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RESUMEN

El sistema rastreador de carbono desempeñará un papel importante para mejorar la comprensión sobre las 
fuentes y sumideros de CO2, el intercambio de gases entre la atmósfera y el océano, y las emisiones de gases 
provenientes de incendios forestales y combustibles fósiles en América Latina y el Caribe. El objetivo del 
rtgugpvg"guvwfkq"gu"cpcnk¦ct"ncu"vgpfgpekcu"fg"nqu"Þwlqu"fg"ectdqpq"gp"nc"dkquhgtc"{"gn"qeficpq."cu‡"eqoq"ncu"
emisiones procedentes de incendios forestales y el uso de combustibles fósiles en dicha región, mediante 
gn"ukuvgoc"tcuvtgcfqt"fg"ectdqpq0"Fg"4222"c"422;"gn"Þwlq"rtqogfkq"fg"ectdqpq"rctc"nc"dkquhgtc."gn"wuq"fg"
combustibles fósiles, los incendios y el océano en América Latina y el Caribe fue de –0.03, 0.41, 0.296 y 
–0.061 Pg C/yr, respectivamente, y en México fue de –0.02, 0.117, 0.013 y –0.003 Pg C/yr, respectivamente. 
Gn"rtqogfkq"fgn"Þwlq"pgvq"fg"ectdqpq"gp"Cofitkec"Ncvkpc"{"gn"Ectkdg."rqt"wp"ncfq."{"Ofizkeq."rqt"gn"qvtq."
fue de 0.645 y 0.126 Pg C/yr, respectivamente. En América Latina y el Caribe, los sumideros terrestres de 
ectdqpq"ug"gpewgpvtcp"rtkpekrcnogpvg"gp"ncu"tgikqpgu"dquequcu"{"cit‡eqncu."cu‡"eqoq"gp"nqu"rcuvk¦cngu."¦qpcu"
fg"ctdwuvqu"{"gp"nc"eqtfknngtc"fg"nqu"Cpfgu0"Nqu"Þwlqu"pgvqu"gpvtg"nc"uwrgtÝekg"{"nc"cvo„uhgtc"swg"kpenw{gp"cn"
combustible fósil son predominantes en los alrededores de las grandes ciudades de México, Brasil y Chile, al 
kiwcn"swg"gp"ncu"¦qpcu"fg"fghqtguvcek„p"gp"gn"t‡q"Coc¦qpcu0"Ug"jc"eqortqdcfq"swg"nqu"kpegpfkqu"hqtguvcngu"
son una importante fuente de CO2"gp"Cofitkec"Ncvkpc"{"gn"Ectkdg0"Rqt"qvtc"rctvg."rqfgoqu"eqpÝtoct"swg"nc"
rqn‡vkec"fg"hqogpvq"cn"wuq"fg"gvcpqn"gp"xgj‡ewnqu"nkxkcpqu"gp"Dtcukn"jc"eqpvtkdwkfq"c"fkuokpwkt"ncu"gokukqpgu"
de carbono generadas a partir de combustible fósiles, y suponer el efecto del programa Proárbol en México 
como resultado de la absorción de carbono proveniente de la biosfera y de incendios forestales. Este estudio 
eqpÝtoc"swg"gn"ukuvgoc"tcuvtgcfqt"fg"ectdqpq"rwgfg"ewornkt"wp"rcrgn"korqtvcpvg"gp"Ncvkpqcofitkec"{"gn"
Ectkdg"eqoq"jgttcokgpvc"ekgpv‡Ýec"rctc"eqortgpfgt"oglqt"nqu"rtqeguqu"fg"cduqtek„p"{"nkdgtcek„p"fg"ectdqpq"
derivados de los ecosistemas terrestres, del uso de combustibles fósiles y del océano, además de permitir una 
vigilancia a largo plazo de las concentraciones de CO2 en la atmósfera.

ABSTRACT

The Carbon Tracker system will play a major role in understanding CO2 sinks and sources, gas exchange 
dgvyggp" vjg"cvoqurjgtg"cpf"qegcpu."cpf"icu"gokuukqpu"htqo"hqtguv"Ýtgu"cpf"hquukn" hwgnu" kp"Ncvkp"Cogtkec"
cpf"vjg"Ectkddgcp0"Vjku"rcrgt"fkuewuugu"vjg"vtgpfu"kp"ectdqp"Þwzgu"kp"vjg"dkqurjgtg"cpf"qegcp."cu"ygnn"cu"
gokuukqpu" htqo" hqtguv"Ýtgu" cpf" hquukn" hwgn" wug" kp" vjg" cdqxg/ogpvkqpgf" tgikqp." wukpi" vjg"Ectdqp"Vtcemgt"
*EV+"u{uvgo0"Htqo"4222"vq"422;."vjg"ogcp"ectdqp"Þwzgu"hqt"vjg"dkqurjgtg."hquukn"hwgn"wug."yknfÝtgu"cpf"vjg"
ocean in Latin America and the Caribbean were –0.03, 0.41, 0.296, –0.061 Pg C/yr, respectively, and –0.02, 
20339."20235." Î20225"Ri"E1{t." tgurgevkxgn{." kp"Ogzkeq0"Vjg"ogcp"pgv" ectdqp"Þwz" hqt"Ncvkp"Cogtkec" cpf 
the Caribbean was 0.645 Pg C/yr, and 0.126 Pg C/yr for Mexico. The terrestrial sinks in Latin America and the 
Caribbean are dominated by the forest, agricultural, grass and shrub regions, as well as the Andes mountain 
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tcpig"cpf"vjg"pgv"uwthceg/cvoqurjgtg"Þwzgu"kpenwfkpi"hquukn"hwgn"ctg"fqokpcpv"kp"tgikqpu"ctqwpf"nctig"ekvkgu"
kp"Ogzkeq."Dtc¦kn."Ejkng."cpf"ctgcu"wpfgtiqkpi"fghqtguvcvkqp"cnqpi"vjg"Coc¦qp"Tkxgt0"Vjg"tguwnvu"eqpÝto"vjcv"
hqtguv"Ýtgu"ctg"cp"korqtvcpv"uqwteg"qh"EQ2 kp"Ncvkp"Cogtkec"cpf"vjg"Ectkddgcp0"Kp"cffkvkqp."yg"ecp"eqpÝto"vjcv"
policies encouraging the use of ethanol in light vehicles in Brazil have helped to decrease carbon emissions from 
hquukn"hwgn."cpf"cuuwog"vjg"ghhgevu"qh"vjg"Rtqƒtdqn"rtqitco"qp"ectdqp"ukpmu"htqo"vjg"dkqurjgtg"cpf"htqo"Ýtg"
gokuukqpu"uqwtegu"kp"Ogzkeq0"Dcugf"qp"vjku"cpcn{uku."yg"ctg"eqpÝfgpv"vjcv"vjg"EV"u{uvgo"yknn"rnc{"c"oclqt"tqng"kp"
Ncvkp"Cogtkec"cpf"vjg"Ectkddgcp"cu"c"uekgpvkÝe"vqqn"vq"wpfgtuvcpf"vjg"wrvcmg"cpf"tgngcug"qh"EQ2 from terrestrial 
ecosystems, fossil fuel use and the oceans, and for long-term monitoring of atmospheric CO2 concentrations.

