 

temporal release of trace gases and particulate matter from fires in tropical ecosystems. 

For Brazil, some 25 to 40 experimental fires are being characterized in support of the 

TRACE-A experiment in four major ecosystems. In support of the SAFARI project, 

an additional 10 to 15 fires will be sampled in at least three ecosystems. The size of the 

test fires will have to be at least 2 ha. 

The experimental design calls for establishing well documented test sites for fires 

burned over a wide range of conditions. B. van Wilgen working with Dr Boone 

Kauffman of Oregon State University and other scientists from southern Africa will take 

the lead in providing the fuels characterization (pre- and post-fire) and fire behaviour 

measurements for each test fire. The tested Fire Atmosphere Sampling System (FASS) 

package (3 per each test) will be deployed in both Brazil and southern Africa (Ward et 

al. , in preparation). In setting up test ar~as for work using the FASS packages, we will 

need to maintain flexibility. At the present time we intend to work in the following 

areas: 

° Kruger National Park (1- 15 Aug 1992) 
0 Zambia for moist savanna ecosystem (15 Aug-7 Sep 1992) 

° Kruger National Park (7-30 Sep 1992) 
0 Etosha National Park (1-15 Oct 1992) 
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Objectives 

The emissions characterization objectives are to: 

a) measure the rate of release of carbon (CO2 and CO) and NO, combustion 

efficiency, the emission factors for particulate matter and gases by phase of 

combustion; 

b) measure the ratios of products of incomplete combustion: CH4, CO, H2, 

· Ci-hCl, alkanes, alkenes, alkynes, aromatics and PM2.5 (mass of particulate 

matter < 2.5 µm in diameter); 

c) measure the graphitic, organic carbon and ·inorganic content (Na, K, S, Cl, Ca, 

etc.) of PY12.5 by phase of combustion and compute weighted average emission 

factors for each fire. Collaborate with A. Tegen, Schonland Research Centre, 

in developing source profiles for biomass burning; 

d) model the release of products of combustion as a function of combustion 

efficiency; 

e) apply the emission factor models as a function of combustion efficiency m 

estimating source strength for-southern African ecosystems; and 

f) pro\'ide a model for relating emissions of CO2 to the atmosphere from 

combustion of wildland tropical fuels. 

The biomass chemical, physical and fire behaviour characterization objectives are to: 

a) quantify total above-ground biomass, nutrient and moisture content prior to 

burning in savanna areas sampled for emissions of trace gases; 

b) quantify the amount of biomass consumed and nutrients volatilized, fractions 

lost through convection and remaining in uncombusted material and ash. 

Emphasis is placed on the effects of biomass burning on C, N, P and S pools. 

~ollaborate with Thomas Kuhlbusch in providing representative samples of 

biomass materials for fuel chemical characterisation; and 

c) determine the relationships between fire behaviour, environmental conditions, 

fuel chemistry and forest biomass to the quantities of biomass consumed and 

associated combustion factors . 

Linkage with other research 

The emissions characterization results will have direct linkage with the results from 

groups performing airborne sampling of smoke plumes. Measurements of combustion 
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efficiency will provide a scaling link with airborne measurements. The rate of release of 

carbon from the sites will give a measurement of the rate of biomass comsumption, 

percent of biomass consumed during flaming and smouldering phases of combustion, 

and the source strength of the emissions on a unit area basis. The rate of release of heat 

will be inferred directly from the measurements of the flux of carbon from the sites. The 

heat release per unit area may be useful in assessing pixel saturation on A VHRR 

imagery. Emissions will be linked directly to the chemical composition of the fuels and 

the comt?ustion efficiency of the fires. Results from the elemental profiling of the 
•. 

inorganic composition of the particles will be useful in providing a signature for particles 

produced from biomass fires. Other trace gases measured using the FASS packages will 

provide conserved tracers that will be useful for interpreting change in the chemical 

structure of the plume moving do.wnwind from the source region. 
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Ground Studies of Biomass Burning Gases and Aerosols 

J.P. Lacaux *, Helene Cachier0
, B. Cros#, et al. 

*Centre de Recherche Almospherique. Campislrous, lannemezan, France 

°CFR. Avenue de la Terrasse.91198 Gif-sur-Yveue, Cedex, France 

# Labora!Oire de Physique de /'A1mosphere. Univ. Marien Ngouabi, 

Brazzaville. Republique Populaire du Congo 

The FOS/ DECAFE 9 1 experiment (Lamto) has enabled the determination of emission 

factors of trace species produced by the prescribed burning of the Guinean savanna of 

I rnry Coast. The experimental strategy used with success was to burn 4 small plots ( 100 

x 100 m), whose ecological characteristics (type of vegetation, chemical content, etc) are 

carefully measured. 

The D ECA FE proposal for SA FAR I pursues the same objective, through the 

quantification of the gases and particulate emissions, as well as their variability in 

relation to the different physical and ecological parameters of the burns. The main aims 

are to confirm the DECAfE results on another type of savanna, in other burning 

conditions for some chemical-compounds (:'\0., l\'Oy, NH3, organic acids and aerosols), 

and to study the reduced products emissions during the smouldering stage. The 

DECAF£ participation in the SAFA RI experiment would focus on the linked problems 

of gaseous and particulate emissions, the characterization of the different types of 

vegetation and burns and the extrapolation of the results through comparisons of 

estimates for the burning of various ecosystems. In this respect, normalizations will be 

conducted by means of various specific indicators: :I: .1C02 - .1CO, Po210, K, etc. 

Pro1>osed measurements 

a) NOx, NO,, NH3, organic acids, .1C02 - .1CO reference, through the direct 

measurement in the smoke plume with a pole ( 4 to 5 metres above the flames), 

following the advance of the fire line in the firebreak (see drawing). It would 

interesting to create 4 plots (50 x 50 m), 2 on plane ground and two with 7- 10% 

slopes for the stratification of the results in back- and head-fires. The big fires can 

also be sampled with the same technique. The smouldering stage .will be studied by 

taking samples after the passing of the fire. The ecological characteristics (type of 

vegetation, mass per ha, chemical content, etc.) will also be determined by taking 
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samples of the savanna vegetation and ashes after the burning. 

i 
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Luminox for ~O. 

~1-130 for ~Oy and \:1-h 

Scrubbers for :\H3 and soluble gases ( organic acids) 

Binos 100 for CO2 and CO 

Ancillary: 

3 scientists (J.P. Lacaux, R. Delmas, ecologist from E?\S) and help of 

approximately 4 southern Africans in field. 

b) Aerosol measurements of C,0 ,.1, C,00,, trace elements (K, ~a, Mg, Ca, Cl, S, P, Si and 

Zn). Source identification would also imply additional studies such as PAH and 

o13C. 

The analyses will be achieved primarily in the laboratory by means of conlometry 

and mass spectrometry (for carbon), RF and AA (for trace elements), electron 

microscopy (for particle morphology), spectrometry (for Po) and 

gas-chromatography (PAH). In the field the sampling unit, which holds the parallel 

lines for CO;C02 (canisters), carbon-Po (glass fibre filters) will work with batteries, 

with a mean sampling duration of 10 minutes. PAH sampling will need high volume 

pumping ( = 1/2 hour) and could run on a power generator. 

The experimental strategy for the collection of the aerosols is t~ stay in the plumes 

(a few tens of metres away) produced by the small plots and in the atmosphere 

polluted by the big fires. The study of the emission through the smouldering stage 
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will be performed by sampling the wisps of smoke after the passing of the fire. 

Ancillary: 

3 scientists (H. Cachier, A. Gaudichet,' P. Bourdon) and help from approximately 

4 southern Africans in the field. 

220 V power supply (I KVA) by a power generator for the aerosol pumping. 

c) Aerosol and rain follow-up: For this part of the study WC would like a technical and 

scientific collaboration between the DECAfE group, the Max Planck Institute and 

a South African laboratory. We propose to follow the particulate carbon mineral 

and organic contents of the rainwater collected on an event basis with automatic rain 

collectors provided by DECAFE. The preservation of the mineral and organic 

contents will be achieYcd by thyrnol and freezing as soon as possible after the end 

of the precipitation. For the particulate carbon content, at the most 24 hours after 

the event, rainwater have to be filtered. A simple procedure with single-use units has 

been applied successfully with trained people in Africa. 

We a lso propose to follow the particulate carbon and mineral content of aerosols 

during the same whole annual cycle as for the precipitation. Information on the 

seasonal trends for the quality ( oxygenated or reduced burns) and amount of 

emissions may be obtained by 24-hour samples taken weekly. For this experiment 

there is a need for 2 separate low-volume filtration lines ( ~ l m3 hr- 1) . 

We can imagine, for this study, a sharing of the chemical analyses between the 

laboratories, for example: 

Soluble chemical content of 1he rainwater: mineral and organic in South Africa to 

avoid transportation and risks of contamination (in collaboration with the 

Laboratoire d'Aerologie de Toulouse). 

Carbon contenl of rainwater: at Gif (CFR) and at the Max Planck Institute for 

Chemistry (MPIC). 

Soluble content of the aerosol: at the Laboratoire d'Aerologie and the Max Planck 

Institute. 

The sampling device for the rainwater would be provided by DECAFE, the sampling 

device for the aerosol by CFR and MPJC. 

The publishing will be coordinated between the three teams (French, German and 
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South African). 

Ancillary: 

A clean site in the South African savannas with a need for I person ( I hr for each 

collected event: 50 aerosol events and 50 precipitation events). 

Milli-Q water supply, 220 V power supply. 

French institutes involved: 

Ce~tre de Recherche Atmospheriques, Campistrous, Lannemezan, France 

C fR, A venue de Ia Terrasse, 91198 Gif-sur-Yvette, Cedex, France 

Laboratoire de Physique de !'Atmosphere, Univ. ~Iarien I\gouabi, Brazzaville, 

Republique Populaire du Congo 
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Monitoring Fire Dynamics and Fuels Characteristics 

of Large-Scale Savanna Fires 

B.J . Stocks*, B. van Wilgen°, D .J . Cahoon#, D .J. McRae* 

and W. Trollope@ 
*Fores1ry Canada, Sault S1e Marie, On1ario, Canada 

° Forest Science and Technology, CSIR, Stellenbosch, South Africa 

#A1mospheric Sciences Division, NASA Langley Researc~ Center, Hamplon, USA 

@Depl of Lives1ock & PasLUre Science, ·university of Fort Hare 

This group will be responsible for the measurement and documentation of fire behaviour 

and fuels on the large experimental fire (several thousands of hectares in size) to be 

carried out in Kruger National Park during SAFARI-92. Canadian a1:d South African 

investigators will work closely in this undertaking which will require a great deal of 

planning and cooperation. The goal is to characterize fire behaviour and biomass fuels 

in a manner that will directly support the helicopter and aircraft measurements of trace 

gases and aerosol concentrations being made in the proximity of each large fire. The 

group will achieve this through intensive pre- and postfire fuels m_easurements and 

real-time aerial and ground-based fire behaviour measurements during each fire. 

Biomass characterization will involve the documentation of preburn and postburn 

above-ground biomass. This will require the intensive sampling of grass and wood fuels 

on each burn site and will be achieved through the use of a stratified sampling scheme. 

Burn areas will be broadly stratified into a few vegetation types using aerial photographs 

and biomass inventoried within each vegetation type using a combination of destructive 

( clipping and weighing) and non-destructive (the Trollope disc metre) sampling 

techniques. These measurements will be carried out before and after each fire to 

determine overall fuel consumption. 

Spread rates will be documented during each fire by helicopter, using a Global 

Positioning System (GPS) to determine the position of the fire front at selected invervals 

throughout the burning period, which is expected to last many hours. In addition, 

reference points visible from the helicopter will be located on the groµnd to supplement 

the GPS measurements. The characteristics of the flame front (height and depth) will 

be documented on videotape. 
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Anemometer towers will be located around the perimeter of each fire to record 

wind velocity and direction continuously throughout the burning period. Additional 

towers will be located within each fire to continuously record in-fire wind dynamics and 

temperature distribution (from ground-level to a height of IO m). Tower data will be 

collected on buried dataloggers and, when combined with· ignition and spread rate, 

information will permit the reconstruction of each burn using a Geographic Information 

System (GIS). In addition, a tower-based video camera will be used inside each burn in 

order to visualize fire characteristics at the time other tower-based measurements are •. 

being made. Thermocouples will be used to determine temperature profiles within and 

above flames and to measure fire residence times essential in determining 

flaming/ smoldering combustion phase periods. 

Fire and windfield dynamics determined through ground and tower-based 

measurements will be combined with atmospheric profile measurement (using 

rawinsonde or minisonde data) to model convection column development. In order to 

validate column heights, aircraft working above each fire (Cessna, DC-3, DC-8) will be 

asked to make measurements or observations throughout each burn. 

In addition, D.J. Cahoon will use 0.'0AA/AVHRR and Defense Meteorological 

Satellite Program (DMSP) data to determine the contribution of these large 

experimental fires to the overall smoke loan being sampled locally and regionally by the 

various aircraft involved in SAFARI-92. This will involve monitoring fires throughout 

southern Africa both prior to and during the experimental burns, and will be a 

continuation of work already underway at NASA Langley Research Centre. 

21 



The Effects of Fire on Biogenic Emissions of Nitric Oxide 

and Nitrous Oxide 

J.S. Levine* & R.J. Scholes0 

* Atmospheric Sciences Division, NASA La~gley Research Center, Hampton, USA 

° Forest Science and Technology, CS/ R. Pretoria, South Africa 

Nitrous oxide (N20) and nitric oxide (NO) are ~ey species. in the chemistry of the 

troposphere and stratosphere. In addition, N20 is a greenhouse gas that impacts the 

climate of the planet. Atmospheric concentrations of N20 and N O are increasing with 

time. Microbial production in soil followed by escape to the atmosphere is a major 

source of both N20 and NO. Recent measurements in temperate soils indicate that 

biogenic emissions of N20 and NO from soil are significantly enhanced following 

burning (Levine et al., 1988). The mechanism of generation is believed to be leakage 

associated with the conversion of soil N H4 to N03. Soil measurements also indicate 

significantly enhanced levels of ammonium (NH4) following burning. The proposed 

research includes chamber flux measurements of N20 and NO from the soil, 

measurements of soil nitrogen (NH4 and N03), nitrogen mineralization, nitrification, and 

microbial population (nitrifiers and denitrifiers) before and after burning. 

N20 and NO flux measurements 
The chamber flux technique will be used for measurements of N20 and NO from the soil 

(Levine er al., 1988). The N20 measurements will be made with a Shimadzu model GC 

Mini 2 gas chromatograph/electron capture detector. The NO measurements will be 

made with a modified LMA-3 Luminox N02 monitor manufactured by 

Scintrex/ U nisearch. 

Nitrogen mineralization measurements 

In situ nitrogen mineralization _rates will be measured simultaneously with, and adjacent 

to, the nitrogenous gaseous flux measurements. This part of the experiment will be 

performed by Ors R.J. and M.C. Scholes of Forestek, CSI R and the Botany 

Department, University of the Witwatersrand respectively. The purpose is to relate the 

gaseous flux to the soil nitrogen cycle, and in particular to the nitrification flux. The in 

situ potential mineralization rate will be measured on the same site by add1ng water to 
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a sample of the undisturbed cores. The anaerobic mineralization index, soil organic 

carbon content, clay content, total nitrogen, ammonium and nitrate concentrations with 

depth will be determined in order to characterize the soil biology, to allow spatial 

extrapolation of the results. 

The measurement ofbiogenic fluxes of selected trace gases will be continued by the 

South African team for some months after the SAFARI experiment. This is because 

biogenic fluxes are likely to be very low in September, due to the dryness of the soil. 

The fluxc::s will peak in November/ December, following the rains and warmer soil 
•. 

temperatures. This extended study will further establish the linkage between flux rates, 

soil water, soil temperature and soil nitrogen cycle, in order to predict the effects of 

burning on biogenic fluxes at times of the year other than the late dry season. 

The South African team, working in conjunction with the Soils and Irrigation 

Research Institute and Forestek, CSIR (both in Pretoria) will use GIS and a model of 

the soil nitrogen dynamics to extrapolate the biogenic fluxes at a subcontinental scale. 

Reference 
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Impacts of Biomass Burning on Soil Flux es and 

Isotopic Composition o.f Trace Carbon Gases 

R.G. Zepp & R.A. Burke 
EPA/ Environmenwl Research Laboratory, Athens GA 30613, USA 

fire is known to have important short and long term effects on Ouxes of trace carbon 

gases between the biosphere and the atmosphere. This research will focus on the effects 

of savanna burning on soil fluxes of trace carbon gases ( carbon dioxide, methane and 

carbon monoxide) an·d on the isotopic composition of carbon gases in the direct 

emissions from the burn. The studies will be conducted as part of a research effort in 

the Kruger ~ational Park in South Africa. 

