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ABSTRACT - Net Primary Production (NPP) represents the amount of carbon absorbed by a plant. The present study aimed
to know the behavior of the Net Primary Production (NPP) in years that have occurred El Nifio Southern Oscillation
(ENSO) and during the anomalies of the sea surface temperature (SST) in the Tropical Atlantic, that is Atlantic Dipole, to
assessing the quantity of carbon absorbed by the northeastern biomes (Amazon Rainforest, Atlantic Forest, Cerrado and
Caatinga) during these events. NPP was calculated using NDVI-AVHRR sensor data, and climate data from NCEP, both
covering the period from 1981 to 1999. The results showed that the Amazon Rainforest, Atlantic Forest, and the Cerrado
were not enough affected by the occurrence of ENSO and Atlantic Dipole. However, the Caatinga biome has shown to be
quite sensitive to these events and patterns, especially in years of occurrence of El Nifio, which contributed to a reduction
in NPP; while in years of La Nifia and negative dipole, the NPP achieved the highest values. The amount of precipitaton
in previous year to the ENOS episodes showed influence on the amount of carbon sequestration by biomes in the year of

study.

KEYwORDS: Net primary production; Precipitation; Atlantic dipole; Carbon market.

AVALIANDO O CARBONO SEQUESTRADO EM BIOMAS NORDESTINO BRASILEIRO EM EVENTOS ENOS

REesumo — A Produc¢io Primaria Liquida (PPL) representa a quantidade de carbono absorida por uma planta. O objetivo do
presente estudo foi conhecer o comportamento da PPL em anos que ocorreram El Nifio Oscilagdo Sul (ENOS) e durante
as anomalias de temperatura da supetficie do mar (TSM) no Atlantico Tropical, que é o Dipolo Atlantico, para avaliar
a quanttidade de carbono absorvida pelos biomas nordestino (Floresta Amazonica, Mata Atlantica, Cerrado e Caatinga)
durante esses eventos. A NPP foi calculada por meio de dados de NDVI do sensor AVHRR, e os dados climaticos do NCEP,
ambos abrangendo o periodo de 1981 a 1999. Os resultados mostraram que a Floresta Amazonica, a Mata Atlantica e o
Cerrado ndo foram afetados pela ocorréncia de ENOS e Dipolo do Atlantico. No entanto, o bioma Caatinga mostrou-se
bastante sensivel a esses eventos e padrdes, especialmente em anos de ocorréncia do El Nifio, o que contribuiu para a redugio
da PPL; enquanto em anos de La Nifia e dipolo negativo, a NPP alcancou os maiores valores. A quantidade de chuvas no

ano anterior a eventos de ENOS mostrou influéncia na quantidade de carbono sequestrado pelos biomas no ano de estudo.

PALAVRAS-CHAVE: Producio primaria liquida; Precipitagdo; Dipolo do atlantico; Mercado de carbono.

EVALUACION DEL CARBONO SECUESTRADO EN LOS BIOMAS DEL NORDESTE BRASILENO EN EVENTOS ENOS

RESUMEN - La Producciéon Primaria Liquida (PPL) representa la cantidad de carbono absorbido por una planta. El objetivo
de este estudio fue conocer el comportamiento de la PPL en afios que ocurrieron El Nifio Oscilacién del Sur (ENOS) y

durante anomalias de la temperatura de la superficie del mar (TSM) en el Atlantico Tropical, que es el Dipolo del Atlantico,

GAIA SCIENTIA (2019). VOLUME 13(4): 11-26



ISSN 1981-1268 Assessing carbon sequestration in brazilian northeastern NASCIMENTO ET AL. (2019)

para evaluar la cantidad de carbono absorbido por los biomas del nordeste (Selva Amazoénica, Bosque Atlantico, Cerrado y
Caatinga) durante estos eventos. Se calcul6 la NPP utilizando los datos de NDVI del sensor AVHRR y los datos climaticos del
NCEP, ambos abarcando el periodo de 1981 a 1999. Los resultados mostraron que la Selva Amazoénica, el Bosque Atlantico
y el Cerrado no se vieron afectados por la ocurrencia de ENOS y Dipolo del Atlantico. Sin embargo, el bioma de Caatinga
se vio muy sensible a estos eventos y patrones, especialmente en los afios de ocurrencia de El Nifio, lo que contribuy6 a la
reduccion de PPL; mientras que en La Nifia y dipolo negativo, la NPP alcanzo los valores mas altos. La cantidad de lluvias
en el afio anterior a los eventos de ENOS mostré influencia en la cantidad de carbono secuestrado por los biomas en el afio

de estudio.