Keywords: Carbon Tracker system, CO2 sinks and sources, Latin America and the Caribbean, biosphere, 
hquukn"hwgn."hqtguv"Ýtgu0

1. Introduction

Atmospheric measurements show that the global 

average of atmospheric carbon dioxide (CO2) concen-

tration is currently above 398 parts per million (ppm) 

and rising. Gaining a more accurate understanding 

of the CO2 Þwzgu"kpxqnxgf"kp"vjg"inqdcn"ectdqp"e{eng"
yknn" tgswktg" c" itggpjqwug" icu"oqpkvqtkpi" u{uvgo"
ykvj"cfgswcvg"ceewtce{"cpf"rtgekukqp"vq"qdlgevkxgn{"
swcpvkh{"rtqitguu" kp" tgfwekpi"EQ2 emissions. The 

current sparse network of observation sites across 

North America and elsewhere is suitable for calculat-

kpi"cppwcn"eqpvkpgpvcn"Þwzgu"qh"EQ2; but evaluating 

vjg"uweeguu"qh"okvkicvkqp"ogcuwtgu" tgswktgu"Þwzgu"
to be resolved within much smaller regions. Current 

ground-based measurement technologies can provide 

vjg"tgswktgf"rtgekukqp."dwv"vjg"pwodgt"qh"ogcuwtg-
ogpvu"ku"uvknn"kpuwhÝekgpv0"C"rqygthwn"yc{"vq"wug"vjgug"
data is through a data assimilation system, which 

ecp"wvknk¦g"fkxgtug"v{rgu"qh"fcvc"vq"fgxgnqr"c"wpkÝgf"
description of the modeled physical/biogeochemical 

system, consistent with the observations. The cur-

rent grid scale for assimilation systems –such as the 

Ectdqp"Vtcemgt."vjg"Ýtuv"fcvc"cuukokncvkqp"u{uvgo"vq"
provide CO2 Þwz"guvkocvguÎ"ku"nkokvgf"vq"c"tguqnwvkqp"
of about 100 km or larger, primarily due to computer 

tguqwteg"nkokvcvkqpu"*Octswku"cpf"Vcpu."422:+0
Knowledge of current carbon sources and sinks, 

their spatial distribution, and their variability in time 

is essential for predicting future atmospheric CO2 

concentrations, and therefore the anthropogenic 

perturbation of radiative forcing by CO2 (Denman et 

al., 2007; Hougton, 2007). To that end, we analyze 

c"wpkswg"xgtvkecn"rtqÝng"ucornkpi"uvtcvgi{"wukpi"vjg"
Carbon Tracker (CT) 2011 system, which was im-

plemented by the National Oceanic and Atmospheric 

Administration/Earth System Research Laboratory 

(NOAA/ESRL) to extract signatures of the exchange 

of CO2 and trace gases at continental scales and their 

associated variability (Crevoisier et al., 2010).

Cu"c"uekgpvkÝe"vqqn."vqigvjgt"ykvj"nqpi/vgto"oqp-

itoring of atmospheric CO2 concentrations CT will 

help to improve our understanding of how carbon 

uptake and release from terrestrial and ocean ecosys-

tems is responding to a changing climate, increasing 

atmospheric CO2 and other environmental changes, 

including management strategies. CT will play a 

major role as a tool for monitoring, diagnosing, and 

possibly predicting the behavior of the global carbon 

cycle and the climate system. It can also monitor 

cppwcn"ectdqp"Þwzgu"cv"tgikqpcn"cpf"inqdcn"uecngu."
even though its accuracy is lower than other methods, 

as shown in Table I (Hiroshi et al., 2013).

CT can also become a policy support tool, since 

kv" ecp" ceewtcvgn{" swcpvkh{" pcvwtcn" cpf" cpvjtqrq-

genic CO2 emissions and uptake at regional scales, 

which are currently limited by sparse observational 

pgvyqtmu0"Ykvj"cfgswcvg"qdugtxcvkqpu."EV"ecp"dg"
used to track regional emissions over long time 

periods, including those from fossil fuel use; this 

will provide an independent control on emission 

amounts and estimates of fossil fuel use, based on 

economic inventories. With CT, responses to poli-

cies aimed at limiting greenhouse gases emissions 

can be evaluated. This independent measure of the 

effectiveness of policy choices can help improve 

mitigation strategies. CT is intended to be a tool for 

the community. Policy makers, industry, scientists, 

and the general public can use information from CT 

to make informed decisions on limiting greenhouse 

gases levels in the atmosphere.

Our ability to accurately track carbon with im-

proved spatial and temporal resolution depends 

on our ability to analyze an appropriate number of 

samples in order to characterize atmospheric vari-
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cdknkv{0"EVŁu" cdknkv{" vq" ceewtcvgn{" swcpvkh{" pcvwtcn"
and anthropogenic emissions and uptake at regional 

scales with a 1º × 1º spatial distribution in surface 

Þwzgu"ku"ewttgpvn{"nkokvgf"d{"c"urctug"qdugtxcvkqpcn"
network outside North America. Observation sites 

eqnngev" Þcum" ckt" ucorngu" cv" :3" ukvgu." eqpvkpwqwun{"
measured samples at 13 sites, and tower samples at 

nine locations across the world. We expect that the 

Ýpgt/uecng"guvkocvgu"yknn"dgeqog"oqtg"tqdwuv"ykvj"
future expansion of the CO2 observing network.

CT could be used as a tool for understanding other 

atmospheric species and their possible roles in rela-

tion to the global carbon cycle. CT North America, 

CT Europe, and CT Asia are already operating, and 

Methane Tracker and CT Australia are being devel-

oped (NOAA/ESRL, 2013). CT 2011 is the sixth 

and latest release of the NOAA CO2 measurement 

and modeling system; it is designed to keep track of 

sources (emissions to the atmosphere) and sinks (re-

moval from the atmosphere) of carbon dioxide around 

the world, using atmospheric CO2 observations from 

a host of collaborators. CT 2011 provides global es-

vkocvgu"qh"vjgug"uwthceg"Þwzgu"qh"EQ2 from January 

2000 through December 2010 (NOAA/ESRL, 2013).

Latin America and the Caribbean, bordering on 

vjg"RcekÝe"cpf"Cvncpvke"qegcpu."jcxg"cdwpfcpv"pcvwtcn"
resources and important ecological landforms. In 

South America, the Amazon River, with the largest 

drainage basin in the world (around 7 050 000 km2) 

ceeqwpvu"hqt"crrtqzkocvgn{"qpg/Ýhvj"qh"vjg"yqtnfÓu"
vqvcn" tkxgt"Þqy."cpf" vjg"Coc¦qp"dcukp"jcu" nquv"cp"
area of about 78 000 km2 since 1960 mainly due to 

economic development. Even though, carbon emis-

sions in 2009 from fossil fuel use in South America 

accounts for around 2% of the global emissions. 

Atmospheric CO2 concentration in South America 

is only 2 ppm lower than the global average CO2 

concentration (Park et al., 2012). Deforestation and 

ecosystem degradation have increased anthropogenic 

CO2 emissions, which have resulted in climate change 

during the last decades (Ellsaesser, 1990).

CT for Latin America and the Caribbean will 

rnc{"c"oclqt" tqng" kp"cpcn{¦kpi"ectdqp"Þwzgu" htqo"
terrestrial photosynthesis (CO2 sink) and respiration 

(CO2 source), uptake of other greenhouse gases, gas 

exchange between the atmosphere and oceans, and 

icu"gokuukqpu"htqo"hqtguv"Ýtgu"cpf"hquukn"hwgn"wug0"
This analysis presents a discussion of the trends in 

ectdqp"Þwzgu"kp"vjg"dkqurjgtg."qegcpu."cpf"gokuukqpu"
htqo"hqtguv"Ýtgu"cpf"hquukn"hwgn"wug"kp"Ncvkp"Cogtkec"
and the Caribbean using the CT system.

2. Introduction to CT

CT is a system that calculates carbon dioxide uptake 

cpf"tgngcug"cv"vjg"GctvjÓu"uwthceg"qxgt"vkog."cpf"ku"
composed of seven modules as shown in Figure 1 

Vcdng"K0"Ogvjqfu"hqt"ogcuwtkpi"ectdqp"Þwz"cpf"vjgkt"ejctcevgtkuvkeu0

Chamber-based measurement
Soil-CO2

rtqÝng
Micrometeorology Carbon Tracker

Closed Open Calculation by 

HkemÓu"Ncy
Eddy correlation TM5 nested

transport model

Accuracy Ideal Good Good Good/fair Good/fair
Continuous Yes/no Yes No Yes Yes
Environmental 

oqfkÝecvkqp
Large/small Small No No No

Cost Low High Low High High/low
Measured GHGs CO2, CH4,

N20

CO2, CH4 CO2, CH4,

N2O

CO2, CH4,

N2O

CO2, CH4

Application
Forest Yes Yes Yes Yes/no Yes
Grassland Yes Yes Yes No Yes
Wetland Yes Yes Yes No Yes
Ocean Yes/no Yes/no No Yes/no Yes
Scale
Temporal Local Local Local Local Regional/global
Spatial min ~ h min ~h  min ~ h  min ~ h h ~ yr
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(NOAA/ESRL, 2013). It estimates carbon dioxide 

exchange from an “atmospheric point of view”.