Post-burn fluxes of trace carbon gases 
The short term effects of fires on soil fluxes are linked to changes in nutrient 

composition of soils, as well as changes in soil temperature and moisture. Burning 

releases nutrients and root litter to soils over the short term, with important effects on 

soil biogeochemical processes that produce or consume CO2, CH 4 and CO . Primary 

mechanisms for nutrient release may be release of nitrogen and other elements from root 

litter through enhanced protease activity fo llowing the burn or direct addition of 

nutrients from the ash. Organic acids added to soils by burning may have important 

effects on the bioavailability of certain trace metals such as aluminium and released 

acetate may stimulate methanogenesis in anaerobic regions of soils. Soil temperature 

and moisture are altered by canopy removal and decreased shadin g, blackening of the 

soil surface, and reduced evapotranspiration. 

In addition to its effects on trace gas fluxes, removal of C, N and S from savanna 

by repetitive burning may have important long-term ecological effects on savanna soils 

that may reduce carbon storage. It is generally assumed that savanna burning has no 

net effect on carbon storage in savannas due to rapid post-burning regro-wth of 

vegetation. Data that support this assumption are sparse, however. There are reasons 

to believe that repetitive burning may reduce carbon storage in savannas over the long 

.term. For example, the removal of nitrogen by burning, if not balapced by N uptake 

by nitrogen fixers, can limit vegetation growth thus reducing net primary productivity 

and, ultimately, carbon storage in soils. This research will not address these long term 
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effects, although the Kruger National Park studies could provide the springboard for 

such investigations. 

Based on these considerations, we pro·pose the following hypotheses to be tested 

by this study during the Kruger savanna burns: 

I) CO2 fluxes from burned soils will be considerably higher than from the soils 

prior to the burn due to increased biological activity associated with high 

nutrient and biodegradable organic inputs from burned vegetation and dead 

.;roots. Moreover, the increases will be much larger when precipitation starts 

follov;,ing the burning season. Past studies by Morris e l al. ( 1982) indicate that 

soil CO 2 fluxes in South African savannas _increase by a factor of 20 during the 

wet season compared to the dry season. 

2) Methane sinks in savanna soils will be reduced by biomass burning as a result 

of enhanced nitrogen cycling in the soils (Steudler el al., 1989). The addition 

of burning-derived ammonia (Levine et al., 1988, 1990) should reduce methane 

consumption by ammonia oxidisers in the soils. On the other hand, this effect 

may be reduced by increases in the rate of methane oxidation that may result 

from increased soil temperature that follows the burn. Moreover, release of 

acetate from burning may cause the soils to become net methane sources, if the 

soils have sufficient moisture content to become anaerobic ( Levine el al., 1990). 

3) The enhanced soil biological activity derived from burning will enhance soil CO 

sinks. D ata on the magnitude and direction of CO fluxes in savanna soils are 

sparse and conflicting, so we would not be surprised if this hypothesis could 

be excluded in the proposed studies. 

These hypotheses will be tested by conducting a detailed short term study in which 

the effects of burning on soil fluxes of carbon dioxide, methane and carbon monoxide 

in soils are investigated. The flux studies will be conducted in the field before, during 

and after the burn (immediately and at various times thereafter, especially after 

precipitation events) and through laboratory experiments with soil cores obtained from 

the burn site . before and after the burn. These measurements will be accompanied by 

measurements of ancillary data relevant to evaluating the biogeochemical processes that 

drive the fluxes. Ancillary data will include meteorology (precipitation, wind speed, 

barometric pressure, solar radiation), soil temperature, moisture, pH, porosity and 

texture, the soil flux and profiles of 222Rn, nitrogen (inorganic species, organic N), and 

vegetation prior to burn (type and density). Root biomass will be quantified and soil 

organic matter from different soil depths will be fractionated into water soluble organics 

( organic acids etc.), labile organic matter (mineralization lifetime < l year, defined as 
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low-density fraction), and more-refractory organics (high-density fraction). Graphitic 

carbon and organic matter, including refractory organic compounds such as polycyclic 

aromatic hydrocarbons (PAHs) will be analysed in the burned biomass residue on the 

soil surface immediately after the burn. The PAH data may be useful as a burning 

marker for future studies. 

Stable carbon isotope measurements 
We also· propose to measure the stable carbon isotopic composition J 13C of CH4, CO and 

CO2 emitted as a result of burning. Carbon isotope compositions have been used in 

isotope mass balance models (Lowe el al., 1988; Stevens and Engelkemeir, 1988; Wahlen 

e1 al., 1989; Quay e1 al., 199 I) to estimate that biomass burning contributes about 10% 

of the global .Oux of methane to the atmosphere. \11 easurements to date indicate that 

methane produced by biomass burning is considerably less 13C-depleted than and thus 

is an important isotopic counterbalance to the bacterial methane from other important 

anthropogenic sources such as rice and cattle (Stevens and Engelkemcir, 1988; Wahlen 

el al., 1989). The observation that methane from biomass burning is relatively less 
11C-deplcted appears to be based on only six published measurements, however. Five 

of the six measurements yielded methane with a J 13C within a few % 0 of the measured 

(Stevens and Engclkemcir, 1988) or presumed (Wahlen el al., 1989) J 13C of the biomass 

that was burned. In three of the four samples analysed by Stevens and Engelkemeir 

( 1988) the J 13C of methane, carbon monoxide, carbon dioxide and the biomass fell within 

a 5%o range. In the fourth sample, however, the methane was about 8% 0 more 
13C-depleted and the carbon monoxide was about 10%0 less 13C-depleted than the 

biomass that was burned. It was suggested that the greater carbon isotope fractionation 

observed in the latter sample was caused by combustion at lower temperature as a result 

of the wood being wet (Stevens and Engelkemeir, 1988). This one sample provides a hint 

that 13C-fractionation associated with the production of methane and carbon monoxide 

during biomass burning may be related to combustion efficiency. Based on data from 

chaparral and boreal forest fires, Cofer el al. ( 1989) suggested that there are three 

general stages of fire intensity, i.e. smouldering, flaming and intense flaming with 

maximum combustion efficiency during the flaming stage. To test the hypothesis that 

carbon isotope fractionation is a function of combustion efficiency, we propose to 

analyse the J 13C of methane, carbon monoxide and carbon dioxide formed during the 

different stages of burning. We further propose the same analJ'.ses in laboratory 

experiments in which parameters that affect combustion efficiency (e.g. moisture, oxygen 

availability, fuel type) can be varied. Comparison of the field and laboratory studies 
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should allow us to identify the dominant processes responsible for determining the 

carbon isotopic composition of the important carbon gases emitted during biomass 

burning. 

Methodology 

The flux of methane, carbon monoxide and carbon dioxide will be measured with closed 

chamber (Mosier, l 989) and gas chromatography techniques. Samples will be prepared 

for stable isotope determination by the methods of Stevens and Krout ( 1972) and Rust 

and Stevens (I 980). Soil flux and profiles of 222 Rn will be measured by the method of 

Dorr and M unnich ( 1987). Soil ancillary data will be determined using proc~dures that 

have been described by Anderson and Ingram (1989). 
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lVJodelling the Carbon and Nitrogen Cycles of Savannas 

R.J. Scholes 
Fores1ek, CSIR, PO Box 395, Pretoria, South Africa 

There is a large body of existing theory and data that can be integrated into a series of 

models tha(will predict the changes over time of carbon and nitrogen pools in African 

sa rnnnas. Such a suite of models wold have numerous applica tions in tropical forestry 

a nd agriculture, as well as being' a valuable research tool in the fundamental field of 

global biogeochemistry. The immediate use to which such models could be put is to 

extrapolate trace gas emissions measured in a few locations during the SAFARI 

programme to a subcontinental scale. 

The word 'model' is used here in its most general sense, as a set of rules relating 

a given set of input values to a predicted output. In most c~ses, the proposed models 

either exist in rudimentary form or consist of a few fairly simple theoretical relationships. 

The following table lists the family of models which are needed to address the 

biogeochemistry of sa\'annas at a regional scale. 

lnpUL variables Output variables 

1. Monthly or daily rainfall, max & min Water balance 

temperature, altitude, soil depth & 

water holding capacity 

2. Soil total nitrogen, temperature, Nitrogen mineralisation 

water balance & mineralogy rate 

3. Soil nitrogen mineralisation rate, Soil fertility index 

cxtr. phosphorus, mineralogy, depth 

and stone content 

4. Vegetation type, soil fertility, Leaf & littei: chemistry 

water balance 
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5. Water balance, temperature, soil Plant production by 

fertility, plant cover component 

6. Rainfall, temperature, litter Litter decomposition rate 

composition and amount, herbivory 

and fire frequency 

7. Staqding dead mass, litter mass, Fire rate of spread, fuel 

biomass, rainfall & temperature consumption & intensity 

8. Fuel chemistry, fuel consumption Fire emission amount & 

fire intensity, emission factors composition 
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Biomass Burning: Distribution and Photochemical Interactions 

of Reactive ~race Species 

A. de Kock 
Oceanography Department, UniversiLy of Porl Elizabeth, Porl Elizabeih, 

South Africa 

Apart from CO2 , many products of incomplete combustion that play important roles in 

atmospheric chemistry are emitted during biomass burning. This include products such 

as hydrocarbons and nitr.ogcn oxides (::\0,) which play important roles in atmospheric 

photochemistry. 

Alkyl nitrates arc products of 01 I-initiate hydrocarbon oxidation in the presence 

of :\0,. Other organic nitrates arc formed when alkenes, carbonyl and biogenic 

hydrocarbons react with :\03, 01 I and ?\0,. Studies havce indicated that alkyl nitrates 

may be an important component in the reactive nitrogen budget (NOY). For this reason 

as ,..,·ell as their significance to OI-1-:\0, and ozone chemistry, detailed information is 

required to understand the sources, composition, concentration and transport of organic 

nitrates in the troposphere. 

This proposal is to extend our investigation of alkyl nitrates in the troposphere. 

The objectives of our research here at the Department of Oceanography is to focus on 

the occurrence of organic nitrates and their relationship to other reactive ·nitrates and 

atmospheric trace gases. 

Participation by the Department of Oceanography in the SAFARl-92 programme 

will provide an opportunity for one PhD student to measure and compare a suite of 

organic nitrates at remote sites subjected to episodic inputs of air masses containing 

primary and secondary organic emissions. It is envisaged that measurments will 

commence before burning and continue after burning has taken place. 

Most of the methyl chloride in the atmosphere is of natural origin; primarily from 

the oceans. Limited available data suggest that biomass burning and other 

anthropogenic sources could account for about 30% of the total source strength. The 

photochemical breakdown of methyl chloride is a significant source for active chlorine 

in the stratosphere. The concentration and temporal trend of methyl ,chloride emissions 

in a coastal environment forms the basis of an MSc study. Involvement in field and 

project work during SAF ARI-92 will not only enhance this study but provide valuable 
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information, on a comparative basis, with regard to methyl chloride and other 

halocarbon emissions to the atmosphere. 

Carbonyl compounds such as aldehyde; ketones and organic acids are emitted by 

natural sources and formed by biomass burning. Carbonyls are photolyzed, thereby 

generating odd hydrogen radical species (HO,) which are responsible for the 

hydrocarbon oxidation.. Both aldehydes and ketones are precursors of ozone and other 

oxidants. Their distributions and variation in the lower t roposphere is not well defined. 

An inve~iigation on the distribution of aldehydes in the atmosphere is presently being 

undertaken at the Department of Oceanography. Our aim is to develop suitable 

analytical procedures to monitor carbonyl compounds both in clean and anthropogenic 

influenced air masses. Collaboration with the international teams will provide an 

opportunity for an MSc student to gain experience in sampling and analytical 

techniques. The measurements made during SAF/\RI will add to the interpretative 

value of the project presently undertaken. It is envisaged that the participants would 

concentrate on collaboration with international research teams studying chemistry using 

airborne sensors during the field programme and would become involved in laboratory 

analyses associated with the field work. 
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Biomass and Residue Sampling for Elemental Analysis 

- T. Kuhlbusch 

Atmospheric Chemiszry Department, Max Planck lnstituze for Chemislry, 

A1ainz, Germany 

The potentially extremely significant implication of the continuing rise of CO2 in the 

atmosphere has Jed to intensive studies of the atmospheric input and removal rates of 

CO2 and the biogeochemical cycle of carbon (Bolin, 1979; Likens, J 98 1; Crutzen, 1990; 

Detwiler, 1988). 

The amount of biomass exposed to fire worldwide has been estimated by Crutzen 

and Andreae ( I 990) to be 2. 7-6.8 Pg C yr- 1• Given a burning efficiency of about 25 per 

cent for tropical forests and 75 per cent for savanna regions (Seiler and Crutzen, 1980), 

a large fraction of the biomass remains on the field as unburned organic matter and 

charcoal ( elemental carbon). The objective of this research is to obtain a better 

estimation of elemental carbon as a product of biomass burning. Because of its 

estimated long residence time {> 1000 years), elemental carbon has been proposed by 

Seiler and Crutzen ( 1980) as a significant sink of biospheric carbon, CO2 and as a source 

for 02. Two mechanisms, photochemical degradation and microbial breakdown, have 

been proposed for elemental carbon, but the evidence to support their occurence in the 

environment from laboratory experiments is not especially convincing (Goldberg, 1985). 

Correlation studies will be done to explore whether a relationship exists between . 

elemental carbon and gaseous emissions. 

l\tl ethodology 

Samples of biomass and residues directly after the fire will be collected to dete~mine the 

moisture and elemental composition (C, H, N, S), the amount of biomass exposed to fire 

and the burning efficiency. The residue will be treated by selective extraction to remove 

the main fraction of inorganic and organic carbon. A thermal evolution method will be 

used to quantify the elemental carbon content. 
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Characterisation of Aerosols over Southern Africa (CASA) 

l\tl. Garstang (PI) & S. l\tlacko 
Department of Environmental Sciences, Universily of Virginia, 

Charlouesville VA, USA 

The obje~tive of CASA is to determine the source characteristics of aerosols originating 

over the savannas of south-\,·est Africa \,·here source characteristics include: 

a) aerosol soze distribution and composition, distinguishing between products from 

biomass burning and erosion of mineral soils; 

b) concentrations of water extractable (bioavailable) nutrients m surface soils and 

aerosols; 

c) fluxes of aerosols from identified source areas; and 

d) meteorological processes associated with aerosol emissions from source areas and 

subsequent long-range transport. 

We plan to install and run high volume air samplers (dual intake Teflon/ Fibreglass 

filters) at Etosha :\ational Park, :\amibia and at Victoria Falls, Zimbabwe, and Kruger 

?\ational Park, South Africa, for the duration of T RACE-A;SAF A RI 

(September-October 1992). Our objective is to collect aerosol samples both at and 

downwind from the various source regions for analysis at >!ew Ham pshire University (R. 

Talbot), the University of Virginia (S. Macko) and the University of Gent (W. 

Maenhaut). At the University of :'\1ew Hampshire a complete chemical and particulate 

analysis will be made. At the University of Virginia isotopes of C and N will be isolated 

as tracers to be used in conjunction with airborne aerosol sampling and sampling on the 

ground at Ascension Island and at a minimum of two stations in Brazil. 

The analyses will enable the isotopic characteristics of continental as well as dry 

and wet regimes to be used to fingerprint the source regions of air masses and to trace 

their trajectories. The combined trajectory, isotope and general circulation analyses will 

provide results that ar:e expected to show important consequences for both continental 

and oceanic ecosystems from the airborne supply of nutrients. 
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Composition and Origin of the Regional Atmospheric Aerosol in 

southern Africa, and Im~act of Biomass Burning 

W. lVJaenhaut (Pl) 
Instituut voor Nucleaire Wetenschappen, Univefsiteit Gent, 

Gent, Belgium 

The objectives of our research ·are to study the composition of the regional atmospheric 

aerosol at a number of sites in southern Africa, to identify the major aerosol sources, to 

assess the contribution from these sources to the suspended particulate mass and to the 

various aerosol constituents, to examine the impact of biomass burning on the regional 

aerosol composition and to investigate the long-range transport of the biomass burning 

products and of other aerosol constituents. 

To this end, ground-based atmospheric aerosol samplings (regional background 

samplings) will be carried out at three sites in southern Africa, i.e. at Kruger National 

Park (South Africa), Etosha :\ational Park (:\amibia) and Victoria Falls (Zimbabwe). 

This ground-based sampling program will be a co-operative effort with the \fax Planck 

Institute for Chemistry ( \11.0. Andreae) and it is the intention that it will last for about 

two months, starting around 1 September 1992. The sampling devices will consist of 47 

mm diameter stacked filter units (SFCs) with 8 µm pore size and 0.4 µm pore size 

Nuclepore filters placed in series. These SFUs are equipped with a pre-impaction stage 

and are designed to be operated at a flow rate of about 17 lt min- 1• At this flowrate, 

the first .filter collects particles of 2-10 µm equivalent aerodynamic diameter (EAD), 

while the second filter collects the particles less than 2 µm EAD. If feasible, al.so a PIXE 

International Corporation 1 It min- 1, 8-stage cascade impactor (CI) will be set up at 

one of the three sites. The pre-packed SFU cassettes (pre-packed with Nuclepore filters) 

and the pumps and associated flow and volume meters (and also the PIXE C I) will be 

provided by W. Maenhaut. The sampling duration per sample will be 24 or 48 hours. 