PALABRAS CLAVE: Produccion primaria liquida; Precipitacion, Dipolo del atlantico; Mercado del carbono.

INTRODUCTION

Plants assimilate CO, in photosynthesis process, but also release CO, through the respiration process, and
the difference between the absorption and release of CO, is called Net Primary Production (NPP), which is the
amount of carbon stored by the plant (Wang et al. 2014). ’

NPP is a fundamental ecological variable because its significance in indicating the condition of the land
surface area and the status of a wide range of ecological process, as well as it measures the energy input to the
biosphere and terrestrial carbon dioxide assimilation. It is an important indicator of ecosystem performance and
a key component of the carbon cycle (Hao et al. 2017).

It is important to analyze the vegetation temporal dynamic in some regions and its relationships with the
climate to a better undestanding of carbon fluxes between ecosystem and atmosphere (Kobayashi and Dye 2005;
Gang et al. 2017).

There are many ways to estimate NPP measurements, can be done in field, remote sensing techniques and
models simulating the carbon mass fluxes can be used to scale up. But, remote sensing has been an invaluable tool
to improve the estimation of NPP at landscape and regional scales because its models are based on the principle
of Light Use Efficiency (LUE).

LUE is defined as the amount of carbon produced per unit of absorbed photosynthetically active radiation
(APAR), and the methods for estimating plant productivity from APAR and LUE was developed by Monteith (1972,
1977) differing between the various types of forest cover (Schwalm et al. 2006). The intercepted photosynthetically
active radiation (IPAR) by the canopy, it was taken equal to 50% of short-wave radiation (Ferreira 2000).

NPP models seek to describe the light absorption by the plant canopy through a relationship among the
Normalized Difference Vegetation Index (NDVI) and the fraction of photosynthetically active radiation (fPAR)
absorbed. The last one expresses the energy absorption capacity of canopy and acts as an indicator of plant
canopy state (McCallum et al. 2010).

Carbon stocks may respond differently to warming and drought, so that, precipitation and air temperature
has been some dominant climatic factors that control the interannual variability in NPP throughtout some biomes
(Liang et al. 2015; Nascimento et al. 2017).

Drought has caused a decrease in NPP (Peng et al. 2017), and changes in water availability have affected the
NPP variability because they affect the evapotranspiration (Li et al. 2016; ). Factors such as urbanization (Xu et
al. 2007), precipitation (Chen et al. 2013), different types of crops (Li et al. 2014) and ENSO events (Bastos et al.
2013) also have affected the NPP.

The northeast region of Brazil (NEB) is very vulnerable to ENSO events and the Atlantic dipole (Ferreira
and Melo 2005), contributing to the increase or decrease for rainfall in this region. Thus, the NPP provides a
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comprehensive assessment of the ecosystem condition, including health changes, habitat and wildlife (Crabtree et
al. 2009).

As the northeastern biomes are highly dynamics and variables due its different characteristics, since a biome
with high amount of rainfall such as Amazon Rainforest until the Caatinga biome, that is a biome in a semi-arid
region with low rainfall. Thus, it is important to assess the amount of carbon among the biomes to know if them
play an important role in the carbon sequestration in terms quantitative.

In this context, the biomes are primarily responsible for regulating the amount of carbon due to its huge
storage capacity and productivity (Wang et al. 2008).

This study aims to determine NPP by means of satellite remote sensing data for Northeastern biomes and
check their behavior in episodes of ENOS, which covers El Nifio and La Nifia, and their absence. It also observed
the influence of temperature anomalies of the Sea Surface Temperature (SST) of Tropical Atlantic on values of
NPP for the different biomes of the Northeast. It has been done an evaluating on the carbon availability to be

negociated in carbon market.

MATERIAL AND METHODS
Study Area

The study area of this work was the northeast region of Brazil (NEB) with its distinct biomes that are Amazon
Rainforest, Atlantic Forest, Cerrado and Caatinga, as can be seen in Figure 1. In whole NEB the Caatinga occupies
54 %, Cerrado 27 %, Atlantic Forest 11 % and Amazon Rainforest 8 % (Miranda 2013).