2.1 Ocean module

Vjg" qegcpu" rnc{" cp" korqtvcpv" tqng" kp" vjg"GctvjÓu"
carbon cycle. They are the largest long-term sink for 

carbon and have an enormous capacity to store and 

redistribute CO2 within the Earth system. Ocean-

ographers estimate that about 48% of the CO2 from 

fossil fuel burning has been absorbed by the ocean 

(Sabine et al., 2004). Although much progress has 

dggp"ocfg"kp"tgegpv"{gctu"vq"wpfgtuvcpf"cpf"swcpvkh{"
ocean sink, considerable uncertainties remain about 

the distribution of anthropogenic CO2 in the ocean. 

It was reported that 20 to 35% of anthropogenic CO2 

gokuukqpu"ygtg"ugswguvgtgf"d{"vjg"qegcp"*Ucoct"et 

al., 2009). The annual changes in oceanic sinks are 

small and well constrained (Gruber et al., 2009). 

The dissolution of CO2"kp"ugcycvgt"ujkhvu"vjg"qegcpÓu"
ectdqpcvg"gswknkdtkwo" vqyctfu"c"oqtg"cekfke" uvcvg"
with a lower pH. This effect is already measurable 

(Caldeira and Wickett, 2003), and is expected to be-

come an acute challenge to shell-forming organisms 

over the coming decades and centuries. Although 

oceans as a whole have been a relatively steady net 

carbon sink, CO2 can also be released from oceans 

depending on local temperatures, biological activity, 

wind speeds, and ocean circulation. These processes 

are all considered in the CT system, since they can 

jcxg"ukipkÝecpv"ghhgevu"qp"vjg"qegcp"ukpm0"Kortqxgf"
estimates of air-sea exchange of carbon help us in 

turn to understand variability of both the atmospheric 

burden of CO2 and terrestrial carbon exchange. Oce-

anic uptake of CO2 in CT is computed using air-sea 

differences in the partial pressure of CO2, inferred 

either from ocean inversions or from a compilation 

of direct measurements of seawater pCO2. These air-

sea partial pressure differences are combined with a 

gas transfer velocity computed from wind speeds in 

vjg"cvoqurjgtke"vtcpurqtv"oqfgn"vq"eqorwvg"Þwzgu"
of carbon dioxide across the sea surface (NOAA/

ESRL, 2013).

2.2 Biosphere module

The biosphere component of the terrestrial carbon 

cycle consists of all the carbon stored in biomass, 

which includes trees, shrubs, grasses, carbon in soils, 

dead wood, and leaf litter. These reservoirs of carbon 

can exchange CO2 with the atmosphere. Exchange 

starts when plants take up CO2 during the growing 

season through photosynthesis (CO2 sink). Some of 

this carbon is released to the atmosphere through-

out the year through respiration (CO2 release); this 

includes both the decay of dead wood and litter and 

the metabolic respiration of living plants. Vegetation 

also returns carbon to the atmosphere when biomass 

is burned. The biosphere model currently used in CT 

is the Carnegie-Ames Stanford Approach (CASA) 

biogeochemical model, which calculates global 

ectdqp"Þwzgu"wukpi" kprwv" htqo"ygcvjgt"oqfgnu" vq"
drive biophysical processes, and a satellite-observed 

normalized difference vegetation index (NDVI) to 

track plant phenology. The version of the CASA 

model used so far was run using year-by-year climate 

data and satellite observations, including the effects 

qh"Ýtgu"qp"rjqvqu{pvjguku"cpf"tgurktcvkqp"*Ikinkq"et 

al., 2006). This simulation renders 0.5º × 0.5º global 

Þwzgu"qp"c"oqpvjn{"vkog"tguqnwvkqp0

Fig. 1. Description of data source and spatial resolution in CT modules.



65Carbon Tracker system in Latin America and the Caribbean

2.3 Fire module

Hqtguv"cpf"itcuuncpf"Ýtgu"ctg"cp"korqtvcpv"rctv"qh"
the carbon cycle and have been so for many millen-

nia. Even before human civilization began to use 

Ýtgu" vq" engct" ncpf" hqt" citkewnvwtcn" rwtrqugu."oquv"
hqtguv"gequ{uvgou"ygtg"uwdlgev"vq"pcvwtcn"Ýtgu"vjcv"
would renovate old forests and add nutrients to the 

uqknu0"Yjgp"Ýtgu"eqpuwog"rctv"qh"vjg"ncpfuecrg"kp"
either controlled or natural burning, carbon dioxide 

(together with other gases and aerosols) is released 

kp"nctig"swcpvkvkgu0"Gcej"{gct."xgigvcvkqp"Ýtgu"gokv"
around 2 PgC as CO2 into the atmosphere, mostly in 

vjg"vtqrkeu0"Ewttgpvn{."c"nctig"htcevkqp"qh"vjgug"Ýtgu"
are started by humans, and most are intentionally used 

to clear land for agriculture, or to re-fertilize soils 

before a new growing season. This important com-

ponent of the carbon cycle is monitored mostly from 

space, while sophisticated biomass burning models 

are used to estimate the amount of CO2 emitted by 

gcej"Ýtg0"Vjgug"guvkocvgu"ctg" vjgp"wugf"kp"vjg"EV"
system to prescribe the emissions, without further 

tgÝpgogpv"d{"qwt"ogcuwtgogpvu0"Vjg"Ýtg"oqfwng"
currently used in the CT is based on the Global Fire 

Emissions Database (GFED), which uses the CASA 

biogeochemical model to estimate the carbon fuel 

in various biomass pools. The dataset consists of 

a monthly 1º × 1º gridded burned area, fuel loads, 

eqodwuvkqp" eqorngvgpguu." cpf"Ýtg" gokuukqpu" *E."
CO2, CO, CH4, NMHC, NOx, N2O, PM2.5, total 

particulate matter, total carbon, organic carbon, black 

carbon) for the period spanning from January 1997 

to December 2009 (NOAA/ESRL, 2013).

2.4 Observations

Observations of the CO2 mole fraction by NOAA/

ESRL and partner laboratories are at the heart of the 

CT system. They report changes in the carbon cycle, 

whether they are regular (such as the seasonal growth 

and decay of leaves and trees), or irregular (such 

cu"vjg"tgngcug"qh"ectdqp"d{"hqtguv"Ýtgu+0"Vjg"tguwnvu"
qh" vjg"EV" u{uvgo"fgrgpf" fktgevn{" qp" vjg" swcnkv{."
amount and location of available observations, and 

the degree of detail at which we can reliably mon-

itor the carbon cycle increases with the density of 

the observation network. CT uses measurements of 

air samples collected at surface sites in the NOAA/

ESRL Cooperative Global Air Sampling Network, the 

Eqooqpygcnvj"UekgpvkÝe" cpf" Kpfwuvtkcn"Tgugctej"
Organization (CSIRO) Air Sampling Network and the 

Nuclear and Energy Research Institute /Environmen-

tal and Chemistry Centre (IPEN/CQMA) sampling 

rtqitco"yjgtg"cxckncdng."gzegrv" vjqug"Þciigf"hqt"
analytical or sampling problems, or those thought to 

dg"kpÞwgpegf"d{"nqecn"uqwtegu0"Vjg"ukvgu"hqt"yjkej"
data are available thus vary each week depending on 

successful sampling and analysis and the sampling 

htgswgpe{"cv"gcej"ukvg0"Kp"Uqwvj"Cogtkec."vjtgg"uvc-
tions in Arembepe, Bahia (12.77º S, 38.17º W) Brazil, 

Easter Island (27.15º S, 109.45º W) Chile, and Tierra 

del Fuego, Ushuaia (54.87º S, 68.48º W) Argentina 

are used by the CT system (NOAA/ESRL, 2013).