The samples will be analyzed in Gent by one or more of the following bulk analysis 

techniques: particle-induced X-ray emission analysis (PJXE) for measuring up to 20 

clements (all with atomic number above Z= 10), instrumental neutron activation 

analysis (I NAA) for up to 40 elements (all with Z > 10), ion chromqtography (IC) for 

determining some major ions ( e.g. sulfate), a simple light reflectance technique for 

determining black carbon, and gravimetry for measuring the total particulate mass. 
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Besides the bulk analyses, also analyses of individual particles will be carried out on 

selected samples. These will be done with nondestructive microanalytical techniques, i.e. 

with electron probe microanalysis (EPMA)· using a scanning electron microscope with 

energy-dispersive X-ray detection, and with nuclear microanalysis using a nuclear 

microprobe and micro-PIXE. The aim of these microanalyses is to determine the 

composition of individual particles, to relate this to the particle morphology and/ or size, 

and to examine the extent of internal/external particle mixing. 

In_ ~ddition to the regional background aerosol samples from the three fixed sites, 

also aerosol samples that are heavily impacted by biomass burning products \\'ill be 

examined. These samples will be (l) ground-based samples taken close to prescribed 

burns, and (2) samples taken from an airplane flying over the fires. With regard to 

option ( I), H. Cachier from the D ECAF£ group has promised to make sucp samples 

available to us as part of a co-operative research effort. As to option (2), H. Annegarn 

from the C niversity of the Witwatersrand, Johannesburg, and \11.0. Andreae from the 

\!lax Planck Institute for Chemistry, :Vlainz, have agreed to co-operate with us, and they 

will arrange the sample collections. The aircraft used for these collections \vill be a 

Cessna (3 I 0) and a DC-3. In addition to the fire-impacted aerosol samples, possibly also 

regional aerosol samples will be collected with the aircraft (particularly with the DC-3). 

For the analysis of the various fire-impacted samples use will be made of the bulk 

analytical techniques indicated above. Also here, selected samples will be subjected to 

individual particle analysis. 

From the bulk analytical results for the aerosol samples that arc heavily impacted 

by biomass burning products, source profiles ( emission profiles) will be extracted. These 

should be very useful in assessing the impact of biomass burning products on the 

regional aerosol composition and in examining the long-range transport of these 

products. 

The multi-element (multi-species) data sets obtained from the bulk analysis of the 

regionally representative aerosol samples (particularly those from the three permanent 

sampling sites) will be examined by chemometric techniques and by receptor models, 

including chemical mass balance (CMB) models and multivariate statistical techniques 

such as absolute principal component analysis (APCA). Furthermore, the data will be 

related to air mass trajectories. The latter will be done in co-operation with M. 

Garstang, University of Virginia, Charlottesville. Within this co-operation· with M. 

Garstang, some ( or part of) the ground-based samples that are collected by him in the 

Etosha National Park may be analyzed by us in Gent. 
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lYlodelling . of Transport and Deposition of Sulphur 

Emitted by Bi~genic Sources 

I. Taviv 
Departmenl of Meteorology, University of Pretoria, Prewria, South Africa 

and S1ewart Scou Incorporated, PO Box 784506, Sandton,_ Sowh Africa 

1\tlotivation and Objective 
Information on the fate of the pollutants emitted during biomass burning is essential for 

determining its impacts. ~umerous chemical and physical processes determine the fate 

of the combustion products. The emitted pollutants arc mixed and dispersed by 

processes of turbulence and buoyancy through the Yertical profile of the atmosphere and 

arc transported horizontally by prevailing winds, sometimes in thin layers that can drift 

over a thousand kilometres. Transport is further dependent on large-scale circulation. 

Simultaneously chemical and photochemical processes convert pollutants during 

transport. The atmospheric simulation models used to simulate these processes cover 

over 200 gas-phase reactions. The liquid phase reaction mechanism consists of about 

30 more chemical reactions. At the same time the various removal processes deposit 

pollutants from the atmosphere onto the ground surface. In vievv of this complexity, 

modelling is necessary to determine the relationship between the emission, atmospheric 

transport, chemical and removal processes and the resultant distribution of air pollutants 

and deposition patterns. 

The objective in this project is to select a state-of-the-art acid deposition model 

and adapt it for local conditions. It will then be applied to estimate the contribution of 

sulphur (S) emitted by biomass burning to the total sulphur deposition on the Eastern 

Transvaal Highveld. Biomass burning contributes only a few percent to ~he global S 

budget, but presents a major source of biogenic sulphur over the continental regions. 

However, the main reason for choosing sulphur for this modelling experiment is that 

most of the air pollution research to date in South Africa has concentrated on this 

pollutant. So it is the only pollutant for which extensive historical data are available for 

model verification. As yet no acid deposition modelling has been undertaken in southern 

Africa. Once the model has been applied for sulphur it can be modified to simulate the 

fate of other pollutants. 
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An additional benefit that this project will bring to the SAFARI programme is the 

compilation of historical data on fire distribution in the study area, which can be used 

later by other projects. 

Research methods 
1. Lirerawre survey: a literature survey will be carried out to identify available acid 

deposition models. The most suitable model will be chosen for use in the project. 

2. Dara colleclion and processing: the acid deposition model will require an enormous 

amount of input data, including meteorological data (wind speed and direction, 

temperature, pressure, humidity, cloud and precipitation data), with both spatial 

distribution and vertical profiles; emission data (temporal and spatial distribution, 

chemical and physical characteristics); and surface data (land uses and surface 

roughness for estimation of turbulence and deposition velocity). It is most likely that 

the meteorological data available in South Africa differ in format, frequency of 

observation and averaging times from the requirements of the model. Therefore 

procedures for reformatting, decoding, unit conversion and temporal interpolation 

of the data will be developed. The emissions from biomass burning will be treated 

as a low level area source. Their emission rates and chemical composition will be 

determined in other SAFARI projects. The historical data on occurrences and 

spatial distribution of biomass burning in the study area will be determined from 

satellite imagery (fire identification image processing methodology is being developed 

as part of the SAFA RI project). The effect of anthropogenic sources will also be 

taken into account. 

I t is probable that not all the information required to produce the input data set for 

the model will be available in South Africa. Therefore all accessible local data will 

be processed to estimate missing parameters. It is likely that an additional literature 

survey will be required to identify the best methods of indirect estimation of deficient 

data. 

3. Analysis of local climatological, emissions and air pollution data: every model is _based 

on assumptions, so that before it can be used it is essential to determine whether the 

model assumptions are suitable for local conditions. This could be done by 

comparing local conditions with the situation for which the specific model was 

developed. If the assumptions are found not to hold for our situation, means will 

be devised to introduce a more suitable set of assumptions. 
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4. Model applica1ion and development: the model will be run on a monthly basis for the 

period 1985 to 1992 (because acid deposition measurements started in 1985). The 

model output will be compared with measured S02 concentrations and the results of 

sulphate deposition, measured by wet and bulk monitoring. ff possible, the model 

will then be modified to improve the agreement between modelled and observed data. 
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Objective 

Fuel l\'Japping in southern Africa 

J. Kendall*, C. Justice*, B. van Wilgen° & R. Scholes# 
~'Biospheric Sciences Division, NASA/ GSFC, Greenbelr JfD, USA 

° Forest Science and Technology, CSIR, Stellenbosch, South Africa 

#Forest Science and Technology, CSIR, Pre1oria, South Africa 

To establish a spatially-distributed database of fuel load and characteristics in southern 

Africa, and couple the database to a model for spatial and temporal interpolation of fuel 

load and characteristics. 

Rationale 
Fuel load and its spatial, size-class and chemical characteristics are the most 

fundamental ground parameters fo r predicting biomass burning emissions. They a re not 

known in a systematic way for southern Africa. This project will also have valuable 

spin-offs regarding the functional mapping of savannas in general, as well as being an 

essential component of regional-scale Oux predictions. 

Procedure 
This project will begin before the main experimental block, and will continue afterwards. 

A first-cut map of fuel distribution will be available by the end of 1992, based on best 

current knowledge and the SAFA RI -92 work. Further revision a nd improvement will 

occur in subsequent years. The methodology will rely on: 

l) existing conceptual models relating climate, soils and vegetation types to 

biomass, tree density and aboveground primary production and decomposition; 

2) biomass and productivity data from published studies and vegetation 

distribution maps; 

3) the collection of additional biomass and standing crop data where necessary; 

and 

4) integration and extrapolation using soil and climate databases, vegetation maps 

and remote sensing data using a G I S framework. 

Funding will be provided by NASA/GSFC and Forestek, CSI R. 
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Validation of Satellite-Based Fire Detection Procedures 

J. Goldammer*, P. Kennedy0 & J. Kendall# 

B. van Wilgen +, W. Trollope@ & A. Potgieter$ 
*Max Planck Jns£i£utefor Chemistry, Biogeochemis£ry Department, Fire Ecology 

& Biomass Burning Group, University of Freiburg, Freiburg, Germany 

Insti£µ£e of Remote Sensing Applications, CEC, Joim Research Centre, Ispra, Italy 

#Biospheric Sciences Division, NASA/ GSFC, Greenbelt MD. USA 

(+Forest Science and Technology, CSIR, $tellenbosch, South Africa 

@Dept of Livestock & Pasture Science, University of Fort Hare 

$National Parks Board, Kruger National Park, Skukuza, South Africa) 

Aims and objectives 
To validate the utility of the Dozier model and current image processing techniques used 

to identify and characterize fires from satellite imagery. Within this main objective there 

are three important aims: 

l. To determine the siz~ and thermal characteristics of fires which can be individualized 

using data from the AVHRR sensor (Validation of the Dozier Model). 

2. To determine the areal/ temperature characteristics of fires which lead to sensor 

saturation. 

3. To increase our understanding of how the reflective component of the sensor signal 

in Channel-3 of the A VHRR contributes to the total signal response. 

Each aim applies to the validation of techniques applied to both day- and night-time 

imagery. 

Rationale 
Although 'hot-spots' can be identified using data from the A VHRR Channel-3 and -4 

there are uncertainties regarding their interpretation as fires. There are many 

environments where surface features can give rise to a spectral response similar to that 

of a fire event and which can cause saturation in Channel-3. Increased knowledge about 

the reflective contribution of surface features and of fire events would help to resolve this 

issue. 

An additional uncertainty regarding the interpretation of satellite data is the 

number, areal and thermal characteristics of fires which contribute to the signal of a 
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single A VHRR pixel. In many cases, for example, it 1s assumed that if a pixel 1s 

saturated the entire I km2 is 'on fire'. 

Design of field experiment 

Key issues concerning implementation of rhe experiments: 

I. The following experiments should be undertaken in accordance with the predicted 

overpass times of the ~OAA-9, -10, -1 1 and - 12. All experiments (unless othern,ise 

stated for particular scientific reasons) should coincide with the time when the 

satellite is directly overhead, i. e. at nadir over the study site. These times can be 

extracted from programs written to simulate the satellite orbits, when the precise 

dates of the SA FAR I field programme are known. 

2. It is proposed that the field experiments are undertaken in both the Kruger and 

Etosha test sites in order to obtain information from two different ecological zones. 

3. It is proposed that one experiment should be undertaken during the day to coincide 

with the day-time pass of the satellite and an identical experiment be carried. out 

during the night to coincide with the night pass of the satellite. 

Controlled burning: 

l. The controlled burning of five to six vegetation plots of known size and 

characteristics. The dimensions of each plot will be determined theoretically by the 

Dozier model for the particular environmental conditions of the two study areas (in 

Kruger and Etosha national parks). 

2. Each burn must be well-separated in the field (at least 3 km apart) but restricted to 

vegetation communities of similar and well documented characteristics. 

3. The location of the plots must be determined in such a way as to maximize the 

requirement of spatial homogeneity and to minimize the possible influence of other 

surface parameters (e.g. dramatic changes in topography, heterogeneous vegetation 

cover, etc.). 

4. The timing of the burns must be planned to coincide with A VH RR satellite overpass 

at nadir. This applies for both day- and night-time experiments. It is proposed to 

undertake the same experiment of burning plots of increasing size during both day 

and night to provide information about the reflective contribut ion of fire events to 
' 

the sensor signal. 
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Darn colleciion: 

Data collection should include the following: 
0 precise dimensions and description of plot being burnt 
0 precise information on vegetation burnt (type, structure, etc.) 
0 pre and post fire estimates of biomass (fuel supply, burn efficiency) 
0 

0 

0 

temperature recordings of the fire 

observations of the rate and direction of burn 

o?scrvations of smoke plume characteristics 
0 temperature of the surrounding environment 
0 meteorological conditions at time of burn (atmospheric moisture, wind speed and 

direction, presence of haze, etc.) 
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Satellite-Based Detection of ActiYe Fires in southern Africa 

C. Justice*, J. Kendall*, P. Dowty0
, T. Boyle# 

*Biospheric Sciences Division, NASA/ GSFC, Greenbelt MD, USA 
0 Department of Environmental Science, University of Virginia, USA 

#Sate/file Applications Centre, CSIR, Hartebeeshoek, Sowh Africa 

Proposed contributions to STARE-92 
1. Provide fire distribwion maps ( at J km resolution) for STARE-92 mission 

planning. These maps will be based on the current NOAA/AVH RR fire detection 

techniques and capabilities. The data set will include the 1989 and 1991 burning 

seasons, July through October, and will be provided daily or in the smallest 

logical increments for these time periods. The data set should be available fo r 

distribution early in I 992. 

2. Coordina1e and proride near real-time fire distribution data for the 1992 

experiments. ':'\ear real-time' will be more specifically defined ea rly in I 992. The 

current limitation in obtaining real time fire data is in the satellite (raw data) 

receiving station link to the fire processing facility. Efforts have been initiated to 

improve upon the current data transfer mechanism and to estimate the time lag 

that will occur during STARE-92. 

3. Establish and dis1ribwe the ( predicted) overpass rimes for the various satellite 

sensors ( NOAA/ AVHRR, Landsat, SPOT) during the 1992 experiment period. 

The experiments planned by the various SAFARI 'ground' groups could provide 

well understood validation sites for evaluating/developing satellite and modelling 

techniques for biomass burning quantification provided that the optimising of 

possible satellite coverage is considered as a parameter in the planning of the 

ground experiments. A compilation of availabe satellite overpass informaton for 

the appropriate time period will be made and distributed to SAFA RI participants 

early in 1992. 

4. Validace and document The current sate/life fire deleCTion procedures. The 

procedures currently used for detecting active fires with the NOAA/AVHRR 
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I km data will be reviewed and documented. A longer term validation study 

using higher resolution data and ground techniques will be initiated; this will be 

an ongoing process involving other re·search groups and will exceed the scope of 

STARE-92. The controlled burn experiments of the I 992 programme will, 

however, be incorporated .in the validation process as the Kruger and Etosha sites 

will offer several well understood data points for the longer term validation 

process. 

5. IniliaEe a regional-based opera1ional fire monitoring programme f or Africa. Efforts 

are now being made to establish an operational fire monitoring programme at the 

Satellite Applications Centre of Mikomte"k; CSIR at Hartebeeshoek, South 

Africa. The acquisition and archiving of the necessary raw satellite data sets, as 

well as the production of a daily fire product (I'\OAA'A VHRR derived) for 

southern Africa are included in the proposal currently under consideration. 

45 



Towards the Development of a Fire Risk and Occurrence 

Monitoring and Warning Capabi,ity in southern Africa (SAFROl\tl) 

J .B. Williams (Pl) 
Narural Resources Ins1i1u1e, Overseas Developmenr Administration, 

Chalham Maritime, Kenr ME4 4TB, United Kingdom 

Background 
The international SAFAR I experiment 1s intended to stimulate and coordinate 

investigation of the atmospheric effects of the extensive seasonal biomass burning in 

Africa south of the equator. Considerable areas of vegetation are burned in southern 

Africa during each dry season. \fost of these fires are uncontrolled burns of which 

few have any net value, many may be relatively harmless, and many represent net 

loss of resources. 

\II onitoring fire risk conditions and the occurrence and extent of fires from the 

ground is not easy, but is often attempted in forestry departments anxious to protects 

plantations and reserves of value. It has been found that monitoring of biomass 

build up, its current state ( dryness/wetness) and the outbreak and areal extent of fires 

can be improved through use of information broadcast directly from the J\OAA 

satellites. This information can now be received in-country and processed on low 

cost microcomputer based receiver systems. 