Figure 1. Northeastern biomes. Source: Adapted from Landau (2013).
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Data

In the present research was used monthly data of NDVI, for the period from January 1981 to December 1999
with spatial resolution of 5 km x 5 km, from the Center for Weather Forecasting and Climate Studies (CPTEC) of
the National Institute of Space Researches (INPE), which are available at Academic Unit of Atmospheric Sciences
(UACA) of the Federal University of Campina Grande (UFCG).

The rainy season of the various NEB sub-regions begins and ends in different months of the year and it is not
linked to the civil calendar (January to December), it was applied the concept of hydrological year, that is a twelve
months period beginning in one of the driest months before to start the rainy season. Thus, monthly precipitation
data to the hydrological year were obtained from September to August of the next year. Details to determinate
hydrological year can be obtained in Marcuzzo and Goularte (2013), and NDVI in Chino et al. (2010), and Silva
and Liporace (2010).

Climate data of rainfall, short-wave radiation and temperature were of reanalyze of the National Center of
Environment Prediction (NCEP) (Kalnay 1996).

E/ Nisio Southern Oscillation (ENSO)

Bastos et al. (2013) showed the dependence of the global NPP on the ENSO phenomenon. Therefore, it
is important to verify if the NPP of the NEB also presents some degree of dependence of these phenomena.
For this purpose, it was used monthly data of equatorial Pacific SST anomaly from the National Oceanic and
Atmospheric Administration’s (NOAA) Climate Prediction Center (CPC).

CPC/NOAA makes available on its homepage (http://www.cpc.ncep.noaa.gov) information about the values
of SST anomalies presented indicating El Nifio, Neutral or La Nifia occurrence (CPC/NOAA 2018), considering
El Nifio, anomalies of SST higher than 0.5 °C for five consecutive quarters, La Nifa for anomalies of SST lower
than -0.5 °C, also for five consecutive quarters. No occurrence of these conditions is characterized as neutral. From
the CPC/NOAA data, Figure 2 was constructed taking into account the hydrological year for the NEB.

Figure 2. ENSO occurrence (El Nifio, La Nifia and Neutral).
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Altlantic Dipole

Moura and Shukla (1981) defined the dipole of Tropical Atlantic SST anomaly (Atlantic dipole) as being the
difference of the SST anomalies of areas of the Northern and Southern Tropical Atlantic basins, that is, the value
of the anomaly of the northern area less the south area.

Similarly to the ENSO phenomenon, the Atlantic dipole is composed of three modes: positive, neutral and
negative. When the North Tropical Atlantic is warmer (positive dipole) inhibits rainfall in the NEB, and when the
South Tropical Atlantic is warmer (negative dipole), provides rains in NEB, mainly in the northern part of this
region (Cavalcanti 2012), so that was analyzed its influence on the values of NPP.

It is important to highlight that there are not currently any institutions monitoring the Tropical Atlantic SST
anomaly and classifying periods of positive, neutral or negative dipole occurrence. Thus, the occurrence of this
phenomenon was obtained by Ferreira and Mello (2005) and Menezes et al. (2008), and they are presented in
Figure 3.

Figure 3. Occurrence of Atlantic Dipole (the years not listed in the period from 1981 to 1999 were neutral years).
Source: Ferreira and Mello (2005) and Menezes et al. (2008).
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The monthly NPP is calculated from the Eq. (1).

NPP = e x fPARx IPAR )
The light use efficiency factor (e, MJ™"), which is the efficiency with which plants can absorb radiant energy to
produce biomass, and it is dependent on factors such as temperature, photochemical processes and water supply
(Hilker et al. 2010).

For this study, it was used the value of e equal to 0.62 MJ" for the Amazon Rainforest and Atlantic Forest
(Saldarriaga and Luxmoore 1991), for these two biomes have similar characteristics. For the Caatinga and the
Cerrado used ¢ equal to 0.97 MJ', the value used by Fensholt et al. (2006) to shrub and savanna, in Sahel, Africa.

For the calculation of /PAR used the linear relationship proposed by Baret and Olioso (1989). Thus, /PAR is
given by:

/PAR = -0.31 + 1.33 NDVI 2)
The PAR was made equal to zero for negative value of NDVI, which indicates bare soil.