2.5 Fossil fuel module

Human beings first influenced the carbon cycle 

vjtqwij"ncpf"wug"ejcpig0"Gctn{"jwocpu"wugf"Ýtg"vq"
control animals and later to clear the forest for ag-

riculture. Over the last two centuries, following the 

industrial and technical revolutions and the increase 

in world population, fossil fuel combustion has be-

come the largest anthropogenic source of CO2. Coal, 

oil and natural gas combustion are the most common 

energy sources in both developed and developing 

countries. Various sectors of the economy rely on 

fossil fuel combustion: power generation, transporta-

tion, industrial processes, and residential/commercial 

building heating. In 2008, the world emissions of CO2 

htqo"hquukn"hwgn"dwtpkpi."egogpv"yqtmu."cpf"icu"Þctkpi"
reached 8.7 PgC/yr; in 2009 and 2010, they amounted 

to 8.6 PgC yr–1 and 9.1 PgC yr–1, respectively (Boden et 

al., 2011). The fossil fuel emission inventory is derived 

from independent global total and spatially-resolved 

inventories, whereas the annual global total CO2 emis-

sions in fossil fuel were taken from the Carbon Dioxide 

Information and Analysis Center (CDIAC) (Boden et 

al., 2011), which covers the year 2008. In order to ex-

vtcrqncvg"vjgug"Þwzgu"vq"422;"cpf"4232."vjg"rgtegpvcig"
kpetgcug"qt"fgetgcug"hqt"gcej"hwgn"v{rg"*uqnkf."nkswkf."
and gas) and country, we used the 2011 BP Statis-

tical Review of World Energy for 2009 and 2010. 

The fossil fuel CO2"Þwzgu"ctg"urcvkcnn{"fkuvtkdwvgf"
kp"vyq"uvgru<"Ýtuv."vjg"eqctug/uecng"Þwz"fkuvtkdwvkqp"
country totals from Boden et al. (2011) are mapped 

on 1º × 1º resolution grids; next, the country totals 

are distributed within each country according to the 

spatial patterns provided by the Emission Database 

for Global Atmospheric Research (EDGAR) v4.0 in-

ventories, which are annual estimates also at a 1º × 1º 

resolution (EC, 2009).
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2.6 TM5 nested transport

The link between measurements of CO2 concentration 

in the atmosphere and the exchange of CO2"cv"GctvjÓu"
surface is the transport in the atmosphere. Storm sys-

tems, cloud complexes, and various weather conditions 

cause winds that transport CO2 around the world. As 

c" tguwnv." nqecn" gxgpvu" nkmg"Ýtgu." hqtguv" itqyvj." cpf"
ocean upwelling can have impacts at remote locations. 

To simulate winds and weather, CT uses numerical 

models driven by the daily weather forecasts from 

specialized meteorological centers of the world. Since 

CO2 does not decay or react in the lower atmosphere, 

vjg"kpÞwgpeg"qh"gokuukqpu"cpf"wrvcmg"kp"nqecvkqpu"uwej"
as North America and Europe are ultimately seen in 

our measurements even at the South Pole. To represent 

atmospheric transport, the Transport Model 5 (TM5) 

is used. This is a community-supported model whose 

fgxgnqrogpv"ku"ujctgf"coqpi"ocp{"uekgpvkÝe"itqwru"
with different areas of expertise. TM5 is used for many 

applications other than CT, including forecasting air 

swcnkv{."uvwf{kpi"vjg"fkurgtukqp"qh"cgtquqnu"kp"vjg"vtqr-

ics, tracking biomass burning plumes, and predicting 

pollution levels that future generations might face. 

TM5 is based on its predecessor TM3 model, with im-

provements in the advection scheme, vertical diffusion 

parameterization, and meteorological preprocessing 

qh"vjg"ykpf"Ýgnfu"*Mtqn"et al., 2005). The model is 

developed and maintained jointly by the Institute for 

Marine and Atmospheric Research Utrecht (IMAU, 

Netherlands), the Joint Research Centre (JRC, Italy), 

the Royal Netherlands Meteorological Institute 

(KNMI, The Netherlands), and NOAA/ESRL (USA). 

In the CT system, TM5 separately simulates advection, 

convection (deep and shallow), and vertical diffusion 

in the planetary boundary layer and free troposphere. 

The winds that drive TM5 come from the European 

Center for Medium range Weather Forecast (ECMWF) 

operational forecast model. This “parent” model cur-

rently runs with ~25 km horizontal resolution and 60 

layers in the vertical prior to 2006 (and 91 layers in 

the vertical from 2006 onwards). The carbon dioxide 

levels predicted by CT do not feed back into the wind 

predictions.

For use in TM5, the ECMWF meteorological data 

are preprocessed into coarser grids. In CT, TM5 is run 

at a global 3º × 2º resolution with a nested regional grid 

over Latin America at 1º × 1º resolution. TM5 runs at 

an external time step of three hours, but due to the sym-

ogvtkecn"qrgtcvqt"urnkvvkpi"cpf"vjg"tgÝpgf"tguqnwvkqp"kp"

pguvgf"itkfu."rtqeguugu"cv"vjg"Ýpguv"uecng"ctg"tgrgcvgf"
every 10 min. The vertical resolution of TM5 in CT is 

34 hybrid sigma-pressure levels (from 2006 onwards; 

25 levels for 2000-2005), unevenly spaced with more 

levels near the surface (NOAA/ESRL, 2013).

2.7 Ensemble data assimilation

Data assimilation has been used to estimate the state 

of a dynamic system by merging sparse data into a 

numerical model of the system (Kao et al., 2004). 

An example of data assimilation is a weather model 

that is updated every few hours with measurements 

of temperature and other variables to improve the 

accuracy of its forecast for the following days. Data 

assimilation is usually a cyclical process, as estimates 

igv"tgÝpgf"qxgt"vkog"cpf"oqtg"qdugtxcvkqpu"cdqwv"vjg"
actual conditions become available. Mathematically, 

data assimilation can be done with any number of 

vgejpkswgu0"Hqt"nctig"u{uvgou."uq/ecnngf"xctkcvkqp"cpf"
gpugodng" vgejpkswgu"jcxg"ickpgf"oquv" rqrwnctkv{0"
Because of the size and complexity of the systems 

studied in most fields, data assimilation projects 

inevitably include supercomputers that model the 

known physics of a system. Success in guiding these 

models in time often strongly depends on the number 

of observations available to update information on 

the true system state. In CT, the model that describes 

the system contains relatively simple descriptions of 

biospheric and oceanic CO2 exchange, as well as fossil 

hwgn"cpf"Ýtg"gokuukqpu0"Vjg"hqwt"uwthceg"Þwz"oqfwngu"
drive instantaneous CO2 Þwzgu"kp"EV"ceeqtfkpi"vq<

F(x, y, t) = そ Fbio(x, y, t) + そ Foce(x, y, t) +

Fff(x, y, t) + FÝtg(x, y, t) (1)

yjgtg" そ" tgrtgugpvu" c" ugv" qh" nkpgct" uecnkpi" hcevqtu"
crrnkgf"vq"vjg"Þwzgu"vq"dg"guvkocvgf"kp"vjg"cuukok-
ncvkqp0"Vjgug"uecnkpi"hcevqtu"ctg"vjg"Ýpcn"rtqfwev"qh"
the assimilation and together with the modules deter-

okpg"vjg"Þwzgu"kp"EV0"Kv"ku"korqtvcpv"vjcv"pq"uecnkpi"
hcevqtu"ctg"crrnkgf" vq" vjg"hquukn" hwgn"cpf"Ýtg"oqf-

ules (NOAA/ESRL, 2013). Also, Fbio, Foce, Fff and 

FÝtg"tgrtgugpv"vjg"Þwz"kp"dkqurjgtg."qegcp."hquukn"hwgn"
cpf"Ýtg."tgurgevkxgn{0

2.8 Description of the CT operation

The CT system calculates carbon dioxide uptake and 

tgngcug"cv"vjg"GctvjÓu"uwthceg"qxgt"vkog0"Kv"guvkocvgu"
the carbon dioxide exchange from an “atmospheric 
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point of view”. Since CO2 mole fractions in the at-