Project objective 

The project will explore ways of collecting, calibrating/ validating and disseminating 

satellite and ground information on fire risk and fire occurrence in different biomes 

of southern Africa. The wider objective is to establish improved fire control 

operations when and where required. 
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Research collaboration 
The project is proposed as a contribution to the international Southern African 

Fire-Atmosphere Research Initiative (SAFARI). NRI will work with institutions in 

Botswana, ~amibia, South Africa, Zimbabwe and Europe. It is expected that this 

small contribution to SAFA RI will enable the countries concerned in Africa to 

benefit from the results of the international experiment in practical, scientific and 

methodological ways. 

Project activities 
The project will work with existing institutions and activities in each of the countries 

concerned. It will take advantage of existing ground and satellite data sources ( e.g. 

University research, Forestry departments, \1eteorology departments, Wildlife 

departments) and supplement ~·ith field activities where necessary and appropriate. 

It will seek to establish and coordinate local satellite biomass estimation with ground 

validation and related observations as well as local fire risk assessments for different 

biomes. It will also try to marry satelli te and ground based fire occurrence 

observations throughout the year for suitable locations. Combining this information 

with the more detailed and specialised observations taken during the SAFAR I season 

(September to ~ovember) should enable prototype nationwide monitoring 

techniques from existing satellites to be developed and disseminated to interested 

parties. 

Summary of actiYities by country 

Botswana ( Lead organismion: A1eteorological Services Depanment) 

Current negotiations between the Wildlife Department, Meteorological Services, 

EC and N RI should result in a NOAA HRPT becoming fully operational in the 

Meteorological Service <luring early 1992. NRI will provide suitable software for the 

initial biomass assessment, fire risk assessment, fire occurrence mapping, and 

post-fire area estimation, and support for the system in operation. NRI will also 

work on appropriate methods for the local integration and archiving of satellite and 

ground observations, including biomass, vegetation type, landuse overlays, fires and 

meteorological data. Liaison will continue with the Meteorological Service, the 

University, the Forestry Department and Wildlife Department to , expand the scope 

of ground biomass survey activities (quantity, quality and seasonal variation) 

through the year. Information on the biomass burnt each year in Botswana will be 

47 



integrated iflto the SAFARI database in order to understand better the regional 

atmospheric significance of the burning. 

Namibia ( Lead organisarion: Deparrment of Wildlife) 

The Ecological Research Institute at Etosha have UK agreement to provide a 

NOAA HRPT station for operation at the Institute. NRI will support the station 

and expect to develop software as required. A further project is under consideration 

wher~by other government departments and institutes in '.\:amibia would have access 
• , . 

to realtime ~OAA and Meteosat data through the Weather Bureau. Through this 

project agriculture, rangeland and forestry interests will be served. This should 

provide the framework to collate biomass estimation data from throughout the 

country, and link it to Forestry Department fire assessment, monitoring and control 

activities as well as the effects of ex_tensive biomass combustion on regional 

atmospheric composition and climates. 

Zimbabwe ( lead organisation: Department of Meteorological Services) 

:'\RI expect to establish an IIRPT and \t[eteosat receiving system in Zimbabwe 

during 1992. These will be supported by >-:Rf (much as for Botswana above) for the 

purposes of researching the ~DVL'biomass relations, fire risk and fire occurrence in 

a variety of biomcs throughout the country. Liaison is anticipated with the Forestry 

Department, the Cniversity, the Wildlife Department, the Drought Monitoring 

Centre and others towards common aims. The Meteorological Service already 

prepares fire risk assessments for the Forestry Department in Zimbabwe. The 

project will assist with integration of the efTects (scale, occurrence and frequency) of 

biomass combustion from Zimbabwe and neighbouring countries into the regional 

meteorological picture, which comprises the main focus of SAFARI. 

Sowh Africa ( Lead organisacion: University of the WiLwatersrand) 

The main coordinator of the SAFARI experiment is Dr J. Lindesay at the 

University of the Witwatersrand. NRI will collaborate with Wits towards the joint 

objectives of SAFARI and this component. This will comprise coordination of 

activities in time and space wherever possible, sharing data, analytical techniques, 

attendance at meetings, etc. 
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Human Ecology of Biomass Burning in southern Africa 

Eric F. Lambin, Dennis Reinhardt and Daniel l\t1. Kammen 
Department of Geography, Boston University, Boston 1WA, USA 

Obje~tive 
•. 

To develop a regional understanding of the human factors leading to pyrogenic 

emissions in southern Africa. The goals of this analysis are: I) to identify the human 

factors related to intensive biomass burning; 2) to predict future rates of pyrogenic 

emissions; and 3) eventually to define policy initiatives to reduce pyrogenic emissions 

while supporting improvements in sustainable development. 

Rationale 
Any effort to quantify the impact of biomass burning in southern Africa on emission 

of CO2, CH4 and other trace gases must address the cultural context ot biomass 

burning and energy use in the region. 

1\·1 ethodology 
A Geographic Information System (G IS) will be developed. This GIS will 

incorporate databases and analytic functions for evaluating the spatial and temporal 

distribution of biomass burning and wood energy utilisation in relation to key human 

and cultural variables. These variables will include density of population, population 

distribution patterns, types of farming systems (pastoral, rainfed agriculture, fallow 

cycle, irrigation, etc.), land use practices, spatial distribution of ethnic groups, 

fuclwood supply and demand, accessibility, etc. 

The observed distribution of fires will be explained by human and cultural 

spatially-distributed Yariables through a statistical multiple regression model. The 

spatial distribution of fuel load will also be integrated into the analysis. 

A complementary land-based mission will take place to validate our findings and 

to gather more explanatory evidence at a local scale. 
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3. lVIETEOROLOGICAL RESEARCH AND S UPPORT IN SAFARI-92 

Definition of Objectives 

The central thrust of the meteorological programme in SAFARI-92 is to define the fields 

of motion which influence fires and determine the dispersion and transport of products 

from fires. In so doing, the meteorological objectives include basic questions of 

atmospheric process as well as questions which combine meteorology and the chemistry 

of fire products. An example of the former is whether large-scale atmospheric fields of 

motion over southern Africa are markedly different in dry years compared with wet 

years. An example of the latter is the trace chemistry of the fire products, their 

horizontal distribution, deposition and role in marine and terrestrial ecosystems well 

removed from the location of the fires. 

A second objective of the meteorological program,me of SAFA RI is to provide 

operational support for activities during the first field experiment in I 992, and to provide 

a comprehensive description of meteorological conditions prevailing during the 

experiment for analytical purposes after completion of the field experiment. 

The overall structure of the meteorological programme in SA FA RI-92 is 

summarized in Tables 3.1 and 3.2. A description of the approach contemplated in the 

meteorological programme then follows, together with a description of the operational 

and proposed ground meteorological sites and a listing of specific meteorological 

sub-experiments. 

Description of the Approach 

r ires in ecosystems are influenced by meteorological factors such as wind velocity, 

temperature, atmospheric humidity, rainfall and soil moisture. The fate of biomass 

burning products, including chemical reactions in the presence of insolation, clouds 

(liquid water) and humidity (water vapour), is largely dependent upon atmospheric fields 

of motion. 

The transport of trace gases and aerosols from fires by the atmosphere is scale 

dependent. It is believed that during spring, at the time of most fire,s over subtropical 

southern Africa, anticyclonic flow is dominant over the subcontinent south of 15°$. 

Under these anticyclonic conditions strong low-level inversions prevail, inhibiting the 
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TABLE 3.1 

SAFARI- 92 METEOROLOGI CAL PROGRAMME 

1.,. ' OPERATIONAL SUPPORT ' / RESEARCH 

\/ 

t,, ,J 
OPERATIONS f ' SPECIAL SYSTEMS AI RCRAFT OPERATIONS I '- / GROUND I 

AEROSOL SAMPLERS 

'I/ · ii 1 
SMALL . Cessna/H'copt er OPERATIONAL AUGMENTED RAWINDSONDES . 
MEDIUM: DC-3 RAWINDSONDES Etosha , Harare 
LARGE . DC- 8 Maun, Windhoek . 

Vic. Falls 
& others 

,I 

,It 
AUGMENTED OZONESONDES 

Pretoria 
OZONESONDES Etosha 

Pretoria 
'!/ 

OPERATIONS CENTRE 
SAWB , Pretoria 
Current weat her 
Forecast s 
Winds 
Thermodynamics 
Satellites (Vi s/IR/WVap) 

., I 

,I I/ 
1 SURFACE SITES (Table 3. 2 > I' 

J J 
EXISTING SITES PLANNED SITES 

(Eskom) Kruger 
Etosha 

Vic. Falls 

,J J 
POST EXPERIMENT 

ARCHIVED METEOROLOGICAL FIELDS, , 
SOUNDINGS , SATELLITE DATA ANALYSES, 

METEOROLOGICAL ASSESSMENT 
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TABLE 3 . 2 

SAFARI GROUND BASED COMPONENT 

MEASUREMENT PURPOSE METHOD MANPOWER PARTICIPANTS 

AEROSOLS SOURCE HIGH VOLUME 1 UVa/MPI/ 
STRENGTHS SAMPLER UGent 

AND 
COMPOSI TION 

SURFACE SURFACE INPUT BULK 1 UVa/WITS/UND 
FLUXES CLOSURE OF BL AERODYNAMIC 

MODEL 

SURFACE SURFACE FLOW 10 m 1* UVa/WITS/UND 
WIND AND ANEMOMETER 

ADVECTION 

SURFACE STATIC 10 m 1* UVa/WITS/UND 
T,q,P STABILITY TOWER 

SURFACE AMOUNT, GAUGE AND 1* UVa/WITS/ 
RAIN OCCURRENCE, SAMPLER MAX PLANCK 

CHEMICAL COMP 

TROPOSPHERIC TRANSPORT AND PILOT 1# UVa/WITS/UND 
WINDS AIR MASS BALLOON (NEED XPEND) 

HEIGHT/ CLOSURE BL TETHERED 2 CSIR/ESKOM 
STRUCTURE OF MODEL SONDE (NEED SUPPORT) 

M.L. PRECURSOR GAS AND/OR 
TRANSPORTS ACOUSTIC 

SOUNDER 

THERMODYNAMICS STATIC PORTABLE 1# UVa/ESKOM 
OF STABILITY , RADIO- (NEED SUPPORT) 

TROPOSPHERE HEIGHT OF SONDE 
INVERSIONS, 
STRENGTH OF 
INVERSIONS , 
TRANSPORT LAYER 
AIRMASSES 

GLOBAL SOLAR RECORDING 1* UVa/ESKOM 
RADIATION INSOLATION PYRANOMETER 

PHOTOCHEMISTRY 

6 

* 
COMMON 6 +PI= 7 

# 
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development of penetrative moist convection and trapping surface-produced burning 

products in the lower atmosphere. These conditions require that the research is focused 

on the surface layer (0- 100 m) and the convective boundary layer (0- 1500 m). 

Entrainment across the top of the mixed layer (synonymous with the convective 

boundary layer) places burning products into a poorly populated cloud layer which 

extends up to 3 to 4 kilometres above the surface. This cloud layer is generally capped 

by a strong inversion of temperature. 

Th.e processes connecting these layers are scale dependent roughly as a function 

of the height of the layer or less. Thus the following scales can be identified: 

a) Turbulenr scale: mechanical and buoyancy-driven turbulence will be the 

dominant mixing process in the surface layer (0-IOO m). Heat from the fires 

will add to the buoyancy-driven fluxes of burning products. Conditions at the 

surface and in the surface layer need to be monitored on a continuous basis. 

Selective measurements within the fire front are expected from specialized 

towers. Turbulent fluxes of heat, moisture and momentum will be measured 

at selected locations on a continuous basis. Measurements of turbulent fluxes 

of trace gases other than \\'ater vapour are desirable at these locations. 

Turbulent fluxes of trace gases will be measured from the specialized towers 

as the fire passes the towers. 

b) Convective scale: dry convection is expected to dominate in the convective 

boundary layer (CBL). The CBL will exhibit a pronounced diurnal oscillation 

with active mixing decaying to the top of the surface layer at night. Growth 

of the CBL will be rapid after sunrise, growing to a depth of approximately 

1500 m by early afternoon. Knowledge of the rate of growth of the mixed 

layer, the depth of the mixed layer and the strength of the inversion across the 

top of the mixed layer are all important parameters. Much of the accumulated 

fire products will be concentrated in this CBL. 

Decay of the active mixing will occur as soon as the net radiation balance at 

the surface approaches zero (incoming solar - outgoing terrestrial radiation). 

Fire products and other surface products lifted in the CBL during its growth 

will remain elevated in the fossil mixed layer. Rapid nocturnal radiational 

cooling at the surface will create a strong low-level inve~sion capping the 

surface layer. The strong stratification will create a 'two-layer' fluid decoupling 

the lower atmosphere from the surface layer. This decoupling from the surface 
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development of penetrative moist convection and trapping surface-produced burning 

products in the lo\ver atmosphere. These conditions require that the research is focused 

on the surface layer (0-100 m) and the convective boundary layer (0-1500 m). 

Entrainment across the top of the mixed layer (synonymous with the convective 

boundary layer) places burning products into a poorly populated cloud layer which 

extends up to 3 to 4 kilometres above the surface. This cloud layer is generally capped 

by a strong inversion of temperature. 

Th.~ p~ocesses connecting these layers are scale dependent roughly as a function 

of the height of the layer or less. Thus the following scales can be identified: 

a) Turbulent scale: mechanical and buoyancy-driven turbulence will be the 

dominant mixing process in the surface layer (0-100 m). Heat from the fires 

will add to the buoyancy-driven fluxes of burning products. Conditions at the 

surface and in the surface layer need to be monitored on a continuous basis. 

Selective measurements within the fire front are expected from specialized 

towers. Turbulent fluxes of heat, moisture and momentum will be measured 

at selected locations on a continuous basis. Measurements of turbulent fluxes 

of trace gases other than \\"ater vapour are desirable at these locations. 

Turbulent fluxes of trace gases will be measured from the specialized towers 

as the fire passes the towers. 

b) Convective scale: dry convection is expected to dominate in the convective 

boundary layer (CBL). The CBL will exhibit a pronounced diurnal oscillation 

with active mixing decaying to the top of the surface layer at night. Growth 

of the CBL will be rapid after sunrise, growing to a depth of approximately 

1500 m by early afternoon. Knowledge of the rate of growth of the mixed 

layer, the depth of the mixed layer and the strength of the inversion across the 

top of the mixed layer are all important parameters. Much of the accumulated 

fire products will be concentrated in this CBL. 

Decay of the active mixing will occur as soon as the net radiation balance at 

the surface approaches zero (incoming solar - outgoing terrestrial radiation). 

fire products and other surface products lifted in the CBL during its growth 

will remain elevated in the fossil mixed layer. Rapid nocturnal radiational 

cooling at the surface will create a strong low-level inve~sion capping the 

surface layer. The strong stratification will create a 'two-layer' fluid decoupling 

the lower atmosphere from the surface layer. This decoupling from the surface 
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layer means a marked reduction in surface frictional coupling. Low-level 

(200-400 m) accelerations of the wind are thus expected at night. This low-level 

acceleration, if it occurs in conjunction with sloping topography, will manifest 

itself in the form of a low-level nocturnal jet which will rapidly disperse fire 

products in the fossil mixed layer. Interaction between the low-level jet and the 

more persistent mixed layer over the ocean at the land-sea interface may result 

in a pronounced land breeze effect. 

. :M 9ist or cloud convective mixing coupling the dry CBL to the deeper 

atmosphere is not expected to play a significant role over much of the southern 

African continent during the period A ugust-October. However, cloud 

convective mixing will increase through this period, equatorward and over 

selected regions such as the escarpment of the Eastern Transvaal. Where deep 

convective clouds are present vertical transport of fire products can be 

expected. Vertical transport up to and above 5 kilometres is likely to inject the 

surface products into the prevailing westerly flow, transporting these products 

over the Indian Ocean. In the latitude band 10°$-30°$ over southern African 

and adjacent oceans during August-October anticyclonic flow predominates. 

Under these conditions an inversion caps the cloud layer (near 3-4 km above 

the surface), inhibiting vertical cloud gr~)\Vth and trapping burning products 

elevated from the surface. The region of the troposphere below the inversion 

and below 4 km is expected to be the region of greatest interest, in terms of 

both photochemistry and the transport of surface- and fire-generated products. 

c) Synoptic scale: the generalized conditions of dominant anticyclonic flow will be 

interrupted by synoptic scale disturbances on a time scale of days (with a 

possible periodicity of about 5 days). Low-latitude synoptic scale cyclones may 

disrupt the anticyclonic flow for a few days. The vertical structure of the 

atmosphere will change, as will the large-scale fields of motion. The prediction 

and documentation of any such synoptic scale changes will be required in 

SAFARI-92. 

d) Planetary scale: atmospheric fields of motion over the South 

American-Atlantic-southern African region must be documented during 

SAFARI-92. The vertical structure (velocity and thermodynamic fields) needs 

to be known. Vertical shear of the horizontal wind field is of particular 
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interest. Knowledge of the horizontal and vertical distribution of zonal and 

meridional flow is also required. 