RESULTS AND DISCUSSION

The interannual variability of rainfall for biomes is shown in Figure 4, and it is observed that the greatest
volume of annual average rainfall was recorded for the Amazon rainforest (1765 mm), the second largest volume
of rain made for Atlantic Forest (1429 mm), Cerrado ranks third (1179 mm) and finally, the Caatinga (1076 mm).
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Figure 4. Interannual variability of precipitation in different biomes in NEB.
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Itis important to be noted that these average annual precipitation totals of the areas of the Northeast occupied
by each biomes are consistent with the climatological normals of the National Institute of Meteorology INMET)
for the period from 1981 to 2010 (INMET, 2018).

It is observed from the Figure 4 that in 1982/83, 1986/87, 1991/92 and 1997/98 occurred a decrease in the
precipitation. Figure 2 shows that these years were of El Nifio occurrence. In Figure 2 it can also be observed that
in 1984/85, 1988/89, 1995/96 occurred rainfall higher than the climatological average, indicating that these years
were of occurrence of the ILa Nifia phenomenon.

It should be noted that the petiod 1998/99 was also from La Nifia, however, precipitation was higher than the
average only in the Amazon Rainforest area, in the other Biomes it was lower, but higher than the El Nifio years.
According to Cavalcanti (2012) the lowest values in precipitation occurred in years of El Nifio and the largest in
La Nina episodes.

Net Primary Production in Neutral Years

Figure 5 shows the NPP for the biomes in northeastern Brazil in neutral years. The annual average rainfall
for the Amazon rainforest was 1765 mm and the average NPP 1157 ¢C.m™2ytr". Figure 5a shows that the Amazon
rainforest kidnapped 900-1500 ¢gC.m™2ytr". In figute 5b the values are between 800 and 1300 gC.m?yr", 1100 to
1600 gC.m™.yr" in Figure 5¢c and 1100 to 1600 gC.m™yr" in Figure 5d.

These results are consistent with those of Costa et al. (2009), which obtained values from 1050 to 1360 gC.m"
2yr!, observed in micrometeorological sites, and values from 970 to 1340 gC.m™.yr', simulated by climatic data
and by products of remote sensing, for the period from 2001 to 20006. It is important to highlight that Costa et
al. (2009) performed their analyzes for isolated points in the states of Para, Amazonas and Acre, while the results
presented in the present study are for the Amazon Rainforest area of the NEB.

It was seen a variability in this biome among the years of absence of ENSO episodes, especially in the years
1985/86 and 1996/97, since there was an increase in the area of high values of sequestration, reaching the eastern
patt of the Caatinga. This increase occurred in 1985/86 because that year was a negative dipole and the previous

year of La Nifia episode, providing a greater volume of rainfall for the biomes.
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Although there was a reduction in the value of sequestration and comprehensiveness of area in 1996/97, it
was observed that the high values reached the eastern part of the Caatinga, even being a year of positive dipole,
but the previous year was La Nifa.

The NPP is a function of a number of factors and that the climatic parameters, especially the rainfall, is only
one, but it has a relatively relevant contribution to the interannual variability of the NPP of tropical forests (Potter
et al. 2009).

Figure 5. Net Primary Production in gC.m™.yr" for neutral years.
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In addition, the interannual variability of climatic parameters is dependent from one year to the other. By
the way, Santos et al. (2011) observed that the storage of water in the soil in the west of Para in years of La Nifia
continued to be high even in the driest period due to the prolongation of the rainy season due to the prolongation
of the rainy season, causing the soil moisture to be higher than a normal year. The opposite was also observed in
a normal year preceded by dry year.

Galvincio and Sousa (2007) obtained similar results for the Cariri Paraibano, that is a Caatinga area. In the
present research, it was observed that occurred ten hydrological years considered neutral from the point of view
of ENOS phenomenon, but two of them occurred subsequently to La Nifia events, 1985/86 and 1996/97, in
these two periods the annual NPP values were higher than mean plus the standard deviation of the neutral periods.
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The Caatinga showed a large spatial variability, especially in south and west. In 1981/82, the NPP reached
values ranging 200-900 gC.m™.yr", and the northern part of the Caatinga has sequestered the lowest values due this
year was a positive dipole and the previous year of El Nifio episode.

The values in the NPP for Caatinga in 1983/84 were not so different from those in year 1991/92, mainly the
northern part of Caatinga, it ranged from 300 to 800 gC.m™yr", Figure 5b. These low values were a result of a
strong El Nifio in the previous year.

