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ABSTRACT. The influence of the very strong 2015–16 El Niño event on local and regional 
meteorological conditions, as well as on energy and CO2 fluxes in a mountainous 
primary tropical rainforest was investigated using ERA-Interim reanalysis data as well 
as meteorological and eddy covariance flux measurements from Central Sulawesi in 
Indonesia. The El Niño event led to a strong increase of incoming monthly solar radiation 
and air temperature, simultaneously with the increasing Niño4 index. Monthly precipitation 
first strongly decreased and then increased reaching a maximum in 3–4 months after 
El Niño culmination. Ecosystem respiration increased while gross primary production 
showed only a weak response to the El Niño event resulting in a positive anomaly of 
net ecosystem CO2 exchange (reduced CO2 uptake). The changes of key meteorological 
parameters and fluxes caused by the strong El Niño event of 2015–16 differed from the 
effects of moderate El Niño events observed during the period 2003-2008, where net 
ecosystem CO2 exchange remained largely unaffected. In contrast to earlier moderate El 
Niño events, the strong El Niño 2015–16 affected mostly the air temperature resulting in 
a weakening of the net carbon sink at the rainforest site in Central Sulawesi, Indonesia. 
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INTRODUCTION 

The contribution of tropical rainforests to 
the global budget of atmospheric green-
house gases (GHG), their possible influence 
on the climate system and their sensitivity 
to environmental changes are key topics 
of numerous modeling and experimental 
studies (Grace et al. 1995; Malhi et al. 2007, 
2010; Le Quéré et al. 2015). Tropical forests 
cover large areas of the Earth's surface and 
they are characterized by a large diversity. 
Their growth and development are gov-
erned by various factors including the re-
gional climatic conditions, landscape prop-
erties and soil characteristics (FAO 2016). 
Representative information about possible 
responses of tropical forest ecosystems to 
changing environmental conditions can 
help to obtain new knowledge about pos-
sible future dynamics of tropical forest eco-
systems in different geographical regions 
as well as to describe the possible effects of 
vegetation and land-use changes in trop-
ical regions on local and regional climate 
conditions.

South-East (SE) Asia hosts some of the old-
est, intact rainforests on Earth (Corlett and 
Primack 2006). They still cover vast areas 
in the region and are characterized by a 
large biological diversity and high species 
richness (Myers et al. 2000). A high defor-
estation rate due to widespread logging 
over the last decades in the region leads, 
however, to degradation of the primary 
rainforests and to reduction of their exten-
sion (FAO 2016; Hansen et al. 2013). During 
the last decades, rainforest in SE Asia were 
the objects of intensive aggregated stud-
ies of ecosystem - atmosphere interactions 
(Ibrom et al. 2007; Ichii et al. 2017). Never-
theless, considerable parts of primary trop-
ical rainforests in remote areas, far away 
from administrative centers and human 
settlements, are still very poorly investigat-
ed in respect to their sensitivity to changes 
of environmental conditions and their con-
tributions to the global and regional bud-
gets of GHG in the atmosphere. 

Recent scientific assessments indicated 
that the tropical rainforests of SE Asia are 
highly sensitive to the effects of large-scale 

atmospheric and oceanic modes such as El 
Niño-Southern Oscillation, Indian Ocean Di-
pole, Madden-Julian Oscillation (Hirano et 
al. 2007; Olchev et al. 2015). El Niño-South-
ern Oscillation (ENSO) is associated with 
quasi-periodic fluctuations in sea surface 
temperature (SST) in the central and east-
ern parts of the Equatorial Pacific and at-
mospheric pressure fluctuations between 
the eastern and western tropical Pacific. It 
has significant influence on the weather 
and climatic conditions both in the tropi-
cal Pacific region and through teleconnec-
tions at mid and high latitudes (Trenberth 
et al. 1998; Diaz et al. 2001; Zheleznova and 
Gushchina 2015, 2016). The warm phase (or 
event) of ENSO, termed El Niño, is charac-
terized by positive SST anomalies located 
either in the Eastern (conventional event) 
or Central (Modoki event) Pacific (Ashok et 
al. 2007). The ocean warming is associated 
with a well pronounced shift of the Walker 
circulation to the east, resulting in strong 
convection and abundant precipitation 
over the Central and Eastern Pacific as well 
as in decreasing cloudiness and precipita-
tion in Western Pacific areas, including the 
islands of the Indonesian archipelago and 
Northern and Eastern Australia (Gushchi-
na et al. 1997; Dewitte et al. 2002). The de-
creasing cloudiness in the Western Pacific 
leads to increased solar radiation and air 
temperature.