Transport in the form of trajectories will be determined particularly in the 

lower tropospheric region (below 4 km) described above. Products from the 

South African Weather Bureau, global analyses (ECMWF) and 

satellite-derived wind fields will be used in real time and for post-experiment 

analysis. The climatology of the planetary-scale wind fields will be examined 

· :and the conditions prevailing during the experiment will be placed in the 

context of the longer-term climatology. 

Operational and Pro1>osed Ground Meteorological Sites 

a) Meteorological control centre 

The Meteorological Control Centre (MCC) is proposed to be at the South African 

Weather Bureau (SA WB) in Pretoria. Facilities at the SA WB exist to cover: 

i) Ground operations: controlled burns 

ii) Aircraft operations: small, medium and large 

In each case the facilities of the SA WB can be drawn upon to describe antecedent 

conditions such as rainfall, soil moisture, temperatur·es, humidities and velocity fields, 

expected and forecast conditions, and to provide archival material for post-experiment 

analysis. 

Products to be archived for the experiment including satellite products acquired in 

cooperation with the Satellite Applications Centre at Hartebeeshoek are listed in 

Appendix 3-A. 

It is proposed that the Mission Meteorologist be stationed at the SA WB to work 

in close coordination with a counterpart SA WB liaison officer. Communication links 

and/ or actual briefings must be set up to communicate the weather i_nformation to the 

experiment users. In the case of Large Aircraft Operations briefing for the Mission 

Science Team and pilots will be conducted by the Mission Meteorologist and SA WB 
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Project Liaison Officer at the Eskom facilities. 

b) Operational and existing measurements 

Figure 3.1 shows the existing operational sounding stations. 

figure 3.2 shows existing special or research measurement sites and the associated 

measurements made at each site. These include Eskom sites, fire ecology and 

agricultural sites and field stations, sites in game rcscr\eS and parks, and the I3cthlehcm 

weather modification network. 

Figure 3.3 indicates the dropsonde programme scheduled as part of TRr\CE-A, which 

will allow detailed analysis of atmospheric conditions in the presumed region of outflow 

from the African con tinent. 

Measurements of total column 0 3 are made at Pretoria, using a Dobson 

spectrophotometer and the umkchr method. Ozonesondes arc currently released Ix per 

week from Irene. 

c) Proposed ground meteorological sites 

1; Supplemenlal rawindsoundings from existing operalional stations 

Supplemental soundings are proposed at the operational rawindsonde station in H arare, 

Z imbabwe ( Figure 3.1 ). An additional sounding during each day of the experiment 

(approximately 40 additional soundings) is proposed to supplement the single 

operational sounding made at 06:00 local time at this station. It is proposed that the 

supplemental sounding be released at 18:00 local time . . Sondes, balloons and hydrogen 

will be provided by TRACE-A/ SAFARI-92, and the station will provide manpower. 

It is also proposed to ensure that the twice-daily rawindsoundings from the 

Victoria Falls airport in Zimbabwe are conducted on schedule. This will require 

ensuring an adequate supply of hydrogen; sondes and balloons are available at the site, 
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and existing manpower is adequate for the launches. 

ii) Supplemental 03 soundings at Pretoria 

Approximately 20 additional ozone soundings are proposed for the Irene station near 

Pretoria during the field phase of SAFARl-92. The supplemental soundings will 

increase .the frequency of soundings from once per week to once every two days during · 

the experiment. TRACE-A will provide the ozonesondes and balloons; the SA WB is 

being requested to provide the necessary manp(?wer and the hydrogen for these 

supplemental releases. 

iii) Supplemental rawind- and Orsounding sLation 

A supplemental rawind- and ozone-sounding station will be installed at the Etosha 

National Park station (see section d) below) for a period of approximately six weeks 

during the experiment in 1991. The supplemental sounding station will carry out nvo 

rawindsonde ascends per day and one ozone sounding approximately every three days 

(see schedule in Appendix I). A total of 16 ozonesondes and 75 rawindsondes is 

required. TRACE-A will supply the necessary expendable supplies, including the cost 

of providing the hydrogen gas. The SA WB will supply the personnel and ground 

equipment necessary to conduct both soundings. The Unjversity of Natal (UNO) will 

supply personnel and the surface-based spectrophotometer for calibration of the 

ozonesondes. 

d) Proposed Ground Meteorological Sites 

Three ground sites, configured according to Table 3.2, are proposed as part of 

SAFARI-92 at: 

i) Kruger National Park (KNP), South Africa 

ii) Etosha National Park (ENP), Namibia 

iii) Victoria Falls (ZIM), Zimbabwe 

The KNP site will be instrumented and manned by Eskom. The basic station is 

already in operation, and will operate from August 1991 to at least the end of I 992. 

61 



The El'\P site will be instrumented and manned in a cooperative effort between 

Eskom, the SA WB, CSIR, UNO, University of the Witwatersrand (UW) and MPI (air 

sampler). The site wilJ operate from approximately 25 August to 15 October 1992 and 

will include chemical measurements for part of that time. 

The Z IM site will be instrumented and manned by the UW and MPI. This ground 

site will include meteorological, aerosol sampler and chemical measurements and will 

operate from 1 September to approximately 15 October I 992. 

Modification of the above general plan will be required to accommodate personnel 
• . 

and equipment which may only be available at either the KNP or the E:'\P site at any 

one time. Eskom does not anticipate that it will be possible to make heat, moisture and 

momentum flux measurements at the KNP. This deficiency should be remedied if at all 

possible since the absence of flux measurements will limit any attempt to use boundary 

layer models to calculate vertical exchanges, entrainments and transports. 

Outline of Specific Meteorological Experiments 

SAF ARI-92 will be conducted as an integrated experiment. I ndividual and group 

experiments will make up the total experiment. Specific experiments in meteorology are 

described below. 
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Variations in Planetary and Synoptic Scale Circulations 

over the tropical South Atlantic 9cean and south-western Africa 

Janette A. Lindesay*, Roseanne Diab# and l\tlichael Garstang0 

* University of the Witwatersrand, Johannesburg, South Africa 

#University of Natal, Durban, South Africa 
0 University of Virginia, Charlouesville, USA 

Low-level transport of ozone precursor gases from the African and South American 

continents is thought to be the main source of the tropical Atlantic tropospheric ozone 

maximum; upper-level transport and subsidence into the subtropical anticyclone (STAC) 

may be a contributory factor. The identification of the ozone maximum was based on 

satellite observations made during the late 1970s and 1980s, an unusually dry decade in 

much of southern Africa. Wet and dry periods in southern Africa arc associated with 

fairly major circulation changes, which may be a cause or consequence of the rainfall 

anomalies. Low-level flow ( < 3 km or 700 h Pa) south of the equator exhibits a west to 

east anomaly in the wet periods, whereas in the dry periods the anomaly between I0°S 

and 35°S is reversed ( east to west). 

Pre-SAFA RI research is aimed at testing the hypothesis that there are marked 

intra- and inter-annual fluctuations in the transport of 03 precursor gases into the 

tropical Atlantic, and that the 03 maximum is strengthened in dry periods and weakened 

in wet periods. Such an oscillation in the strength of the 0 3 maximum may be both a 

function of circulation changes and of wetter/drier ground conditions which 

inhibit/promote biomass burning. Dry and wet period circulation and stability fields and 

sections will be constructed, with emphasis on the fields of motion below 500 hPa (6 

km). The work will provide a climatology against which to assess the meteorological 

conditions during the SAFARI field experiment. 

For the period preceding, during and after SAFARI-92, i.e. July, August, 

September and October 1992, zonal and meridional fields of motion will be compiled and 

compared in the form of departures from the long-term climatology. The vertical 

structure of the atmosphere, including the 0 3 concentrations, will also be described for 

this period. 
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l\tleteorological Aspects of the Characterisation 

of Aerosols over Sou~hern Africa (CASA) 

M . Garstang (Pl) & S. Macko 
Department of Environmental Sciences, University of Virginia, 

Charlonesville, VA 22903, USA 

Surface and Boundary Layer Depths and Transports 
Surface Ouxes of heat, water vapour and momentum will be measured at Etosha using 

profile measurements. An instrumented meteorological tower ,:viii be installed and 

operated by Eskom (see Eskom project outline). Eskom will also make measurements 

of the depth of the mixed layer and intensity of the stable layer either by low level 

sounding balloons or by a tethered balloon system. The surface fluxes, depth of the 

mixed layer and magnitude of bq,'Jz and bT/Jz, where q = specific humidity, T = 

temperature and z = height, will be us.ed to close a boundary layer model as done by 

Fitzjarrald and Gars-tang ( 1981) and \fart in et al. ( l 988). \1 odel calculated and 

observed rates of growth of the mixed layer will allow entrainment rates across the top 

of the mixed layer to be calculated. These entrainment rates together with measured 

concentrations of aerosols at the surface and above the surface (by aircraft) will allow 

an estimate of the vertical transport of aerosols to be made. 

We postulate from our work, and from that of Prospero and Carlson ( I 972), that 

aerosols emerging from the south-west African continent are in a layer between 850 and 

700 mb (±l.5 and 3.5 km). UV-DIA L measurements during the experiment will confirm 

the altitude band of this aerosol layer. The surface and boundary layer measurements 

will thus provide quantitative information on flux convergence into the aerosol layer as 

well as the depth and thickness of this layer. This information will be used together with 

the rawinsonde measurements described below. 

Upper air measurements 

Upper air wind, temperature, moisture and pressure measurements wi,11 be made during 

the field experiment at the stations indicated in Figure 3.4. We will use these 

measurements to calculate mass transports and air parcel trajectories, and, to analyze 
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l\tleteorological Aspects of the Characterisation 

of Aerosols over Sou~hern Africa (CASA) 

l\tf. Garstang (PI) & S. Macko 
Department of Environmental Sciences, University of Virginia, 

Charlouesville, VA 22903, USA 

Surface and Boundary Layer Depths and Transports 
Surface Ouxes of heat, water vapour and momentum will be measured at Etosha using 

profile measurements. An instrumented meteorological tower \Viii be installed and 

operated by Eskom (see Eskom project outline). Eskom will also make measurements 

of the depth of the mixed layer and intensity of the stable layer either by low level 

sounding balloons or by a tethered balloon system. The surface fluxes, depth of the 

mixed layer and magnitude of bq/bz and bTibz, \vhere q = specific humidity, T = 

temperature and z = height, will be us.ed to close a boundary layer model as done by 

Fitzjarrald and Gars-tang ( 198 I) and \tlartin et al. (1988). \tf odel calculated and 

observed rates of growth of the mixed layer will allow entrainment rates across the top 

of the mixed layer to be calculated. These entrainment rates together with measured 

concentrations of aerosols at the surface and above the surface (by aircraft) will allow 

an estimate of the vertical transport of aerosols to be made. 

We postulate from our work, and from that of Prospero and Carlson (1972), that 

aerosols emerging from the south-west African continent are in a layer between 850 and 

700 mb (± 1.5 and 3.5 km). UV-DIA L measurements during the experiment will confirm 

the altitude band of this aerosol layer. The surface and boundary layer measurements 

will thus provide quantitative information on flux convergence into the aerosol layer as 

well as the depth and thickness of this layer. This information will be used together with 

the rawinsonde measurements described below. 

Upper air measurements 

Upper air wind, temperature, moisture and pressure measurements wi,ll be made during 

the field experiment at the stations indicated in Figure 3.4. We will use these 

measurements to calculate mass transports and air parcel trajectories, and, to analyze 
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the atmospheric circulation. 

lvlass transport calculations: 
Divergence calculations, based upon twice daily rawinsoundings, will be made for the 

volumes enclosed between the surface and 4 km over the surface areas shown in Figure 

3.4 as Continental Volumes and Ocean Volumes. The rate of volume exchange for each 

volume .will then be determined on a 24 or 48 hr basis as done in Swap et al. ( I 99 1 ). 

Aiicraft and surface aerosol measurements will be used to obtain mean aerosol 

concentrations (µg m- 3) . Since the volume (m- 3) exchanged in a given 24 to 48 hr period 

is known from the divergence calculations, the total aerosol mass can be calculated. 

Satellite (aerosol optical A VHRR, visible and infrared) measurements will be used 

to determine the presence of large aerosol plumes and the degree to which .Jinear 

assumptions can be made between widely separated stations as is the case for the Ocean 

Volumes. We expect these methods to provide estimates of the continental emissions, 

transport into the Ocean Volume and some estimate of the initial deposition ofT the 

south-west African continent. 

Air trajectories: 

Two- and three-dimensional trajectory analysis will be carried out using the facilities of 

the European Center for \1edium Range Weather Forecasting (ECMWF), Reading, 

England and the Swedish Meteorological and Hydrological Institute (SMHI), 

Norrkoping, Sweden. Dr Per Kallberg will carry out the calculations under a "Special 

Project" allocated to him by the ECMWF. There are two good reasons for performing 

these calculations at this location: 

a) the trajectory package developed by Kallberg in the wake of the Chernoble disaster 

is recognized as one of the best programs available. Three-dimensional isobaric 

trajectories can be calculated in the presence of vertical motions calculated from the 

continuity equation. In the case of adiabatic motion, this is equivalent to isentropic 

trajectories. In the presence of diabatic effects which are included in the EC\1WF 

model, superior results to the iscntropic trajectories can be expected. 

b) SMHI is linked directly to the computers and data banks at ECMWF. This provides 

considerable power and accessibility to a very large data set. Our analytical 

66 



approach includes examining the southern hemisphere Atlantic/ African general 

circulation fields under both dry and wet regimes. Dry and \Vet regimes documented 

by Tyson ( 1986), Harrison ( 1986) and· Lindesay ( 1988) suggest important spatial 

changes in zonal wind fields which directly affect the transport of aerosols. We wish 

to compute historical trajectories over south-west Africa for both wet and dry 

periods. This would not be possible without direct access to ECMWF. 

We will combine the trajectory calculations done during the experiment with the 

isotope hac'ing and mass transport findings discussed below. We are aware of no such 

<.:omprehensive examination of aerosol transport being done by any other research group 

involved in the 1992 experiment. 

General circulation fields over the southern hemisphere Atlantic and Africa: 

The lower tropospheric wind fields ( surface to 5 km) will be examined immediately prior 

to (July 1992), during (August, September, October) and following (November) the 

experiment. ECMWF model data field.s will be used to describe the large spatial wind 

fields for the southern hemisphere Atlantic and Africa. Historical and current soundings 

will be used in time section format to describe the detailed changes in zonal and 

meridional flow at a giYen point. Time series at the six stations used in the mass 

transport calculations will be used during the experiment to describe the detailed 

temporal fluctuations. 

Fire distributions: 

SAFARI will place considerable emphasis upon the characterization of fires. We will 

work closely with C.J. Tucker and C. Justice to delineate the time and space evolution 

of fires over southern Africa. Our intent is to correlate the temporal and spatial 

evolution of the circulation fields and the fires. We will then combine this result with 

our trajectory analyses and determine the expected transports of the fire products 

including aerosols. 
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Ozone l\il easurements D uring SAF ARl-92 

R.D. Diab*, P . Cunningham*, M. Z unckel# & C. Archer# 
*Universiry of Nara!, Durban, South Africa 

#South African Weather Bureau, Pretoria, Sourh Africa . 

The work proposed for the field phase of SAFARI-92 will form part of the South 

African :\ational Ozone Research Program (SA:\ORP), a collaboratiYe project between 

the University of Natal, Durban (L~D) and the South African Weather Bureau 

(SA WB). The central focus of the programme is the development of an understanding 

of the nature and characteristics of ozone above southern Africa. To this end the 

following measurements are currently made: 

Dobson spectrophotometer (total ozone) - Pretoria 

ozonesonde profiles - Pretoria 

TOMS data are also recei\'ed via direct link with NASA, and analysed routinely. In 

addition to the existing measurements 1,1ndertaken in southern Africa, the following are 

proposed: 

SAOZ spectrophotometer (total 0 3, 

:\02, S02, water vapour) - Durban/ Etosha 

Bentham ground-based UV sensor - Durban/ Etosha. 

Specific objectives during SAFARI are to focus on the tropical surface sources of ozone 

maxima over southern Africa and to investigate the vertical and horizontal transports 

which give rise to such distributions. Proposed measurements to be undertaken during 

the field experiment are outlined as follows: 

I) Ground-based wear her slalion ar Etosha Naliona! Park ( EN P) : a fully automated 

ground-based weather station will be installed at ENP, measuring temperature and 

wind speed and direction at 5 and 10 m, and pressure, humidity, rainfall and solar 

radiation at the surface. Data will be recorded on a Campbell CR21 data logger. 

All instrumentation is available, but funding will have to be secured for transport, 

subsistence and manpower. 