oqurjgtg"tgÞgev"vjg"uwo"qh"cnn"EQ2 exchange at the 

surface, they form the ultimate record of the com-

dkpgf"jwocp"cpf"pcvwtcn" kpÞwgpeg"qp"itggpjqwug"
gases levels. CT produces model predictions of at-

mospheric CO2 mole fractions, to be compared with 

the observed atmospheric CO2 mole fractions. The 

difference between them is attributed to differences 

in the sources and sinks used to make the prediction 

*c"ÐÝtuv/iwguuÑ+"cpf"vjg"uqwtegu"cpf"ukpmu"chhgevkpi"
the actual atmospheric CO2 concentration. Using 

pwogtkecn"vgejpkswgu."vjgug"fkhhgtgpegu"ctg"wugf"vq"
solve for a set of sources and sinks that most closely 

matches the observed CO2 in the atmosphere. CT has 

a representation of atmospheric transport based on 

weather forecasts, and modules representing air-sea 

exchange of CO2, photosynthesis and respiration by 

the terrestrial biosphere, and release of CO2 to the 

cvoqurjgtg"d{"Ýtgu"cpf"eqodwuvkqp"qh"hquukn"hwgnu"
(NOAA/ESRL, 2013).

A long-term global monitoring strategy is nec-

essary to improve our knowledge of carbon cycling 

processes. One critical element in such strategy is 

provided by the so-called “top-down atmospheric 

inversion” method, which is based on atmospheric 

concentration measurements from a global network 

of observation stations. The CO2 concentration in air 

samples represents information from the net effect 

of sources and sinks. The sources and sinks of CO2 

can be calculated from measured CO2 concentration 

and known transport processes. 

∂
(ρCO2) = – ∙ (ρCO2V ) + PBL + 

∂t

Δ

Measured CO2 concentration 

& Known Transport

Inverse method

Solve for 

sources & 

sinks

→

Convection + Sc

 (2)

First, prior knowledge of the spatial-temporal dis-

vtkdwvkqp"qh"vjg"Þwzgu"vq"guvkocvg"ku"pgeguuct{0"Hnwzgu"
are base components provided from fossil fuel use, for-

guv"Ýtgu."xgigvcvkqp"cpf"vjg"qegcpu0"Vjgug"ctg"kpugtvgf"
into an atmospheric model that simulates the mixing 

of air over the entire globe. Simulated concentrations 

are compared with the observed atmospheric CO2 mole 

fractions at the location and time when measurements 

are available. Finally, inverse modeling in CT is used 

to optimize the sources and sinks of CO2 to reduce the 

differences between the simulated CO2 values and the 

measurements (NIMR, 2009).

3. Results from CT

From 2000 to 2009, terrestrial ecosystems in Latin 

America and the Caribbean had an average sink 

of 0.03 PgC/yr (Table II). This natural sink off-

sets about 7% of the 0.41 PgC/yr emissions that 

result from burning of fossil fuels. Whereas fossil 

emissions were generally steady over this period, 

ranging between 0.37 and 0.45 PgC/yr (Fig. 2), the 

amount of CO2 taken up in Latin America and the 

Ectkddgcp"xctkgf"ukipkÝecpvn{"htqo"{gct"vq"{gct0"Kp"
terrestrial biosphere models, interannual variabil-

ity in land uptake can be related to anomalies in 

large-scale temperature and precipitation patterns 

Vcdng"KK0"Cppwcn"cpf"nqpi/vgto"ogcp"*4222/422;+"Þwzgu"
(PgC/yr).

Year Biosphere Fossil

fuel

Fires Ocean Net

2000
–0.0121 0.371 0.181 –0.175 0.378 
–0.0162 0.105 0.019 –0.002 0.121 

2001
–0.128 0.386 0.167 –0.112 0.441 
–0.024 0.110 0.005 –0.002 0.113 

2002
–0.024 0.385 0.252 0.083 0.719 
–0.003 0.108 0.009 –0.002 0.115 

2003
0.199 0.391 0.293 0.097 0.782 

–0.040 0.112 0.020 –0.001 0.131 

2004
–0.123 0.400 0.358 –0.088 0.670 
–0.077 0.113 0.004 –0.004 0.113 

2005
0.146 0.413 0.495 0.073 0.981 

–0.005 0.120 0.019 –0.001 0.138 

2006
–0.203 0.424 0.270 –0.198 0.496 
0.003 0.123 0.016 –0.004 0.134 

2007
0.000 0.442 0.606 –0.056 0.991 

–0.028 0.127 0.010 –0.004 0.133 

2008
–0.157 0.448 0.220 –0.135 0.533 
–0.024 0.126 0.010 –0.004 0.131 

2009
0.004 0.436 0.122 –0.097 0.462 
0.010 0.123 0.014 –0.003 0.133 

Mean
–0.030 0.410 0.296 –0.061 0.645
–0.020 0.117 0.013 –0.003 0.126

1 Latin America.2 Mexico.
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(NOAA/ESRL, 2013). The year with the smallest 

annual uptake by terrestrial ecosystems was 2003 

with 0.199 PgC /yr, which resulted from the El 

Niño events of 2002/2003. In 2006, the year with 

the largest land sink, terrestrial uptake was 0.203 

PgC/yr, about seven times higher than the mean 

value. Fossil fuel emissions from Latin America and 

the Caribbean were also slightly reduced in 2009 

compared to earlier years as a result of the economic 

downturn. Thus, 2009 showed the lowest net input 

of CO2 into the atmosphere from Latin America 

and the Caribbean since 2002. The 2009 net annual 

emission was 0.46 PgC/yr, about 29% smaller than 

the mean (0.65 PgC /{t+0"Vtgpfu"kp"ectdqp"Þwzgu"kp"
Mexico were similar to those in Latin America and 

the Caribbean (Table II, Fig. 2).

Vjg"coqwpv"qh"pgv"ectdqp"Þwz"ycu"cdqwv"qpg/Ýhvj"
of 0.645 PgC/yr for Latin America and the Caribbean. 

Emissions from burning of fossil fuels in Mexico are 

oquvn{"tgurqpukdng"hqt"vjg"pgv"ectdqp"Þwz"*Hki0"4+0 
Vjg"ogcp"pgv"ectdqp"Þwz"kp"Ncvkp"Cogtkec"cpf"vjg"
Caribbean, and Mexico, was responsible for about 

48 and 9% of the 1.34 PgC/yr (NOAA/ESRL, 2013) 

vqvcn" pgv" Þwz" kp"Pqtvj"Cogtkec" *Wpkvgf" Uvcvgu."
Canada, Mexico).

Figure 3 shows the spatial pattern in net ecosystem 

exchange (NEE) of CO2 in the free troposphere of 

the terrestrial biosphere, averaged over 2000-2009, 

as modeled by CT. This NEE represents land-to-at-

mosphere carbon exchange from photosynthesis and 

respiration in terrestrial ecosystems, and the contri-

dwvkqp"htqo"Ýtg0"Kv"fqgu"pqv"kpenwfg"hquukn"hwgn"goku-

sions. The units are GgC/yr, and the values are given 

d{"vjg"eqnqt"uecng"fgrkevgf"vq"vjg"tkijv"qh"vjg"Ýiwtg0"
Pgicvkxg"Þwzgu"*dnwg"eqnqtu+"tgrtgugpv"EQ2 uptake 

d{"vjg"vgttguvtkcn"dkqurjgtg."yjgtgcu"rqukvkxg"Þwzgu"
(red colors) indicate regions where the terrestrial 

biosphere is a net source of CO2 to the atmosphere. 