To describe possible effects of ENSO events 
on CO2- and H2O-exchange between the 
land surface and the atmosphere, studies 
for various Western Pacific regions were 
carried out during the last decades (Feely 
et al. 1999; Olchev et al. 2015). Most of 
them, however, analyzed relatively weak El 
Niño events due to the absence of strong 
El Niño events between 1998 and 2015. 

The main goal of this study is therefore to 
describe possible effects of the very strong 
2015–2016 El Niño event (warm phase of 
ENSO) on energy, water, and CO2 fluxes 
in the Western Pacific at the example of 
mountainous old-growth tropical rainfor-
est growing in Central Sulawesi, Indonesia. 
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MATERIAL AND METHODS 

Study area 

The tropical rainforest selected for the 
study is situated near the village Bariri in 
the southern part of the Lore Lindu Na-
tional Park in Central Sulawesi in Indone-
sia (1°39.47'S and 120°10.41'E or UTM 51S 
185482.0 m East and 9816523.0 m North) 
(Fig. 1). The site is located on a large pla-
teau with a size of several kilometers, about 
1440 m above sea level. The area is sur-
rounded by mountain chains surmount-
ing the plane by another 300 m to 400 m. 
A 70 m high micrometeorological tower 
is installed on the site and equipped with 
meteorological and gas-exchange measur-
ing sensors. Within 500 m around the tow-
er the elevation varies between 1390 and 
1430 meters (Ibrom et al. 2007; Olchev el 
al. 2015).

The area is influenced by the  intertropical 
convergence zone  (ITCZ)  and it is char-
acterized by a humid  climate with low 
temperature range throughout the year 
(the mean monthly air temperature varies 
between 19.4°С and 19.7°С). It belongs to 

the tropical wet (or rainforest) climate (Af) 
according to the Köppen-Geiger climate 
classification (Chen and Chen 2013; Olchev 
el al. 2015) and to the equatorial type of cli-
mate - according to the climate classifica-
tion suggested by Alisov (Alisov 1954). The 
mean annual precipitation rate exceeds 
2000 mm with May to October exhibiting 
drier conditions than the rest of the year 
(Ibrom et al. 2007; Olchev et al. 2015). 

The vegetation cover at the site is charac-
terized by a large diversity. There are more 
than 90 different tree species per hectare 
(Ibrom et al. 2007). Among the dominant 
species are Castanopsis accuminatissima BL. 
(29%), Canarium vulgare Leenh. (18%) and 
Ficus spec. (9.5%). The density of trees, with 
diameter at breast height (DBH) larger than 
0.1 m, is about 550 trees ha-1. Additionally 
there is more than a 10-fold larger number 
of smaller trees with a stem diameter lower 
than 0.1 m. Leaf area index (LAI) is about 7.2 
m2 m-2. LAI was estimated using an indirect 
hemispherical photography method. The 
height of the trees, with DBH >0.1 m, varies 
between 12 m and 36 m with the mean of 
21 m (Ibrom et al. 2007).

Daria Gushchina, Florian Heimsch et al. EFFECTS OF THE 2015–2016 EL NIÑO ...