2) Lidar: a mobile ground-based lidar is under construction at UNO by members of the 

SANO RP team. The main purpose of the lidar is the study of stratospheric ozone. 
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In principle, modifications can be made to the lidar such that it can measure aerosol 

vertical profiles in the troposphere below 10 km. These modifications are in progress. 

The lidar will provide measurements over a 24-hour period with good spatial and 

temporal resolution. 

It is proposed that the lidar be located at the ground station at ENP for the duration 

of the experiment. Measurements will complement other atmospheric composition 

and meteorological measurements at ENP and contribute towards the knowledge of 

atmospheric transport in the boundary layer. 
•. 

3) Regular and enhanced ozone soundings: as mentioned in the meteorology overview, 

it is proposed to supplement the weekly ozonesonde releases from Irene near Pretoria 

to every second day during the experiment. This will be contingent upon 

J\ASA!TRACE-A supplying the additional sondes and balloons, and the SA WB 

being able to provide the necessary personnel. 

A second ozonesonde facility exists at the SA WB in Pretoria, but is currently 

inoperative. An attempt will be made to revive the equipment and, if possible to 

undertake ozone soundings at the [l'\P during SAFAR l-92. This will be contingent 

upon external funding for the ozonesondcs, training of two additional personnel, 

travel and subsistence. 
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South African Weather Bureau Experiment in SAFARl-92 

M. Zunckel and C. Archer 
Sowh African Weather Bureau, Privale Bag X97, Pretoria, South Africa 

Measurements of the vertical distribution of ozone by the umkehr method and 

ozonesoiidc ·releases are currently being made at Irene near Pretoria. Data from J uly 

1990 to the present indicate a significant increase in tropospheric qzone concentrations 

since the previous ozone monitoring programme ceased in February 1972. Discussions 

with ecologists have confirmed the belief that natural biomass burning on the 

subcontinent has decreased gradually over this period due to continuous agricultural and 

urban development. 

1 t is hypothesized that the increase in the general level of tropospheric ozone 

concentrations found at Irene is due largely to the photochemical production of ozone 

in increased industrial smog, contributed to by increases in the number of motor vehicles 

and other anthropogenic sources of t\_O, and hydrocarbons, rather than to biomass 

burning in tropical and subtropical regions, although the latter may cause episodic 

increases. 

The proposed experiment is designed to test this hypothesis during the field phase 

of SAFARI, and to show that biomass burning in the Transvaal Lowveld has little effect 

on tropospheric ozone concentrations at Irene. 
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Programme for Atmospheric Chemistry and l\tleteorological Studies 

G. Tosen (PI) 
Eskom Engineering Investigations Division, Rosherville, South Africa 

It is widclv recognised that Eskom's tall stack policy has been very effective in limiting 
; ~ 

ground i~vel concentrations of emitted sulphur dioxide (S02) and oxides of nitrogen 

(~O.). H owever, tall stacks arc a control measure as opposed t.o a removal process. 

The fa te of the pollutants once they have left the stack is somewhat undetermined. In 

general, S02 and 1\0, oxidise in the atmosphere to form sulphate and nitrates. These 

secondary pollutant species can exist as either acid droplets or, when combined with 

atmospheric ammonia, as fine mode particulates. Apart from causing visibility 

degradation, secondary pollutants can be deposited over large areas both through dry 

deposition processes and as acid rain. It is widely accepted that these processes can have 

adverse effects over a period of time when the receiving environment is sensitive. Such 

potential effects include the acidification of fresh water systems and damage to trees and 

crops. 

Eskom's rain quality research to date shows that the wet deposition of secondary 

pollutants on the Highveld Plateau is not particularly high compared to overseas results. 

However, irrespective of whether the secondary pollutants pose any potential 

environmental threats, Yisibility degradation, or hazing, is a phenomenon that generates 

much adverse public reaction. Hazy days are certainly common on the Highveld 

Plateau. It is not known how much of this haze results from natural processes such as 

the entrainment of surface dusts, how much comes from the emission of smoke from 

industries and residential areas, how much is a result of fugitive fly ash emissions from 

power stations and other industrial processes, or how much results from secondary 

pollutant aerosols. 

Meteorological processes are very important in determining the extent to which 

secondary pollutant aerosols can build up on a regional or local scale. Re-circulating 

wind systems can lead to the regional accumulation of pollutants. This is particularly 

so in the case of secondary pollutants as the greater the residence time of the gaseous 

pollutants over the region, the greater the proportion that becomes oxidised, irrespective 

of the dispersion and dilution processes. There is thus a greater pqtential for aerosol 

formation under such conditions. The presence of re-circulating wind systems over the 

Eastern Transvaal Highveld (ETH) has been postulated for a long time. H owever, it has 
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Programme for Atmospheric Chemistry and lWeteorological Studies 

G. Tosen (PI) 

Eskom Engineering Investigations Division, Rosherville, South Africa 
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the entrainment of surface dusts, how much comes from the emission of smoke from 

industries and residential areas, how much is a result of fugitive fly ash emissions from 

power stations and other industrial processes, or how much results from secondary 

pollutant aerosols. 

Meteorological processes are very important in determining the extent to which 

secondary pollutant aerosols can build up on a regional or local scale. Re-circulating 

wind systems can lead to the regional accumulation of pollutants. This is particularly 

so in the case of secondary pollutants as the greater the residence time of the gaseous 

pollutants over the region, the greater the proportion that becomes oxidised, irrespective 

of the dispersion and dilution processes. There is thus a greater pqtential for aerosol 

formation under such conditions. The presence of re-circulating wind systems over the 

Eastern Transvaal Highveld (ETH) has been postulated for a long time. However, it has 
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never been sciehtifically proven that such systems are responsible for the build-up of 

regional haze from secondary pollutants. 

Eskom's long term monitoring results show quite clearly that ground level 

concentrations of S02 and NOx are . acceptable in the ETH. Further, there are no 

.. significant regional accumulations of these primary pollutants. Thus it is clear that the 

meteorology of the ETH is not adverse for the dispersion of primary pollutants as far 

as the prevention of high ground level concentrations from the .emission of S02 and 

:-\0, from tall stacks is concerned. However, an absence of ground level primary 
•. 

pollutant concentrations does not offer conclusive evidence that there is no potential for 

the accumulation of secondary pollutants in the atmosphere, particularly at elevated 

heights above ground level. 

Extensive measurements of secondary pollutants by the Earth, Marine and 

Atmospheric Sciences Division of CSIR (Ematek) show that, on occasions, there are 

relatively high sulphate and nitrate concentrations in the aerosol. This is particularly 

true for samples obtained at high level sites located on a mountain top near Volksrust 

and on the top of the stack at Kendal Power Station before the station was 

corrunissioned. Further, it has been shown from samples obtained by model aircraft 

flights, that secondary pollutants can occur in layers above the ground. Although it is 

possible that some of these results can be explained in terms of plumes or plume 

remnants traversing the samplers, it is also certainly possible that a significant 

proportion of the observed haze is due to secondary pollutants forming and 

accumulating under unfavourable meteorological conditions. 

The implications of this are potentially important, not just to the power generation 

industry but also for purposes of overall regional planning. As an example, if the aerosol 

is composed mainly of secondary pollutants, Eskom's present action plan to clean up 

particulate stack emissions may not have a major impact on regional haze levels. A 

significant improvement might require desulpherisation on Eskom power stations and 

other major industrial emitters. If, on the other hand, the aerosol is mainly composed 

of natural material no amount of controls placed on industry would effect an 

improvement. 

It is therefore clear that a programme to characterise the aerosol in the ETH 1s 

essential. In the first instance use should be made of existing data. Eskom already has 

a considerable data base as regards primary pollutants at ground level in the ETH. 

Ematek has a similar data base as regards secondary pollutants, in addition to some 
' 

non-ground level results. In order to maximise the benefit of these two data sets, a joint 

interpretation of the data should be performed. The study should look at such key 
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indicators as the percentage of sulphate in the aerosol and the conversion rates of S02 

to sulphate. 

The interpretation will require that the relevant meteorological parameters are 

considered so that the importance of air trajectories for residence times and haze 

,. formation can be determined. Although the first part of the study will concentrate on 

existing data, further data are required as there is only a limited degree of overlap 

between the t\vo data sets. 

A . _good quality database needs to be assembled by installing CS IR aerosol 

samplers at Eskom regional air quality monitoring stations. These should be run for a 

one year period. This will enable a consistent spatial and temporal picture of the 

relationship between the aerosol and primary pollutants to be obtained. 

Eskom J\tleteorological Support for SAFARI 

I. Vertical soundings in the K:-\P with tethersonde system. 

2. A surface meteorological station has' been positioned and commissioned in the KNP, 

monitoring: 

wind speed and direction ( l O m) 

temperature ( 1.2 m) 

humidity ( 1.2 m) 

ozone 

3. A 100 m meteorological mast is located in the Ellisrus region {Figure 3.2) with the 

following instrumentation: 

wind speed and direction (10, 20, 40, 65 and 96 m) 

temperature ( 1.2, 2.5, 5, IO, 20, 40, 65 and 96 m) 

humidity ( 1.2 m) 

pressure (surface) 

rainfall 

4. Manpower and expertise with respect to all boundary layer research. 
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indicators as the percentage of sulphate in the aerosol and the conversion rates of S02 

to sulphate. 

The interpretation will require that the relevant meteorological parameters are 

considered so that the importance of air trajectories for residenc·e times and haze 

formation can be determined. Although the first part of the study will concentrate on 

existing data, further data are required as there is only a limited degree of overlap 

between the nvo data sets. 

A .good quality database needs to be assembled by installing CSI R aerosol 
•. 

samplers at Eskom regional air quality monitoring stations. These should be run for a 

one year period. This will enable a consistent spatial and temporal picture of the 

relationship between the aerosol and primary pollutants to be obtained. 

Eskom l\tleteorological Support for SAFARI 

I. Vertical soundings in the K :'\ P with tethersonde system. 

2. A surface meteorological station has· been positioned and commissioned in the KN P, 

monitoring: 

wind speed and direction ( IO m) 

temperature ( 1.2 m) 

humidity ( 1.2 m) 

ozone 

3. A 100 m meteorological mast is located in the Ellisrus region {Figure 3.2) with the 

following instrumentation: 

wind speed and direction ( 10, 20, 40, 65 and 96 m) 

temperature ( 1.2, 2.5, 5, 10, 20, 40, 65 and 96 m) 

humidity ( 1.2 m) 

pressure (surface) 

rainfall 

4. Manpower and expertise with respect to all boundary layer research. 
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Boundary Layer Observations along the Namibian Coast 

J. van Heerden (PI) 
Department of Civil Engineering, University of Pretoria, Pretoria, South Africa 

The main thrust of University of Pretoria participation will be ·the operation of two 

automatit Weather stations (A WS) on the northern Namibian coast. A third A WS may 

be possible if a suitable A WS become available. Placement of th.G stations will be as 

follows: 

(i) as far north of Mowe Bay on the coast as conditions allow; 

(ii) inland from Mowe Bay or Torra Bay on a suitable mountain ridge; 

(iii) operation, with CSIR approval, of the AWS's at Mowe Bay and Cape Cross; and 

(iv) if another A \VS becomes available an inland location will be chosen. 

In addition to the AWS work, participation in SAFARI is envisaged to include the 

following: 

(i) assistance with the maintenance of CSI R satellite receiving equipment in Etosha if 

this service is required and becomes available; and 

(ii) assistance with the ozone-sonde programme at Etosha. 

Please note that due to the extremely harsh conditions a long the Skeleton Coast it will 

take considerable time to get the instrumentation in place. Placing of the stations will 

begin between 1 and 3 September 1992, and data will be collected from 5 September to 

10 October. Exact locations fo r the A WS's will be determined after consultation with 

~amibian Nature Conservation Officers and the Namibian Weather Service. 

Meteorological parameters to be collected are: Wind vectors, temperature and 

radiation, and possibly pressure. D ata will be recorded at approximately IO-minute 

intervals. Data will be archived and made available on PC diskettes (5.25 and 3.5"). 
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Ematek/ CSIR l\tleteorological Input and Proposed Experiment in S AFARI 

S . O'Beirne (Pl) 
Ematek, CSIR, PO Box 395, Pretoria. South Africa 

Objective 

To asses~ the prevailing meteorology over Etosha National Park at the turbulent and 

convective scales during the course of the experiment. 

Procedure 
It is proposed that a ground station be established to monitor temperature and wind 

velocity on a continuous basis near the burn sites in Etosha ~ational Park. During this 

time regular tcthersonde ascents will be used to assess vertical profiles of wind velocity 

and temperature. Feedback is still required at this stage from the meteorological group 

in SAFA RI regarding the nature of the data requirements. Close collaboration is 

envisaged to ensure that the requirements of all parties are met. 

In addition to satisfying the declared objective, there is an additional contribution 

that Ematek can make to SAFARI. Fluctuations in the long-term CO and CH4 records 

measured at Cape Point, South Africa, have been thought to be related to episodes of 

biomass burning. :'-:o opportunity has been available properly to verify this hypothesis. 

One possible means of verification would be isotope ratio fingerprinting. Isotope ratio 

signatures will be investigated by several groups during SAFARI in order to assess 

whether it is possible to correlate a given signature with a particular source. The results 

obtained could be extended to investigate the possibility of source apportionment of 

atmospheric carbon measured at Cape Point. 
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APP ENDIX 3-A 

Archived l\ileteorological Products 

The following products will be archived for July, August, September and October 1992: 

I . Surfac:e sjmopric charts (850 hPa) for 

a) TR..-.\CE-A area: southern Africa, South Atlantic Ocean/ South America 

b) southern Africa and coastal areas. 

These charts will be archived for the main synoptic hours, 00:00, 06:00, 12:00 and 18:00 

UT. 

2. Upper air analyses at 850, 700, 500 and 250 hPa. These charts will cover the Central 

South Atlantic and southern Africa (0°-45°$), and will be archived for 00:00 and 

12:00 UT. 

3. Upper air soundings including wind speed and direction, temperature, humidity and 

pressure. These soundings will be archived for the stations indicated in Figure 3. 1 

for 00:00 and 12:00 UT. Any special soundings taken as part of the experiment or 

soundings acquired over the experiment domain will also be archived. 

4. Sa£elfite products 

i) M eteosat visible, I R, column water vapour. The visible and IR digital data will be 

stored every 1/2 hour; the column water vapour will be stored every hour. 

ii) Satellite loops and associated cloud displays and cloud motion vectors will be stored 

as they are accumulated prior to and during the experiment. 

iii) Products from the Satellite Applications Centre, CSJ R, induding A VH RR and 

Landsat images depicting fires will be acquired as specified by the Ground 

component of SAFARI-92. 

iv) Other satellite products (such as higher resolution NOAA polar-orbiter images) will 

only be used if a specific application is identified. 

j. Any special fields, such as: 

daily rainfall 
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sunshine hours 

Global radiation at specific stations (Pretoria, Bloemfontein, 

Port Elizabeth, Cape Town) 

other (to be determined) will be acquired for the above period at the completion 

of the experiment. 
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TABLE 3A.1 

METEOROLOGICAL EQUIPMENT AND EXPENDABLE SUPPLIES: 
LOCATION, SOURCE AND REQUESTED SUPPORT 

SYSTEM or SUPPLIES 

1. SURFACE MET.TOWERS 
& PROFILE (FLUX) 
SYSTEM 

2. OZONE SOUNDING 
SYSTEM 

SPECTROPHOTOMETER 

3. RAWINDSONDE SYSTEM 
(COMPATIBLE WITH 
OZONE SOUNDING 
SYSTEM AT ETOSHA) 

4. EXPENDABLES FOR 
SUPPLEMENTAL 
RAWINSONDES 

5. HIGH VOLUME SAMPLERS 

6. LIDAR 

LOCATION and 
SOURCE 

a) ENP (UNO, uva 
& Ematek) 

b) ZIM (MPI) 
c) KNP (Eskom) 

a) PRETORIA 
(SAWB & NASA} 

b) ENP (UND, WITH 
SUPPORT FROM 
SAWB & NASA) 

a) ENP (SAWB & 

NASA). 

b) ZIMBABWE 
(WITH SUPPORT 
FROM MPI) 

a) MAUN, BOTSWANA 
b) ST HELENA 

a) ENP (UVa) 

b) ZIM (UVa) 

c) KNP (UGent) 

ENP (UND) 
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REQUESTED AMOUNT 

TOWERS, INSTRUMENTS 
AND ALL SUPPORT . 
SUPPLIES & MANPOWER 

" 
" 

II 

II 

ALL GROUND EQUIPMENT, 
PERSONNEL & 1 SOUNDING 
PER WEEK, SUPPL. BY SAWB 
20 ADD. SONDES SUPPL. 
BY NASA 
GROUND EQUIPMENT & 
PERSONNEL FROM SAWB. 
ALL EXPENDABLES (SONDES, 
BALLOONS, GAS) FOR 20 
ASCENTS SUPPL. BY NASA 

1 COMPLETE GROUND 
SYSTEM & OPERATORS BY 
SAWB AND UND IN 
ETOSHA N.P. 
NASA TO SUPPLY 75 
SONDES & BALLONS & GAS 
FOR 2 SOUNDINGS PER DAY 
FOR 40 DAYS AT ENP . 