The free troposphere corresponds to about 1.2 to 5.5 

km above the ground (about 850-500 hPa in pressure 

terms). Gradients in CO2 concentration in this layer 

are due to exchange between the atmosphere and 

vjg"GctvjÓu"uwthceg."kpenwfkpi"hquukn"hwgn"gokuukqpu."
air-sea exchange, photosynthesis, respiration, and 

hqtguv"Ýtg"gokuukqpu"htqo"vjg"vgttguvtkcn"dkqurjgtg0"
Vjgug" itcfkgpvu" ctg" uwdugswgpvn{" vtcpurqtvgf" d{"
weather systems, even as they are gradually erased 

by atmospheric mixing (NOAA/ESRL, 2013). The 

EV"crrtqcej"ecp"eqpÝto"vjcv"ukpmu"kp"Ncvkp"Cogtkec"
and the Caribbean are mainly located in the forest 

regions of Campina Grande and Natal bordering the 

Atlantic Ocean, and agricultural/grass/shrub regions 

around Anapu-Altamira, in Brazil; forest regions 

along the Gulf of Mexico; and forest regions in the 

Cpfgu"oqwpvckp"tcpig"cnqpi"vjg"RcekÝe"Qegcp."kp"
Peru. Terrestrial ecosystems which act as net sources 

of CO2 released to the atmosphere are mainly locat-

ed in the deforested areas along the Amazon river, 

tgikqpu"cnqpi"vjg"Gswcvqt."dqtfgt"tgikqpu"dgvyggp"
Guatemala and Mexico, and regions undergoing land 

use change in the Mamore River watershed, north of 

the Andes mountain range in lowland Bolivia (Fig. 3).

Hkiwtg"6"ujqyu"vjg"urcvkcn"rcvvgtp"qh"ncpf"Þwzgu"kp"
vjg"vqvcn"pgv"uwthceg/cvoqurjgtg"Þwz"Îkpenwfkpi"hquukn"
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Fig. 2. Annual total emissions from (a) Latin America and the Caribbean and (b) Mexico.
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fuel emissions– in Latin America and the Caribbean. 

Seven major emission regions in Latin America and 

the Caribbean are highlighted: regions around Mex-

ico City and the Mexico-Guatemala border, northern 

urban regions in Venezuela, deforested areas along 

the Amazon River, northwestern regions in Bolivia, 

coastal regions of Sao Paulo and Paraná along the 

Atlantic Ocean in Brazil, regions around Santiago de 

Chile, and regions around Buenos Aires in Argenti-

na. Particularly, emissions are dominated mainly by 

fossil fuel emissions in the regions around Mexico 

City, northern urban regions in Venezuela, deforest-

ed regions along the Amazon River, and the coastal 

regions of Sao Paulo and Paraná in Brazil (Fig. 4).

Figure 5 shows the nine zonal summed carbon 

Þwzgu"kp"Ncvkp"Cogtkec"cpf"vjg"Ectkddgcp"cxgtcigf"
over the period 2000-2009: (1) the Gulf of California; 

(2) central Mexico; (3) southern regions in Mexico; (4) 

vjg"Ectkddgcp"cetquu"Pkectciwc="*7+"vjg"RcekÝe"Qegcp"
along South America; (6) the Caribbean, eastern Co-

nqodkc."egpvtcn"Rgtw."cpf"c"vtcpugevkqp"qxgt"vjg"RcekÝe"
Ocean; (7) Suriname, central Brazil, Paraguay, Uruguay 

and a transection over the Atlantic Ocean; (8) western 

Brazil and a transection over Sao Paulo; (9) the Atlan-

tic Ocean along South America. As shown in Figure 5, 

there are two distinct sinks: the sink in zones 5, 6, 

and 9, which is dominated by the ocean, and the sink 

in zones 1, 2, 3, 7 and 8, which is dominated by the 
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biosphere. It is remarkable that the biosphere in zones 

4 and 6 plays a role as the source of atmospheric CO2. 

CO2 gokuukqpu" htqo" hqtguv"Ýtgu"qeewt" kp" cnn" ¦qpgu"
except 5 and 9. We know that the major source of at-

mospheric CO2 in Latin America and the Caribbean is 

hqtguv"Ýtgu."gurgekcnn{"kp"¦qpgu"4."9."cpf":0"Vjg"uqwteg"
of atmospheric CO2 from fossil fuels can be seen in 

zones 2, 3 and 8 particularly in zone 3 and 8. 

As shown in Table III, we know that total carbon 

sink from the biosphere in Mexico increased greatly 

from –995 PgC/yr in 2007 to –1810 PgC/yr in 2008, 

but decreased to 1306 PgC/yr in 2009. As for carbon 

htqo"Ýtg" uqwtegu." kv" kpetgcugf" htqo" 525" RiE1{t 
in 2007 to 545 PgC/yr in 2008, but decreased to 

335 PgC/yr in 2009. We can generally assume that 

ectdqp"ukpmu"htqo"dkqurjgtg"cpf"ectdqp"htqo"Ýtgu"
sources in Mexico have been scarcely affected by 

policies of deforestation slowing and biodiversity 

conservation since 2007, even though estimated car-

dqp"Þwz"ycu"nkokvgf"vq"vjg"ikxgp"¦qpcn"*32607³"Y+. 
located in the center of Mexico. We know that total 

carbon from fossil fuel sources in central Brazil 

(55.5º W) transported over the Atlantic Ocean de-

creased from 2135 PgC/yr in 2008 to 2048 PgC/yr in 

2009, and carbon from the same sources transported 

over Sao Paulo (46.5º W) from western Brazil de-

creased from 14 858 PgC/yr in 2008 to 14 067 PgC/yr 

kp"422;0"Yg"ecp"eqpÝto"vjcv"ectdqp"htqo"hquukn"hwgn"
sources in Brazil has been affected by policies of 

ethanol use by light vehicles since 2008.
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Vcdng"KKK0"Cppwcn"vtgpf"qh"ectdqp"Þwz"kp"Ogzkeq"*¦qpg"4+"cpf"Dtc¦kn"*¦qpgu"9.":+"kp"RiE1{t0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Mexico

(104.5º W)

9171 855 –616 –2 130 –4 365 –1 430 –1 760 –995 –1 810 1 306 
1 0932 819 292 500 183 3 671 411 303 545 335 

7953 835 817 849 858 913 933 966 955 936 

Brazil

(55.5º W)

–4160 –11 469 –694 6 648 –2 499 2 420 –13 789 7 665 3 648 817 
5 227 7 894 13 399 15 462 31 821 15 775 9 700 25 970 6 748 5 123 
1 783 1 861 1 797 1 811 1 922 1 986 2 076 2 097 2 135 2 048 

Brazil

(46.5º W)

755 –11 058 –458 –5 499 –10 201 2 885 –5 445 –8 127 –4 963 –6 362 
5 604 5 396 6 696 3 709 5 140 6 824 3 223 17 839 3 551 2 761 

12 617 13 222 12 893 12 510 13 183 13 652 13 858 14 193 14 858 14 067 

1Biosphere. 2Fires. 3Fossil fuel.

Hki0" 70"¥qpcn" uwoogf"ectdqp"Þwzgu" *4222/422;+" kp"IiE1{t" kp"Ncvkp"Cogtkec" cpf" vjg"
Caribbean.

–
4

0

(22.5N–30.5N, 112.5W)

(17.5N–29.5N, 104.5W)

(14.5N–26.5N, 96.5W)

(7.5N–17.5N, 84.5W)

(56.5N–0.5N, 81.5W)

Biosphere

Fossil fuel

Fires

Ocean

(56.5S–17.5N, 74.5W)

(56.5S–17.5N, 55.5W) (56.5S–17.5N, 34.5W)

(56.5S–17.5N, 46.5W)

0
4

0

0
2

0
0

4
0
0

–
2

0
0 0

2
0

0

–
2

0
0 0

2
0
0

0

2
0

0
0

0

2
0

0
0

0

8
0
0 0

2
0
0
0 0

2
0
0
0



72 Y.-W. Jang et al.

4. Review of carbon reduction policies in Latin 

America and the Caribbean

Vjg"crrtqcej"wugf"kp"vjku"uvwf{"eqpÝtogf"vjcv"oc-

lqt"ectdqp"gokuukqp"Þwzgu"kp"Ncvkp"Cogtkec"cpf"vjg"
Caribbean are derived from the terrestrial biosphere 

in South America, and fossil fuel use in megacities, 

especially in Mexico and Brazil. Other sources of 

ectdqp"gokuukqpu"ctg"ncpf"engctcpeg"cpf"hqtguv"Ýtgu"kp"
Dtc¦kn0"Dgukfgu"swcpvkh{kpi"ectdqp"Þwzgu."vjg"ectdqp"
tracker methodology can suggest policy options for 

reducing carbon emissions and mitigation measures. 