The petriod 1985/86, presented by Figure 5c, was that one, which had substantial increase in NPP from the
northern part of the Caatinga, because it reached values between 700 and 1400 gC.m™.yr', and in this year the rain,
hit in 1535 mm, where the average for this biome was 1076 mm. This increase in rainfall and hence the NPP was
because this year was negative dipole and the last year of La Nifa, which provides more rain in the northern area
of the Caatinga (Cavalcanti 2012).

For the last neutral petiod, 1996/97, the Caatinga showed low values NPP in the northern part of the Caatinga,
although not as low as shown in Figure 3c. It happened because that year was positive dipole and the last year a
LLa Nifia, which contributed to the reduction were not so high in carbon sequestration. The values obtained are
close to those found by Morais et al. (2017) for the years of 2011 and 2012 in an area of Caatinga in Petrolina,
Pernambuco State.

The Cerrado located in the northern part of the NEB reached high values, mainly because of the action of
the negative dipole and La Nifia in the previous year, as can be seen in Figures 5c and 5d, reaching values over
1400 gC.m™yr". These values ate similar to those obtained by Potter et al. (2009) for the Brazilian Cerrado from
2001 to 2004.

The Atlantic Forest has sequestered 900-1200 gC.m™.yr! for the period 1981/82, 700-1200 gC.m™2.yr" for the
petiod 1983/84, 1000 to 1200 gC.m™yt" for the 1985/86 petiod and 1000-1300 gC.m™ .yt for the petiod 1996/97,
respectively.

It was observed that the lower values of NPP in the northern part of the NEB, which is the most vulnerable
region to ENSO and Atlantic Dipole events. This explains the amount of 700 gC.m™ .yt for the period 1983/84,
Figure 5b, to be lower than other periods because it was subsequent to a strong El Nifio and one positive Dipole,
influencing the rainfall in this period, which was well below average, only 722 mm.

It is important to note that NPP values are high, mainly in Amazon Rainforest and Atlantic Forest, even in
neutral years. Cerrado and Caatinga are similar in amount carbon sequestration, although Caatinga presents more
spatial variability.

Net Primary Production in El Nijio Episodes

The spatial distribution of NPP in El Niflo years is shown in Figure 6, and it is observed that in 1982/83 the
NPP the Amazon rainforest reached values ranging from 900 to 1300 gC.m™.yr". The NPP in the 1986/87 period
reached values between 1100 and 1600 gC.m™2.yr' and higher than that of the previous period. In 1991/92, the
amount of carbon sequestered by this biome was between 900 and 1300 gC.m™.yr', the same value obtained in
1982/83 period. In the petiod 1997/98 the amounts reached between 1200 and 1500 gC.m™.yr™.

It was seen a similarity in the spatial distribution of the Amazon rainforest between the years 1986/87 and
1997/98, calling attention to the high values of carbon sequestration in El Nifio years.

The year 1986 was negative dipole, contributing to greater volumes of rain, approximately 1500 mm, however
1997/98 needs better research to determine the factors that contributed to a higher volume of rainfall, about 1500
mm.

For the other biomes showed a decrease in precipitation and an increase in the Amazon rainforest, even in

1997 being a year of positive dipole.
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Many researchers have already described the influence of ENSO and the Atlantic dipole on the precipitation
in the Northeast and Amazon regions, such as Kayano and Andreoli (2007), Cavalcanti (2012) and Kayano and
Capistrano (2014), which showed that in years of El Nifio and/or positive Atlantic dipole there is a decrease of
precipitation in the Northeast and Amazon and in years of La Nifia and/or negative dipole there is an increase of

precipitation.

Figure 6. Net primary production in gC.m™2.yt" for El Nifio episodes
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In 1997/98 was El Nifio year and positive dipole, in the eastern patt of the northeast area of the Caatinga the
rainfall was below of the average, however, in the Amazon rainforest biome of Maranhdo State the rainfall was
above of average in the petiod 1997/98.

According to Grace (2005) and Yu and Chen (2016) an increase in precipitation up to 3000 mm/year may
lead to an increase in NPP. Of course, climatic parameters are not the only factors that produce variability in the
absorption of CO, by plants, but it is one of them.

The north central part of the Caatinga was greatly affected during the episodes of El Nifo, with a large
variability in its spatial configuration, where certain areas did not sequester carbon, Figure 6¢c, while others reached
values above 1000 gC.m™yt", Figures 6b and 6c.