35 SONDES (TOTAL OF 
70 SONDES) TO INCREASE 
SOUNDING RATE TO 2x PER 
DAY AT EACH STATION 

1 GROUND SYSTEM, 
OPERATOR, ALL SUPPLIES 

II " 
POSSIBLE USE OF a) 
A+ c} 

COMPLETE SYSTEM & 
MANPOWER 



4. THE AIRBORN E COlvIPONENT OF SAFARl-92 

Overview 

Overall objectives of the airborne components of SAFARI-92 are to contribute to 

estimating the emissions of trace gases and aerosols from biomass burning, to study 

transformations occurring in the plumes and to investigate the effects of the emissions 

on oxidant formation and distribution on a regional scale. To address these objectives 

it will be necessary to work with se\·eral airplanes, each covering a different spatial scale. 

At the smallest scale, and operating in close coordination with the ground-based 

scientists at the Kruger National Park (KN P) and Etosha National Park (E?\P), a 

helicopter-borne instrumentation package will be deployed to acquire and analyse smoke 

samples emanating from prescribed burns. The helicopter will be leased locally and the 

instrumentation package largely supplied and operated by personnel from >J/\SA 

Langley led by W.R. Cofer I I I. This package has been widely used for such studies, 

most recently in Kuwait. Special missions specifically designed to measure N20 and 

CH3Cl emissions will also be carried out in collaboration with M .0. Andreae. 

At the next scale a light aircraft, a Cessna 310 owned and operated by Eskom, will 

operate in the immediate vicinity of burning in the KNP as well as in mesoscale regions 

(up to approximately 500 km) do\\'nwind. This plane should investigate the 'local' 

background conditions as well as the direct emissions, e.g. by flying down to 100-200 ft 

(35-65 m) over burning areas. A flight pattern is proposed perpendicular to the 

prevailing winds and following a zig-zag path into the KNP area. Within this basic 

pattern upward and downward spirals will be necessary to determine the vertical 

distribution of trace gases and the general meteorological situation. Special attention 

\.vill be given to taking account of the industrial emissions from the Eastern Transvaal 

Highveld (ETH) and Vaal Triangle regions, as well as to the transport of biomass 

emission plumes in the region of the southeast African escarpment, which may play a 

special role iri determining the areas ultimately affected by subsequent oxidant 

formation. This aircraft will be instrumented as described in Table 4. 1, with the 

equipment being provided largely by the Max Planck Institute (MPI) in Mainz 

( departments of Diogeochemistry and Atmospheric Chemistry). One or possibly two 

operators together with a pilot will be on board, with the base of operations being Grand 

Central airport , between Johannesburg and Pretoria. Hydrocarbon ,grab samples will 

be acquired in collaboration with Dr Jochen Rudolph in Jtilich, Germany. The 

preliminary analyses will be carried out at a local laboratory (Eskom or CSI R) and will 
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serve to analyse short-lived species an to identify samples which warrant full 

investigation. These will be transferred to pressurized stainless canisters and shipped to 

Julich/ MPI for analysis. 
On a larger scale a DC-3/ C47-Turboprop (leased from Strallis Group (Pty) Ltd) 

.. will be used to determine trace gas mixing ratios on the scale of the southern African 

subcontinent. The centrepieces of the on-board instrumentation (Table 4 .2) will be a 

Tunable Diode Laser Spectrometer o·perated by the MPI Atmospheric Chemistry 

Departm.cnt (Dr G . Harris). This high-sensitivity instrument will form the basis of a 
•, 

package capable of sufficient measurement precision and response time to study the flow 

field of the emission plumes and the background conditions on a ·subcontinental scale. 

There is also a possibility that the DIA L system from the German DLR (Dr Ehgret) 

might be made available; however, certain logistical problems concerning aircraft 

modifications would have to be overcome to integrate this instrument into the package. 

Aerosol filter sample collection and subsequent analyses will be coordinated by H. 

Anncgarn (Cniversiry o( the Witwatersrand). 

The main flight track for the DC-3 (Figure 4.1) will be from the Pretoria base 

(Wonderboom Airport) to Windhoek in );amibia, then northward lo the £);P, eastward 

along the Caprivi Strip to Victoria Falls, north to the Kafue National Park and Ndola, 

then returning via Lusaka, Victoria Falls and Maun to Pretoria. A second track involves 

flights off the east coast (.\llaputo, Durban, East London), and possibly to .\lladagascar, 

which would cover the case of a prevailing outflow of air from the central African 

plateau to the Indian Ocean. This flight would also provide an opportunity to 

investigate the emissions from sugar cane fires in the Natal region. Depending on the 

predominant synoptic conditions, one of the two flight tracks will be repeated. In this 

context it should be noted that the airborne component of SAFARI-92 as a whole, and 

in particular the DC-3 measurements, will be coordinated with the TRACE-A airborne 

campaign using the DC-8 (see Overview and Appendix I). While it is outside the scope 

of TRACE-A to consider the outflow over the Indian Ocean, there are intriguing 

questions about the vertical and horizontal distribution of the ozone plume extending 

eastward from South Africa observed from the satellites (Fishman et al., 1990). It may 

therefore be desirable to give added emphasis to this phenomenon within SAFARl-92. 
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Table 4.1: Instrumentation on board the Cessna 3 I 0 

Molecule Technique Operating Group 

ozone UV-absorption MPI 

ozone chemilumjnescence MPI 

CO2 I R-absorption M PI 

co UV absorption/ HgO M PI 

-:\O! T\02 Juminol:Cr0 3 MPI 

1'\1HC/ CO grab samples MPI 

C02/CH3Cl grab samples M PI 

organic acids scrubber MP I/ Eskom 

~H3 scrubber MPI/ Eskom 

aerosol no. TSI MP I 

aeroso l comp. filter MPI/? 

met set vanous CRA( v1P I 
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Table 4.2: Instrumentation on board the large platform DC-3/TP 

1v!ofecule 

ozone 

CO2 

NO/ N0 2 

1':0y 

co 
HCHO 

N0 2 

CI-hCI 

N\IIHC/CO 

aerosol size 

aerosol comp. 

met. set 

Reference 

Technique Operating Group 

thermoelectron MPI 

lycor MPI 

TECAN & gold MPI 

convenor 

TDLAS MPI 

TDLAS \IIPI 

TDLAS MPI 

TDLAS \IIPI 

grab samples >/CAR 

P:vts· PCASP \IIPI 

Fil tcrs/ ofnine :VI Pl/ Wits 

CRA/ MPI 

Fishman, J. , C.E. Watson, J.C. Larsen and J.A. Logan, 1990: Distribution of 

tropospheric ozone determined from satellite data, Journal of Geophysical Research, 

95, 3599-3617. 
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TDLAS Measurements of Trace Gases During SAF ARI-92 

Geoff Harris (PI) 
Atmospheric Chemistry Department, lvlax Planck /nstilUte, Jl.1.ainz, Germany 

We propose to deploy our airborne Tunable Diode Laser Absorption Spectrometer 

instrume:nt aboard the OC-3 as part of SAFARI-92. This instrument is capable of 

measuring the mixing ratio of up to four trace gases simultaneously. with high sensitivity, 

excellent specificity and good time resolution. As Configured for SAFARI-92 the most 

important task of the instrument will be to provide real-time, fast response CO data with 

sufficient precision to allow the identification of diluted ( aged) layers of emissions 

originating from biomass burning. To preserve the ultimate time resolution of the 

instrument for CO (I sec) while allowing the pseudo-simultaneous determination of three 

other trace gases, we will develop a new multiplexing scheme which will allow the full 

time resolution to be applied to CO in the foreground, while sharing background time 

equally between the other three channels providing adequate detection limits but lower 

measurement speed for the other trace species. Aside from CO we propose to measure 

HCHO and H202 and a fourth molecule to be selected, perhaps CH3Cl. 

The instrument is very similar to that flown recently in the TROPOZ II 

measurement campaign, and may be considered to be proven under the measurement 

conditions expected for SAFARI-92. A brief description of the logistical requirements 

for the instrument follows: 

Airborne TDLAS Specifications 

Four laser (4 species) system 

Time resolution (ultimate): 1 sec (large pump) 

Target molecules: CO + HCHO + H202 + (???) 

Precision: 

CO 1.0 ppbv ( 1 Hz) 

HCHO 0.1 ppbv (0.05 Hz) 

H202 0.3 ppbv (0.05 Hz) 
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Accuracy: 

± 10% 

Power requirements: 

Pump: I. I kW@ 28 V DC 

(trade off against response time possible) 

Instrument: 1000 W at present distributed between 

220 V 50 Hz AC and 28 V DC (negotiable) 

Dimensions: 

Weight: 

I. Optical table 

length 120 cm 

breadth 60 cm 

height 130 cm 

2. Electronics 

2 x 19" racks 

height 125 cm 

+pump 

+ 25 I liquid nitrogen Dewar 

+ one or two l O I gas bottles 

Racks 200 kg 

Optical table 180 kg 

Pump (max) 55 kg 

Dewar (full) 45 kg 

Gas bottles + spares 50 kg 

Total (approx) 530 kg 
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Gases and Particles from African Savanna Burning: Source 

Characterisations (NASA Hel~copter S ampling: SAFARl-92) 

W.R. Cofer III (Pl)*, J.S. Levine*, E.L. Winstead0
, J.P. Pinto#, 

M .A. Mazurek + & B.J. Stocks@ 
* Atmospheric Sciences Division, NASA Langley Research Centre, HampLOn VA, USA 

·: 
0 .Hughes STX Corporation, 28 Research Drive, Hampton VA, USA 

#A lmospheric Research and Exposure Assessment Laboratory, U.S. 

Environmental Protec1ion Agency, Research Triangle Park, Nonh Carolina, USA 

+ Department of Applied Science, Brookhaven National Laboratory, 

Upton, Long Island NY, USA 

Introduction 

@Grear lakes Fores1ry Centre, 1219 Queen Sireer East, 

SaulI Ste Aforie, On1ario. Canada 

The growing awareness of the potentially large amounts of both trace gases and aerosols 

that are released into the atmosphere as a result of biomass burning (agricultural 

burning, ,\·ildfires, deforestation, etc.) has led to an increased emphasis on assessing the 

impacts of biomass burning on the environment (Levine, 199 1 ) . It is generally believed 

that burning (i.e. for deforestation and agricultural practices) is increasing on a global 

scale. Such burning is widespread in all ecosystems and may prove to be a substantial 

source of both radiatively and photochemically important trace gases. Since Crutzen et 

al. ( 1979) suggested that biomass burning could be a significan t contributor to the 

budgets of several important atmospheric trace gases (CO2, CO, H2, CH4, N20, NOx, 

COS and CH3Cl), many efforts have been made to expand out understanding of trace 

gas production and resulting emissions from fires. Seiler and Crutzen (l 980) have 

estimated the input of CO2 to the atmosphere from biomass burning to be comparable 

to that of fossil fuel burning. Many gases of considerable photochemical importance 

arc released into the atmosphere during burning (Westberg et al., 1981; Greenberg et 

al., 1984; Delany el al., 1985; Hegg et al., 1987; Andreae el al., 1988). Three of the major 

gaseous emissions from biomass burning are greenhouse gases: carbon dioxide (CO2), 

methane (CH4) and nitrous oxide (N20). All three significantly imp~ct the climate of 

our planet (Kuhn, 1985; Ramanathan el al., l 985). They are also known currently to 

be increasing in our atmosphere at rates ranging from about 0.3% per year for CO2 and 
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T\20 to about 1.0% per year for CH4 (Rasmussen and Khalil, 198 1; Keeling et al., 

1984; Weiss, 198 1; Rinsland el al., 1985). The causes of these increases are not explicitly 

known, but global biomass burning is thought to be a major contributor. Estimates of 

the rates of increase and contributions attributed to b iomass bu rning for these gases are 

.. presented in Table 4.3. 

Table 4.3: Radiatively active and chemically active gases increasing in the 

atmosphere: estimated contribution from global biomass burning. 

Gas Rate of increase Estimated contribution Estimated total Source 

(percent/year) from burning/year production/year 

CO2 0.3-0.4 2-4x 1015 gC 7- 10 x 1015 gC ( 1) 

co 0.5-5.0 I I 0-450x I 012 gC I 50-400x I 013 gC (2) 

CH4 1.0-1.5 60- lOOx 1012 gC 300-560x 1012 gC (3) 

:\20 0.2-0.3 l -2x 1012 g>S 7-20x 1012 gN (3) 

~o :\A 5- l6x 1012 g>S 20-60x 1012 g:'; (4) 

(2) Logan et al. (198 1) ( l) Seiler and Crutzen ( l 980) 

(3) Seiler and Conrad ( 1987) ( 4) Enhalt and Drummond ( 1982) 

It is interesting that few measurements of N20 emissions from major biomass fires 

have been made. It is even more important that only one set of N20 emission 

measurements has been reported for measurements made directly over a biomass fire 

that did not involve questionable grab-sampling/ storage techn iques (Cofer er al., 199 1). 

I\'itrous oxide is not only an important greenhouse gas in the troposphere, its negligible 

rate of destruction and removal from the troposphere allows it to diffuse into the 

stratosphere where it is chemically transformed into nitric oxide and, is responsible for 

about 70% of the annual global destruction of stratospheric ozone via the nitrogen oxide 

catalytic cycle (Turco, 1985). 
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During burning, large amounts of living and dead carbon-based fuels are 

chemically transformed into gaseous, . liquid and solid phases and released into the 

atmosphere. These transformations may occur at substantially different rates. During 

very active combustion (flaming), the transformations proceed rapidly at high 

temperatures. Alternatively, smouldering combustion yields relatively low-temperature 

products with a low rate of release to the atmosphere, though the duration may be long. 

Many attempts have been made to characterise emissions from biomass burning. Most 

of the la_rge field studies of trace gas and particle production in biomass burns have 
•. 

occurred in the tropics, Canada, or in the western and south-eastern United States 

(Crutzen e1 al., 1979; Greenberg el al., 1984; Ward and Hardy, 1984; Cofer el al., 1989). 

The limited sets of measurements of gas emissions from these fires have been 

extrapolated to estimate gas emissions from bionass burning on a planetary scale (Seiler 

and Conrad, I 987). Tropical fires have received special emphasis because they are 

believed to constitute the most significant fraction of atmospheric emissions from 

biomass burning (Seiler and Crutzen, l 980). 

To better quantify the magnitude and nature of biomass burning emissions from 

the tropics, and in particular the role that African savanna fires exert on global and 

regional atmospheric chemistry and climate, the Southern African Fire-Atmospheric 

Research Initiative (SAr ARI) has been undertaken under the sponsorship of the 

International Geosphere-Biosphere Program's International Global Chemistry project 

(IGAC). This effort will be undertaken as part of the SAFARI 1992 experiment, and 

will provide measurements of important atmospheric trace gases and aerosols at their 

source, southern African savanna fires. Clearly, if African savanna burning is as 

extensive as it currently thought, the determination of emissions at their source will 

contribute significantly to understanding their subsequent chemical and climatic impacts 

on the atmosphere. 

Proposed Research 
Although numerous factors are known to influence combustion emissions from biomass 

fires (Cofer el al., l 990a, b) our research has focused and will focus on properties 

determined specifically by an ecosystem that will usually strongly influence its 

fire/combustion behaviour, such as fuel size and array. Typically, many of the 

parameters that govern fire behaviour and emissions are strongly determined by 

vegetation/ ecosystem properties, e.g. the ratios of living to dead fuel~, the size (large vs 

small) of the fuels, and the array and loading of the fuels. Large grass fires from an 

African savanna system involve predominantly small-size fuels (high surface to volume) 
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that are easily combustible. Thus, savanna fires would be expected to consume most 

of the available products in proportions typically associated with flaming combustion. 

This should translate into high efficiency combustion producing maximum CO2, The 

smouldering stages of the combustion (typically generating incompletely oxidised 

.. products, e.g. CO) process should be much less significant; a hypothesis we intend to test 

experimentally by means of measurements. 

Emission ratios will be determined for carbon monoxide (CO), hydrogen (H2), 

methane: (CH4), total non-methane hydrocarbons (Ti\MHC), nitrous oxide (N20) and 

aerosol.'particulates. Emission ratios are determined for the trace gasses of interest by 

normalisation with CO2. An enhanced level of CO2 .is determined for a particular smoke 

sample. This is the measured in-plume CO2 mixing ration less the ambient background 

level. The same is done for the other trace gases of interest. Individual trace gas 

enhancements are then normalised (.1x/.1C02: V/V) to the enhanced CO2 to provide 

emission ratios. Emission ratios can then be used to calculate gas and aerosol release 

into the atmosphere from biomass fires based on fuel consumption estimates. Since 

African savanna burning is considered extensive, and thus important in global burning, 

the quantification of the products and development of a budget for the principal trace 

gas and aerosol emissions based on satellite derived areas burned fires will be stressed. 

