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PROBLEM 

• Biomass burning is the most important source 
of air pollutants in the tropics, mainly related 
to aerosols and production of tropospheric 
ozone. 

• Burned biomass in the tropics accounts for 
about 2–5 x 1015 g C year-1 (Crutzen and 
Andreae, 1990). Most of this amount is 
converted to CO2, CO, NOx and many other 
chemical compounds that has key roles in 
atmospheric chemistry and climate. 
 



(IPCC, 2007) 



COMPOUNDS EMITTED BY BIOMASS BURNING 

• CO2  
– Important for climate change because it is the main 

greenhouse gas 

• NOx, CO, CH4, other hydrocarbons 
– Main ingredients of photochemical smog 

(tropospheric ozone) and also some of them are 
greenhouse gases 

• Halogenated hydrocarbon (p.ej. CH3Br) 
– Important effects on the ozone layer 

• Aerosols (particulate matter) 
– Interaction with light( absorption and dispersion). 

Also they are cloud condensation nuclei (CCN) 

• And much more!! 



Foto: Dr. Meinrat Andreae 

Quema de vegetación 

 



FIRES PERU VS. BRASIL VS BOLIVIA 
There is an important amount of pollution produced by biomass burning in the 
tropics, mainly in Brazil 

Fire pixels from 
NOAA satellites for 
2000 to 2008 (from 
DSA/INPE) over 
Peru, Brazil and 

Bolivia. 
 

Note the logarithmic 
scale of Y axis. 



TRANSPORT OF POLLUTANTS 

Field winds at 700 HPa of global analysis (NCEP-NCAR) 
Shows the dominant winds coming from east to west region of the Amazonia 

creating special conditions for transporting different pollutants.  



SAMPLING SITES 
• 3 Sampling sites in the southern Amazon of Perú where towers above the forest were availables: 

INCAS (INtensive Campaign for Aerosol Sampling) 2007/2008 



TROPOSPHERIC OZONE 
• Important alteration of the atmospheric composition in the tropics due to 

biomass burning emissions coming from Amazonia that covers entire 
continent Satelite MOPITT measuring CO, main responsible for 
tropospheric ozone production 



Latitudinal 
variation of 

tropospheric 
ozone over the 

Andean and 
Amazonia of 
Peru at 72.5 

West of 
longitude 

 
Influence of 

biomass burning in 
Brazil??? 



AEROSOLS (particulate matter) 



AEROSOLS (particulate matter) 

• Comparación sizes of particles related to rain development 



INSTRUMENTS 

• Sunphotometer SP02 – L 
• With 4 channel: 412, 500, 

675 y 862 nm 
• Field vision: 2.5° 
• Determine physical 

properties: Aerosols 
Optical Depth (AOD). 



MONITORING IN THE ANTARTIC 
• Monitoring ozone layer, UV radiation and aerosols at 

the Peruvian Antarctic Station, Machu Picchu, 2008. 



ELEMENTAL CHEMICAL COMPOSITION 
OF AEROSOLS 
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Comparison of the chemical composition of aerosols: coarse and fine fraction 

Coarse Fine 



CHEMICAL COMPOSITION OF AEROSOLS 

Comparison of the results between transition (August and September) and burning (October 
and November) period for fine and coarse fraction of aerosols at Mazamari (A) and Manu 
(B) locations  during fieldwork in 2008. 
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Not only 
transport of 
pollutants 

from Brazil 
 

Fires in Bolivia 
(September 

2005) 



Amazonia del oeste,  
Sep 14th 2004 

Leticia, Colombia 

Santa Cruz, 
Bolivia 

Datos de NASA 
http://modis.gsfc.nasa.gov 

Regional problem? 
Regional solutions? 



SPATIAL VARIATION OF AEROSOLS 

Spatial variation of aerosol optical depth by MODIS sensor where is possible to 
note that aerosol over Peru is influenced by pollution coming from Brazil. 



VERTICAL VARIATION OF AEROSOLS 

Vertical variation of light 
dispersion in the 
atmosphere related to 
different elements (mainly 
low and high cloud and 
aerosols). The red arrow 
indicates pass over the 
study area during 
September 17th 2008, the 
day that has the highest 
value for AOD of MODIS 
(0,741). 



BACKWARD TRAJECTORIES 

• Strong influence of emissions coming from 
Brazil and Bolivia 



GESTION AMBIENTAL 



Land use change of Peruvian Amazon trough for example deforestation and selective 
logging, increases carbon emissions t o a regional level in 47% and the secundary forest 

captured 18% of total emissions 
 

Examples of deforestation in 
Peruvian Amazon (i) small 
scale mining (ii) selective 
logging, and other disturbs, y 
(iii) deforestation for cattle, 
roads and other 
infraestructure. 
(Asner et al., 2010) 



DEFORESTATION AND CLIMATE 
• Future scenarios of deforestation in Amazon: a) 

Actual, b) 2030, c) 2050, and d) total deforestation 



Modelos conceptuales de deforestación en la 
precipitación - Avissar et al, 2002 
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CLIMATE CHANGE 

LAND USE COVER 
CHANGE 

Andean and Amazon air masses contains enough humidity to produce 
rain over the Amazon and Andes region of Peru. What options to adapt? 
 
 

Climate change is identified as the main factor for environmental 
changes in Amazon and Andean region. What options to adapt? 



Malhi et al. (2008) Science 

El futuro de la Amazonía depende de la interacción de los factores 
climáticos y humanos 

(1) deforestación, fuegos y reducciones en la lluvia 

Zonas de alta 
probabilidad 

de 
deforestación 

Reducción en 
lluvia (%) 

(IPCC A1B) 
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