Many previous studies by expert policy makers have 

suggested that the following policy options show the 

greatest potential: (1) reducing fossil fuel use and in-

creasing the use of renewable energy, and (2) reducing 

deforestation by fostering biodiversity conservation 

cpf"rtgxgpvkpi"hqtguv"Ýtgu0

1. Reducing fossil fuel use and increasing the use 

of renewable energy sources. Major countries in 

Latin America and the Caribbean have introduced 

different variations of regulatory policies and eco-

nomic incentives to encourage renewable energy 

development, climate change mitigation and clean 

technology investment. These tools will increase the 

supply ratio of renewable energy and improve the 

gpgti{" ghÝekgpe{"qh" vjg" tgikqpÓu" fqoguvke" gpgti{"
matrix. In 2002, the Brazilian government reduced 

the industrial production tax for manufacturers of 

ethanol-powered cars and subsidies were introduced 

for the purchase of new ethanol-powered vehicles. 

The government also introduced credits for the sugar 

industry to cover storage costs in order to guarantee 

gvjcpqn"uwrrnkgu0"Cu"c"eqpugswgpeg."d{" vjg"gpf"qh"
2008, ethanol in Brazil accounted for more than 52% 

of fuel consumption by light vehicles and almost 

;2'"qh"Dtc¦knÓu"pgy"ectu"dngpfgf"hwgn"ykvj"ctqwpf"
25% ethanol in 2009 (Arcadia Market Commentary, 

2009). In 2011, Brazil was the second biggest pro-

ducer of bioethanol and Argentina the third. Costa 

Rica is the world leader in renewable energy with 

massive investment in windmill technologies. Of 

the total primary energy supply, 99.2% comes from 

renewable sources (NRDC, 2007). In addition efforts 

in Central America are underway to add 130 MW 

of geothermal energy supplies. Mexico, Chile, Peru 

and other countries are moving swiftly to facilitate 

solar development (BNEF, 2012). Uruguay has 

transformed its national energy policy with a focus 

on renewable energy. In 2008, this country launched 

a 25-year plan aiming to diversify its energy mix and 

reduce reliance on fossil fuels. Wind energy is expect-

ed to provide 15% of electricity in Uruguay by 2015 

(UPI, 2013). To encourage investment and promote 

governmental policy changes, Mexico introduced a 

“wheeling tariffs” system in 2010 aimed at lowering 

the transmission wheeling fees, and Brazil developed 

a “bidding system with auction” for the wind, hydro 

and biomass sectors. Central American countries de-

xgnqrgf"c"swqvc"qdnkicvkqp"kp"4229"vq"uwduvkvwvg"37'"
of the consumption of fossil fuels in the transportation 

sector with biofuels. Chile also established a renewable 

energy law in 2008 and instituted a renewable portfolio 

standard to encourage investment and subsidies. Final-

n{."Rgtw"wugf"Ýuecn"ogcuwtgu"cpf"kpvtqfwegf"c"dkffkpi"
system for all sectors (Olivas, 2010).

The development of low-carbon transportation 

infrastructure and related sustainable urban trans-

rqtvcvkqp"rqnkekgu"cnuq"rtgugpvu"ejcnngpigu."tgswktkpi"
many policy initiatives for each individual country. 

For example, Argentina introduced a 2008 railway 

reorganization act as a starting point and improved 

vtchÝe"ukipu"vq"tgfweg"vtcxgn"vkogu0"Vjg"gzrcpukqp"qh"
the subway system was also designed with low-car-

bon goals in mind. During the years 2011-2012, the 

Chilean government planned a new framework for 

tougher emissions regulations for all motor vehicles. 

The Mexican government adopted the international 

vehicle emissions standard in 2008. Nicaragua insti-

tuted a Vehicle Emission Inspection Act, restricting 

importation of vehicles more than 10 years old and 

tgrncekpi"vjg"Þggv"qh"wtdcp"dwugu"dgikppkpi"kp"422;"
(ECLAC, 2010). The examples listed here, related to 

the development of sustainable transportation infra-

structures, are only some of the recent policy efforts 

in Latin America and the Caribbean. Other efforts 

have also started to promote “less polluting and more 

gpgti{"ghÝekgpe{Ñ"uqnwvkqpu"cu"c"pgy"ejcnngpig0

2. Reducing deforestation and biodiversity conserva-

tion policies. Since the beginning of the 21st century, 

climate change policies in Latin America aimed at 

reducing deforestation and increasing biodiversity 

conservation have been put in place in a number of 

countries such as Brazil, Paraguay, and Costa Rica. 

However, deforestation and land use change have 

continued with the desire to increase the production 

of soybean, sugar, coffee, and cattle pasture for beef 
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rtqfwevu0"Hqtguv"Ýtgu"cpf"ncpf"engctcpeg"cuuqekcvgf"
with these changes have continued, but at slower rates 

(De la Torre et al., 2010). For example, during the 

past 20 years, Brazil has emerged as an agricultural 

superpower in the world and currently is the largest 

exporter of many agricultural products. Brazil is 

now the 2nd largest global producer of soybeans. 

But economic incentives driving deforestation still 

challenge forestry conservation efforts in South 

America. While this trend and controversy continues, 

other forest conservation efforts and forest policies 

have changed in Latin America and the Caribbean. 

For instance, in 2012, the Brazilian congress passed 

the latest version of a forest conservation code, which 

has been assessed as an advance for this purpose and 

is giving Brazil a new set of rules for restricting land 

use change for agricultural and livestock production. 

Implementing this code will continue to be a chal-

lenge; however, this kind of policy changes aimed at 

domestic forest preservation, especially for the Bra-

¦knkcp"Coc¦qp"tgikqp."yknn"dg"tgswktgf"cu"korqtvcpv"
priorities for climate change mitigation.

In Mexico, forest protection agencies have iden-

vkÝgf"c"pwodgt"qh"rtqitcou"tgncvgf"vq"vjg"hqtguvt{"
sector. Among many forest protection programs, 

the Proárbol program (a tree-protection campaign 

in Mexico) was a dominant policy in 2007 with the 

objective of consolidating different federal support 

mechanisms to enhance the forestry sector. This 

program started with 1.4 million hectares under 

conservation contracts and then expanded to two mil-

lion hectares in 2008. The policy issues competitive 

grants, paying landowners to conserve existing for-

guvu."cpf"tgswguvu"kortqxgogpvu"kp"hqtguv"rncppkpi."
forest protection, reforestation, developing commer-

cial activities in wood processing, soil conservation 

and other areas (World Bank, 2009).

Other mitigation policy challenges at the inter-

national level include the United Nations Reducing 

Emission from Deforestation and Forest Degradation 

in Developing Countries program (UN-REDD), 

which was designed as a useful option for forest 

protection under a new Kyoto protocol. Currently, 

Argentina, Bolivia, Colombia, Costa Rica, Mexico, 

Nicaragua, Panama, Paraguay and Peru cooperate 

ykvj"vjgug"rtqlgevu"cpf"dgpgÝv"htqo"vjgkt"rctvkekrc-
tion. According to De la Torre et al. (2010), Argenti-

na, Mexico and Nicaragua are establishing alternative 

forest management practices to create alternative 

livelihoods for forest-dependent communities. Bo-

livia and Mexico are promoting community forestry. 

Costa Rica, Mexico, Nicaragua and Panama provide 

incentives for reforestation and plantations to relieve 

pressure on natural forests. However, as Hall (2011) 

has stated, this policy must be considered a main chal-

lenge in the process of policy implementation, with 

swguvkqpu"qh"ghÝekgpe{"xgtuwu"gswkv{"kp"vjg"eqorg-

tition over REDD funding with many players acting 

cu"dgpgÝekctkgu0"Vq"gnkokpcvg"htgg"tkfgtu"cpf"uwrrqtv"
indigenous communities in forest areas, more efforts 

will be needed. For instance, indigenous people can 

play an important role in protecting biodiversity. 