In addition, we propose to assess the relative amounts of gases (and particles) released 

during the difTcrcnt phases of combustion, placing them in context with the total burden 

released. Lastly, we intend to collect canister samples to determine isotopic carbon 

rations (13C/ 12C) in CO2 and CH4 emitted during combustion. The ratio of 13C to 12c 
measured in biomass burning plumes will allow us to derive additional constraints on the 

global significance of African savanna burning as atmospheric CH4 and CO2 sources. 

Measurements of carbon dioxide (CO2), carbon monoxide (CO), hydrogen (H2), 

methane (CH4), total non-methane hydrocarbons (TNMHC), nitrous oxide (N20) and 

aerosol/particulates will be made from a helicopter platform. We will also attempt to 

measure methyl chloride (CH3CI) emissions during savanna burning. CH3Cl may be one 

of the most important sources of atmospheric chlorine. Aerosol will be collected on 

teflon and quartz filters and analysed for sulphate (S04=), chloride (Cl=), sodium (Na+), 

ammonium (NH4+) nitrate (N03=) and potassium (K-) using ion chromatography. 

Special attention will be given to analyses for semi volatile carbon species, heavy metal 

analyses, and elemental and organic carbon determinations. Analysis, techniques will be 

as previously reported (Cofer er al., 1989; Cofer er al., 1990b; Mazurak et al., 1990; 

Dzubay and Stevens, 1991 ). 
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A helicopter will be used at low-altitudes (l 00-500 ft/30- 160 m) to acquire 

specifically targeted smoke samples over well defined areas of the fires. The helicopter 

collections, followed by chemical analysis, will be used to identify emissions at their 

source as a function of vegetation, combustion stage and fuel loading. This approach 

and the actual techniques used have been thoroughly described (Cofer et al., 1988a, b). 

In this manner, very specific information about combustion emissions under well defined 

conditions will be obtained. If savanna fires produce emissions dominated by Darning 

type produc.ts (as we anticipate), modelling of burning emissions and budgets for African 

savanna fires will be greatly simplified. 

Anticipated Results 

\Ve expect to determine empirical relationships for assessing the relative production of 

photochemically important reduced trace gases, greenhouse gases and appropriate 

proportions of particles (aerosols) and gases produced by biomass burning practices and 

\\'ildfires in the African savanna ecosystem. The quantification of source emissions \.vill 

enhance the ability to understand chemical and photochemical processes operating 

during the lifetime of smoke in the atmosphere. The nature and behaviour of 

carbonaceous aerosols in savanna smoke will also be emphasised. 

Special emphasis will be placed on determining emissions of the greenhouse gases 

CO2, CI-14 and ~ 20. Carbon isotope ratios determined from samples collected at the fire 

sources will be compared to ratios determined from samples collected from aged 'African 

smoke plumes' to assess the representativeness of the southern African fires on African 

biomass burning in general and to confirm estimate of global budgets attributed to 

African biomass burning. 
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Airborne Particulate Sampling 

H.J. Annegarn* & A. Tegen° 
* Schon/and Research Centre for Nuclear Sciences. University of 1he Witwatersrand. 

Johannesburg, South Africa 
0 Annegarn Environmental Research. P O Box 289 /4, Sandringham. 

Johannesburg. South Africa 

Biomass burning, a major source of air pollution·, occurs frequently in the Eastern 

Transvaal throughout the winter period of every year in the form of either prescribed 

or wild fires. The extent to which such plumes influence local and regional air quality 

has not been investigated previously in South Africa. Therefore we are interested in 

flying over the Eastern Transvaal, including the Lo,vveld, the Kruger National Park and 

the Transvaal Highveld, as part of the SAFARI-92 programme, to trace the smoke 

plumes of prescribed fires and plumes from coal-burning power plants. Our scientific 

interest is concerned with the determination of the chemical composition of the plumes 

and the chemical reactions in the plumes over time and distance from the source. Of 

particular interest is the possibility of fingerprinting the fire plumes. It will be a 

considerable advantage to establish this information so as to distinguish between the 

trace elements originating from biomass burning and those originating from the power 

plants in the south-eastern Transvaal. 

The airborne particulate sampling will take place on the Cessna 310 as outlined in 

the Overview. The flight paths will include near-source sampling, plume tracking and 

regional background measurements. The instruments required for this task are 

light-weight particulate samplers to be placed on the aircraft. 

The procedure we aim to follow on the plane is detailed below. Two sampling 

trains sampling at 5-10 lt min- 1 will be assembled. Filter pack number 1 uses a double 

stage stack filter unit with Nuclepore filters on the first stage (8 µm filter with cutpoint 

2.5 µm), and Teflon filters on the second stage. Filter pack number 2 uses a double 

stack filter unit with ~uclepore filters on the first stage (as above) and Quartz fibre 

filters on the second stage. The sampling strategy will require sampling for ten minutes 

( depending on the loading on the filter) in the plume downwind direction, and on the 

transverse leg sampling for between fifteen minutes and one hour. ,It is important to 

sample both the plumes from biomass burning and those from the coal burning power 

plants with the same procedures, to establish the possibility of distinguishing between 
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the two sources. To enable the operator to identify whether the aircraft is located in the 

plume, a direct reading instrument measuring one of the plume associated gases would 

be useful. This would apply specifically at longer downwind distances, where the plume 

is no longer directly visible. 

The analysis of the Nuclepore filters will be done either by X-Ray Fluorescence 

(XRF) or Proton-lnduced-Xray-Emission (PIXE). The elements resolved using these 

analyses are Na, Mg, Al, Si, P, S, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, 

Ge, As, ~e, Br and Pb. The analysis using the quartz filters will be for organic/elemental 
•. 

carbon. 
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Airborne Boundary Layer Studies over Angola 

l\tl.R. Jury 
Oceanography Department, University of Cape Town. Cape Town, South Africa 

The exis.ting SAFARI plans reflect a gap over Angola which may be crucial to the 

overall programme. September mean 700 hPa wind now indicate that wesnvard 

transport, from southern Africa to the tropical Atlantic, occurs almost exclusively over 

Angola. Further, satellite vegetation images reveal significant biomass available for 

burning on the western plateau of southern Africa (12-23°£, JO- l8°S). 

This proposal is designed to fill the observational gap over south western Angola, 

through airborne data collection at the end of September in the surface to 500 hPa layer. 

The specific issues to be investigated include: 

a) advection and diffusion processes at the top of the boundary layer ,vith emphasis on 

inland-coastal contrasts bcnveen Etosha and Launda; and 

b) the space, height and diurnal variatioQ of boundary layer meteorological variables and 

ozone. 

An attempt is being made to acquire the Water Research Commission Learjet for 

use in this experiment, to be equipped with ozone and meteorological instrumentation 

(GPS winds, particle capture, etc) and to make a number of fl ights from Luanda, 

Angola. The flight track would consist of successive profiles resulting in a vertical 

saw-tooth pattern from the surface to 500 hPa. Two horizontal patterns are proposed: 

a box-shaped grid centred on Luanda (I 2- l 6°E, 8- l 2°S); and a section from 

Grootfontein (Etosha), heading in an arc east of Huambo over the Cubango-Cuanza 

river valleys and returning in a westward coastal arc over Lobito. 

Data analysis and interpretation will place the aircraft results in the context of the 

synoptic/mesoscale subtropical weather patterns and the underlying surface/ atmosphere 

interactions. Profiles and vertical sections of ozone, 10 sec mean wind, covariance 

turbulent fluxes, temperature, dewpoint and derived meteorological parameters will be 

produced fo r the Etosha-Luanda area. 
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APPENDIX I 

SAFARI & TRACE-A SCHEDULES 

SAFARI Ground & Flight Schedule 

Dace Place Activity 

Aug27 (Thu) Etosha N.P. Meteorological obs begin 

Sep 1 (Tue) Vic. Falls Meteorological obs begin 

Kruger N.P. Meteorological obs begin 

Johannesburg Cessna commissioned 

Johannesburg DC-3 commissioned 

7 ('.\1 on) Kruger N.P. Cessna obs begin 

10 (Thu) Kruger N.P. First small burn 

11 (Fri) Kruger N.P. Second small burn 

14 (Mon) Kruger N.P. Third small burn 

Kruger N.P. Helicopter obs begin 

16 (Wed) Kruger N.P. Target large burn day 

21 (Mon) Kruger N.P. Fourth small burn 

23 (Wed) Kruger N.P. . Target large burn day 

25 (Fri) Kruger N.P. Last possible burn day 

Kruger N.P. Helicopter decommissioned 

30 (Wed) Johannesburg Cessna decommissioned 

Oct 2 (Fri) Etosha N.P. First possible burn day 

9 (Fri) Etosha N.P. Last possible burn day 

10 (Sat) Etosha N.P. Meteorological obs end 

Vic. Falls Meteorological obs end 
' 

Kruger N.P. Meteorological obs end 

Johannesburg DC-3 decommissioned 
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TRACE-A DC-8 Schedule 

Dare Irinerary Hours Objectives 

Aug 27 (Thu) Depart Ames 

29 (Sat) Key West-Recife 8.5 Transit 

31 (Mon) Recife-Brasilia 7.5 Transit & 
Brazilian outflow 

Sep 3 {Thu) Brasilia-Brasilia 7.5 Convective transport 
Brazilian outflow 

5 (Sat) Brasilia-Brasilia 7.5 Convec. trans. & 
Brazilian outflow 

8 (Tue) Brasilia-Ascension 8.0 Brazilian outflow 
& Transit 

IO (Thu) Ascension-Ascension 8.0 Large-scale circult'n 

12 (Sat) Ascension-Ascension 8.0 Large-scale circult'n 

14 (Mon) Ascension-] o'burg 8.0 Transit & 
African outflow 

17 {Thu) Jo'burg-Jo 'burg 7.0 Source characterisation 

19 (Sat) Jo'burg-Jo'burg 7.0 Source characterisation 

24 {Thu) Jo'burg-Windhoek 5.0 Coordinate with DC-3 
& Transit 

26 (Sat) Windhoek-Windhoek 7.0 African source & 
Export flow 

28 (Mon) Windhoek-Windhoek 8.0 African source & 
Export flow 

30 (Wed) Windhoek-Windhoek 8.0 Large-scale circult'n 

Oct 2 (Fri) Windhoek-Ascension 7.0 Export flow 
& Transit 

Oct 4 (Sun) Ascension-San Juan 9.0 Transit 

6 (Tue) Arrive Ames 

(143 hours of flight time are approved) 
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Ozonesonde Release S chedule 

Date Brazil Ascension Brazzaville Pretoria E1osha 

Aug29 (Sat) X X X 
30 

31 (Mon) X X X (X) 
Sep l 

2 (Wed) X 
3 ·: (Thu) X X X X 
4 
5 (Sat) X X X (X) 
6 

7 (Mon) X 
8 (Tue) X X X (X) X 
9 

IO (Thu) X X X 
11 
12 (Sat) X X X X X 
13 

14 (Mon) X X X X X 
15 
16 
17 (Thu) X X X X X 
18 
19 (Sat) X X X X X 
20 

21 (Mon) X X X X X 
22 
23 (Wed) X X X X 
24 (Thu) X X X X X 
25 (Fri) (X) 
26 (Sat) . X X X X 
27 

28 (Mon) X X X X X 
29 (Tue) (X) 
30 (Wed) X X X X X 

Oct l (Thu) (X) 
2 (Fri) X X X -x X 
3 
4 (Sun) X X X X X 

5 
6 (Tue) X X X X 
7 
8 (Thu) X 
9 

10 (Sat) X 
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APPENDIX II 

List of Acronyms 

AVHRR Advanced Very High Resolution Radiometer 
BIBEX Biomass Burning Experiment 
DECAFE Dynamique Et Chimie Atmospherique en Foret Equatoriale 
ECMWF European Centre for Medium-range Weather Forecasting 
ENP Etosha National Park, Namibia 
EPA Environmental Protection Agency 
ESA European Space Agency 
ETH Eastern Trans\'aal Highveld 
GIS Geographic Information System/ s 
GSFC Goddard Space Flight Center (NASA) 
I CSU International Council of Scientific Unions 
IGAC International Global Atmospheric Chemistry Programme 
IGBP International Geosphere-Biosphere Programme 
INPE Institute for Space Research (Brazil) 
KNP Kruger National Park, South Africa 
\1PI Max Planck Institute 
NASA National Aeronautics and Space Administration 
NCAR National Center for Atmospheric Research 
SAFARI Southern African Fire-Atmosphere Research Initiative 
SAGE Stratospheric Aerosol Gas Experiments 
SANORP South African >!ational Ozone Research Programme 
SA WB South African Weather Bureau 
ST ARE Southern Tropical Atlantic Regional Experiment 
TOMS Total Ozone Mapping Spectrometer 
TRACE-A Transport and Atmospheric Chemistry near the Equator - Atlantic 
UND University of Natal, Durban 
USFS United States Forest Services 
UV a University of Virginia, Charlottesville 
Wits University of the Witwatersrand, J ohannesburg 
ZI M Zimbabwe 
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APPENDIX III 

Participants in SAF ARI-92 

Prof Dr MO Andreae (Andi) 
Biogeochemistry Department 
Max Planck Institute for Chemistry 
Postfach 3060, 6500 Mainz, Germany 
T: +49 613 1 30 5420 F: +49 6131 30 5487 
e-mail: l\10A@DGAIPP1 S.BITNET 

Prof Dr MO Andreae (Andi) - (June-July 1992) 
Department of Geo sciences 
University of California at Irvine 
Irvine, CA 927 17, USA 
T: + I 714 725 2685 F: + I 7 14 725 3256 
e-mail: andreae@ ozone.ps.uci.edu 

Prof H J Annegarn (Harold) 
Schonland Research Centre for Nuclear Sciences 
Universitv of the Witwatersrand 
P O Wits: Johannesburg 2050, South Africa 
T: +27 11 7163202 F: +27 11 3392144 

\1r C Archer (Cal) 
South African Weather Bureau 
Private Bag X97 
Pretoria 000 l , South Africa 
T: +27 12 290 9111 F: +27 12 290 2958 

Dr R E Babbitt (Ronald) 
Intermountain Fire Sciences Laboratory 
USDA-Forest Service 
P O Box 8089, Missoula, MT 59807, USA 
T: + 1 406 329 4866 F: + I 406 329 4863 

Mr D Bergmann (Dirk) 
Namibia Meteorological Service 
Private Bag 13224, Windhoek, Namibia 
T: +27 61 208 2 175/ 9 F: +27 61 208 2197 

Mr T Boyle (Tim) 
Satellite Applications Centre, CSIR 
P O Box 395, Pretoria 0001 
South Africa 
T: + 27 11 642 4692/3 F: + 27 11 642 2446 

Mr E-G Brunke (Ernst) 
EMATEK/CSIR 
PO Box 72, Faure 7131 
South Africa 
T: + 27 24 43820 F: + 27 24 43525 
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Dr R A Burke (Roger) 
United States Environmental Protection Agency 
Environmental Research Laboratory 
960 College Station Road, Athens, GA 30613-7799, USA 
T: + I 706 546 3428 F: + I 706 546 2018 

Dr H Cachier (Helene) 
Centre des Faibles Radioactivites 
CNRS-CEA, Av. de la Terrasse 
F-9 I I 98 Gif-sur-Yvette Cedex, France 
T: + 33 169 82 3548 F: + 33 169 82 3568 

Dr D J Cahoon (Don) 
NASA Langley Research Center 
Mail Stop 40 l B 
Hampton, VA 23665-5225, USA 
T: + l 804 864 5692 F: + l 804 864 5841 

Mr R Chadyendiya (Robert) 
Officer in Charge, Meteorological Office 
Victoria Falls Airport 
P O Box 11, Victoria Falls, Zimbabwe 
T: + 263 13 43254/6 (w) 4285 (h) F: + 263 l 3 

Dr W R Cofer III (Randy) 
NASA Langley Research Center 
Mail Stop 401B 
Hampton, VA 23665-5225, USA 
T: + I 804 864 5692 F: + I 804 864 584 I 

Dr B Cros (Bernard) 
Laboratoire de Physique de !'Atmosphere, Dept of Physics 
Faculte des Sciences, Univ Marien Kgouabi, B P 69, 
Brazzaville, Rep Populaire du Congo 
T : + 33 I 429 68028 (Paris) F: + 242 83 2136 

Dr P Cunningham (Peter) 
Department of Physics 
University of Natal, King George VA venue 
Durban 4001, South Africa 
T: + 27 31 816 1402 F: + 27 31 816 22 14 

Dr A de Kock (Ansie) 
Department of Oceanography 
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