GAIA SCIENTIA (2019). VOLUME 13(4): 11-26



ISSN 1981-1268 Assessing carbon sequestration in brazilian northeastern NASCIMENTO ET AL. (2019)

The low values in the NPP mid-north of the Caatinga, especially in 1991/92, has been intensified by the
positive Dipole of 1992. However, the highest amount reported in the mid-north part of the Caatinga in 1986/87
was due to the negative Dipole in 1986, which reduced the influence of El Nifo.

Silva et al. (2017) carried out an experiment in the municipality of Serra Talhada, Pernambuco State, in a
Caatinga area, obtained a CO, absorption of 282 gC.m?.yr" in the period from March 2014 to February 2015. This
value is close to those obtained in the present study for the Serra Talhada area (close to 8,0 °S and 38,3 °W) in the
years 1982/83, 1986/87 and 1991/92 (Figures 6a, 6b and 6c).

The Cerrado has showed high values of NPP in the northern patt of the NEB, above 1300 gC.m™.yr', and
sometimes sequestering the similarity of the Amazon rainforest (Figure 6¢ and 6d). However, the values obtained
in this study for the Cerrado in El Nifio years were similar to those of Potter et al. (2009) for the same biome and
climatic conditions.

The Atlantic Forest that is located in the northern part of the NEB was the most affected during El Nifio
episodes and positive dipole, as shown in Figure 6c. As it moves to the south, there is an increase in the amounts
of NPP, with the presence of a core of high value of NPP in southern NEB during all El Nifio episodes.

During El Nifio episodes, the Caatinga is the biome more affected with area no sequestering. These areas are

not carbon sequestration because they are areas that have been affected by anthropic actions and desertification
(MMA 2007).

Net Primary Production in La Nisia Episodes

The NPP for La Nifia years presented by Figure 7 shows that the Amazon rainforest has not sequestered larger
amounts of carbon than the normal and El Nifio episodes, even in years of negative dipole.

In the average of area of the Amazon Rainforest wich is inside of the NEB region, the NPP in I.a Nifia years
was higher than in the neutral and El Nifio years. However, when testing for means comparisons using Student’s t,
the differences of the means were not statistically significant. Therefore, it is not possible to state categorically that
the NPP of the Amazon Rainforest Biome of the NEB in the years of I.a Nifa is superior to those of other years.

It is noteworthy that Potter et al. (2009) analyzed the NPP of the Amazon Rainforest for the period from 2000
to 2004. They observed a higher value of NPP in La Nifia years, but did not do any statistical test, since they had
only one year of La Nifia, one of El Nifio and two neutrals. It is noteworthy still that Costa et al. (2009) making
a NPP analysis for the Amazon Rainforest also obtained results similar to those of Potter et al. (2009) and those
obtained in the present study.

The spatial distribution of NPP for the Cerrado was similar to that observed in El Nifio events, but with
higher value. This result is similar to that obtained by Potter et al. (2009).

The Caatinga deserves highlight because has sequestered high amounts of carbon, except the central and
northern part in La Nifia of 1998/99. This lower value in NPP occurred due a strong El Nifio in previous year.

In fact, it is not the El Nifo or La Nifia that leads to greater or lesser uptake of carbon by the Caatinga. In
general, in Fl Nifio years in the Caatinga region there is a drastic reduction of precipitation, while, in I.a Nifia years,
in general, occurs an increase of precipitation in all Caatinga area.

This climate variability affects the balance of humidity and energy in the atmosphere and in the soil, and
consequently in the vigor of the vegetation. In addition, it is not just the climatic variability that imposes variability

in carbon absorption; plant physiology is also one of the factors.
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Figure 7. Net Primary Production in gC.m™.yr" for La Nifia episode
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The amount of carbon absorbed by the Atlantic Forest in episodes of La Nifia was between 1000 and 1200
gC.m=2yr', 900 and 1100 gC.m™yr ' and 900-1400 gC.m™yr" as shown in Figure 7a to 7d, respectively. Their
values did not differ when compared with neutral and El Nifio episodes, there were only differences of the El
Nifio of 1991/92 values.

When performing a statistical analysis of comparison of means, it is observed that the average carbon
absorption by Atlantic Forest during the periods of events: La Nifia, El Nifio and neutral are not statistically
different, since the Student’s t test for differences of means values did not present statistical significance.