Kpfkigpqwu"ncpfu"qeewr{"qpg/Ýhvj"qh"vjg"Dtc¦knkcp"
Coc¦qp" ÎÝxg" vkogu" vjg" ctgc" wpfgt" rtqvgevkqp" kp"
parks– and are currently the most important barrier 

to Amazon deforestation (Kronik and Verner, 2010).

In summary, continued policy innovations and 

enforcement of carbon reducing policies will be a 

ejcnngpig"kp"vjg"tgikqp0"Qpg"qh"vjg"oquv"fkhÝewnv"qd-

stacles is the government budget. In each individual 

country in this region there is still a limited budget 

for the implementation of policy options. In this re-

gard, the best way to promote the introduction of new 

mitigation measures is to develop incentive-based 

policies that have the potential to allow for more 

cost-effective policies (West and Wolverton, 2005). 

Institutional aspects, such as the related laws, and 

organizations for reducing carbon emissions and 

international cooperation mechanisms (CDM and 

REDD) are still being developed at the moment. It 

ku"fkhÝewnv"vq"cuuguu"vjg"rgthqtocpeg"qh"vjg"ogcuwtgu"
discussed here. Many other challenges remain, such 

as the lack of clean technology and most importantly, 

the need to rapidly develop the skills and technical 

abilities of the human capital needed to lead further 

efforts towards a low-carbon society.

5. Conclusions

Vjg"EV"u{uvgo"ecp"rnc{"c"oclqt"tqng"cu"c"uekgpvkÝe"
tool that can monitor, diagnose, and possibly predict 

the behavior of the carbon cycle at global or regional 

scales. CT North America, CT Europe, and CT Asia 

are operating, and Methane Tracker and CT Austral-

asia are being developed. The CT system in Latin 

America and the Caribbean will play a major role in 

analyzing the sink and source of CO2, gas exchange 

between atmosphere and oceans, and gas emissions 

htqo"yknfÝtgu"cpf"hquukn"hwgn"wug0
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Htqo"4222"vq"422;."vjg"ogcp"ectdqp"Þwzgu"hqt"
vjg"dkqurjgtg."hquukn"hwgn."Ýtgu"cpf"qegcpu"kp"Ncvkp"
America and the Caribbean were –0.03, 0.41, 0.296 

and –0.061 PgC/yr, and –0.02, 0.117, 0.013 and 

–0.003 PgC/yr in Mexico, respectively. The mean 

ectdqp" Þwzgu" hqt" vjg" dkqurjgtg." hquukn" hwgn." cpf"
oceans in Latin America and the Caribbean were 

43, 23 and 13%, and 29, 6 and 0.6% in Mexico, with 

tgictf"vq"vjg"Þwzgu"kp"Pqtvj"Cogtkec0"Kp"vjg"ecug"qh"
hqtguv"Ýtgu."vjg"ogcp"ectdqp"Þwz"kp"Ncvkp"Cogtkec"
cpf"vjg"Ectkddgcp"ycu"52"vkogu"jkijgt"vjcp"vjg"Þwz"
in North America. Mexico was responsible for about 

6:'"qh"vjg"ogcp"pgv"ectdqp"Þwz"kp"Ncvkp"Cogtkec"
and the Caribbean, and for about 9% of the total net 

Þwz"kp"Pqtvj"Cogtkec"*3056"RiE1{t+0"Yjgtgcu"hquukn"
emissions were generally steady over this period, the 

amount of CO2 taken up by the biosphere in Latin 

America and the Caribbean was related to anomalies 

in large-scale temperature and precipitation patterns 

ykvj"ukipkÝecpv"xctkcvkqp"htqo"{gct"vq"{gct0
Vjku"rtgnkokpct{"cpcn{uku"eqpÝtou"vjcv"ukpmu"kp"

the biosphere of Latin America and the Caribbean are 

mainly located in the forest/agricultural/grass/shrub 

regions bordering the Atlantic Ocean in Brazil, forest 

regions along the Gulf of Mexico, and the Andes 

mountain range. The terrestrial ecosystems which act 

as a net source of CO2 to the atmosphere are mainly 

located in the deforested regions along the Amazon 

Tkxgt."tgikqpu"cnqpi"vjg"Gswcvqt."vjg"dqtfgt"qh"Iwc-

temala, and Mexico and regions undergoing land 

use change in the Mamore River water shed north of 

the Andes mountain range, in lowland Bolivia. The 

year with the smallest annual uptake by terrestrial 

ecosystems was 2003 (0.199 PgC/yr), which resulted 

from the El Niño events of 2002-2003. The net sur-

hceg/cvoqurjgtg"Þwzgu"kpenwfkpi"hquukn"hwgn"kp"Ncvkp"
America and the Caribbean are dominated by regions 

around Mexico City, northern urban regions in Ven-

ezuela, deforested regions along the Amazon River, 

northwestern regions in Bolivia, coastal regions of 

Sao Paulo and Paraná along the Atlantic Ocean in 

Brazil, and areas around Santiago de Chile. The major 

source of CO2 released to the atmosphere in Latin 

Cogtkec"cpf"vjg"Ectkddgcp"ku"Ýtg."ykvj"tgoctmcdng"
emissions in South America across Brazil, Paraguay 

cpf"Wtwiwc{0"Hqtguv"Ýtgu" ctg" cp" korqtvcpv" uqwteg"
of CO2 in Latin America and the Caribbean. We can 

eqpÝto"vjcv"rqnkekgu"gpeqwtcikpi"vjg"wug"qh"gvjcpqn"
by light vehicles in Brazil have diminished carbon 

emissions from fossil fuel sources, and assume the 

effects of the Proárbol program on carbon sinks from 

vjg"dkqurjgtg"cpf"htqo"Ýtg"uqwtegu"kp"Ogzkeq0
Vjg"cpcn{uku"kp"vjku"fqewogpv"eqpÝtou"vjcv"vjg"

CT system in Latin America and the Caribbean can 

rnc{"c"oclqt"tqng"cu"c"uekgpvkÝe"vqqn"vq"wpfgtuvcpf"
the uptake and release of carbon from terrestrial and 

ocean ecosystems, as well as fossil fuel use, and as 

a long-term monitoring tool for atmospheric CO2 

concentrations.

Natural and anthropogenic emissions and uptake 

at regional scales is currently limited by a sparse 

observational network. Measurements alone are 

kpuwhÝekgpv"vq"tgcnk¦g"vjg"uqekcn"dgpgÝvu0"Vjg"pwo-

ber of monitoring stations around the world is very 

small in comparison with the heterogeneity of the 

terrestrial and oceanic carbon sources. With enough 

observations, it will be possible to keep track of 

regional emissions over long periods of time. Ulti-

mately, satellites will be involved in evaluating the 

efforts to reduce GHGs global emissions. Although 

not as precise and accurate as surface measurements, 

vjgug"fcvc"yknn"Ýnn"vjg"urcvkcn"icru"kp"uwthceg"pgv-
works. A combination of satellite and ground-based 

measurements in CT should be applied in order to 

tgfweg"wpegtvckpv{"kp"tgikqpcn"ectdqp"Þwz"guvkoc-

tions and improve the temporal and spatial resolu-

vkqp" qh" Þwzgu0"EV"qwvrwvu" cpf" ucvgnnkvg" tgvtkgxcnu"
have to be validated with Fourier transform infrared 

urgevtqogvt{"*HVKT+."kp"ukvw"ogcuwtgogpv"qh"Þcum"
air sampling by aircrafts, and tower measurements. 

Xcnkfcvkqp"yknn" cnnqy" swcpvkh{kpi" wpegtvckpvkgu"
of the CT system and satellites, and will provide 

feedback for the improvement of CT procedures 

and retrieval algorithms of satellite data. In order to 

obtain the minimum level of uncertainty, an effort 

vq"kortqxg"oqfgnkpi"ku"tgswktgf0
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