Costa et al. (2009) obtained NPP of 1366 gC.m™2yr" in Teixeira de Freitas, Bahia State, in an Atlantic Forest
area, in the year 20006, that is, a value similar to that obtained in this research for the area of Teixeira de Freitas
(Figures 5 to 7).

It is important to note that Cao at al. (2001) showed values 900-1200 gC.m 2yt in NPP for Tropical Forest
and it was observed that the Amazon rainforest northeastern reached much higher values.
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The Caatinga is an exclusively Brazialian biome. It is known that the Northeastern Caatinga presents much
higher trees than shrubs, however it also presents shrub areas, and Grace (2005) showed an average NPP of 500
gC.m2yr! for shrub areas.

But the northeastern Caatinga presented a large spatial variability, and showed higher values than Grace (2005),
since NPP obtained for Caatinga presented values between 800 and 1000 gC.m™ .y, in the year 1984/85 (Figure
5a), and between 200 and 500 gC.m™2.yr', in the year 1991/92 (Figure 4c).

The average for the whole petiod from 1981 to 1999 was 720 gC.m™2.yr. It is emphasized that Morais et al.
(2017) obtained NPP values between 500 and 700 gC.m™.yr" for 2011 year and between 100 and 400 gC.m™.yr™,
in 2012, for the Caatinga area in the municipality of Petrolina, Pernambuco State.

Pachavo and Murwira (2014) found values of the NPP who have achieved 550 gC.m™yt" for the Savanna;
however, the Cerrado reached the highest.

Hashimoto et al. (2004) reported a decrease in NPP during episodes of El Nifio, however, some northeastern
biomes showed no reduction meant during these events, such as the Amazon rainforest, which reached similar
values to LLa Nifa events; the Cerrado and Atlantic Forest, basically have sequestered the same values in the three
episodes under study.

It has been observed that the north central part of the Caatinga has reached the lowest values in NPP,
especially in El Nifio years. On the other hand, it also has noted, that during I.a Nifia events, the Caatinga, which
is located in the northern part of the Brazilian Northeast, showed high values in the NPP.

The Caatinga occupies the area of greatest climate variability of Brazil with periods of intense rains and large
droughts (Ferreira and Mello 2005; Kayano and Andreoli 2007; Menezes et al. 2008; Cavalcante 2012; Kayano and
Capistrano 2014). Therefore, it is a vegetation with adapted characteristics, over time, to the geomorphological,
pedological and climate conditions of the area that occupies, thus it resists to great periods of drought, that
generally occurs the fall of leaves, but when it starts the rainy period the vegetation of the Caatinga increases the
foliage (Costa et al. 2017).

Thus, it was observed that in LLa Nifia episodes, the amount of carbon sequestrated is greater than in others

episodes, showing that northeastern biomes are able to carbon market.

CONCLUSIONS

The results show that the Amazon Rainforest, the Cerrado and Atlantic Forest are slightly influenced by
episodes of ENSO or Atlantic Dipole, no significant changes occurring in carbon sequestration during these
standards.

It was calculated the NPP averages for the four biomes and climate conditions of El Nifio, positive dipole, La
Nifia, negative dipole and neutral. To test whether the mean of the same biome was different or not, the student’s
t test for difference of means was performed. The only averages that presented statistically significant differences
(p value < 0.05) were the NPP of the El Nifio and La Nifia periods of the Caatinga area.

Area with lower value of NPP in Caatinga agree with susceptible area of desertification, being more noted
during El Nifio events.

The values of the means of NPP of the others biomes did not present statistically significant differences.
However, it is clear that the Caatinga presents large variability during occurrences of ENSO and Atlantic Dipole,
particularly the mid-north part, causing decreased/increased carbon sequestration during El Nifio/La Nifia or
positive/negative Dipole.

The climate conditions produced by these phenomena, such as drought with low soil moisture (El Nifo,
positive dipole) and rainy season with a longer rain period and higher humidity in the soil (La Nifia, negative
dipole).
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The amount of rainfall in previous years of occurrence of ENSO and Dipole also influences the amount of
carbon sequestered by biomes because in years of El Nifio there is a decrease in rainfall and consequently lower
humidity of the soil, occurring a decreasement on NPP. On the other hand, in year of La Nifia there is an increase
in precipitation and prolongation in the rainy season, providing a soil more moist than driest period resulting in a
increase on NPP.

As during La Nifa events the amount of carbon sequestrated is greater than during others events, La Nifia

events are very important to the carbon market.
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