Fig. 1. Geographical location (source: Google maps), surface topography of the Bariri 
site and a photo of the meteorological tower for long-term observations of the 

energy, water, and CO2 fluxes between land surface and the atmosphere. The surface 
topography map was created using ASTER GDEM version 2 data set (https://asterweb.

jpl.nasa.gov/gdem.asp)
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Reanalysis data

Various reanalysis products are used to 
document the anomalies of meteorolog-
ical and oceanic parameters observed in 
the study area during the 2015–16 El Niño. 
Monthly net solar radiation, air temperature 
and wind at the 850 hPa level are obtained 
from the ERA-Interim reanalysis (Dee et al. 
2011) with the grid spacing of 2.5°×2.5°. To 
derive monthly SST the Extended Recon-
structed Sea Surface Temperature version 4 
(ERSST.v4) archive is used (grid spacing of 
2°×2°). Precipitation anomalies are calculat-
ed from the GPCP archive (Huffman et al. 
2009), with the grid spacing of 2.5°×2.5°. 
Anomalies are calculated respectively to 
the mean seasonal cycle averaged over 
1979–2014 period. Niño3 (SST anomalies 
averaged over 150°W-90°W and 5°S-5°N) 
and Niño4 (SST anomalies averaged over 
160°E-150°W and 5°S-5°N) indices are ob-
tained from https://www.esrl.noaa.gov/
psd/gcos_wgsp/Timeseries/.

Flux measurements in the tropical 
rainforest

Measurements of CO2 and H2O fluxes are 
carried out at the Bariri site since 2003 (Falk 
et al. 2005; Ibrom et al. 2007, 2008; Panferov 
et al. 2009). Eddy covariance equipment for 
flux measurements is installed on a mete-
orological tower of 70 m height at the 48 
m level, i.e. ca. 12 m above the maximum 
tree height. The measuring system consists 
of a three-dimensional sonic anemometer 
(USA-1, Metek, Germany) and an open-
path CO2 and H2O infrared gas analyzer 
(IRGA, LI-7500A, Li-Cor, USA). The system is 
solar powered and entirely self-sustaining. 
It has been proven to run unattended over 
a period of several months. Post-field data 
processing of eddy covariance flux esti-
mates was carried out strictly according to 
established recommendations for raw data 
analysis including despiking, block averag-
ing, and 2D coordinate rotation (Aubinet 
et al. 2012). Negative fluxes indicate a flux 
towards the land surface (uptake), positive 
fluxes a flux towards the atmosphere (re-
lease). For filling the gaps in the measured 
Net Ecosystem Exchange (NEE), sensible 
and latent heat flux records as well as to 

quantify Gross Primary Production (GPP), 
Net Primary Production (NPP) and Ecosys-
tem respiration (RE) the process-based Mix-
for-SVAT model (Olchev et al. 2002; 2008, 
2015) was used. 

Mixfor-SVAT is a one-dimensional mod-
el of the energy, H2O and CO2 exchange 
between vertically structured mono- or 
multi-specific forest stands and the atmo-
sphere. The key advantage of the model 
is its ability to describe seasonal and daily 
patterns of CO2 and H2O fluxes at individual 
tree and entire ecosystem levels and to es-
timate the contributions of soil, forest un-
derstorey, and various tree species of over-
storey into total ecosystem fluxes while 
taking into account individual biophysical 
properties and responses of tree species 
to changes in environmental conditions. 
The model also allows taking into account 
the non-steady-state water transport in the 
trees, rainfall interception, dew generation, 
turbulence and convection flows within 
the canopy and plant canopy energy stor-
age (Olchev et al. 2015).

Data analysis 

To estimate the possible impacts of ENSO 
events on energy, water, and CO2 fluxes in 
the tropical rainforest at the Bariri site the 
meteorological and flux data measured in 
the periods from 2003 to 2008 and from 
2013 to 2017 were analyzed. The periods 
were chosen due to the small amount of 
gaps in the time series data. The period 
between 2003 and 2008 contains several 
warm ENSO events of moderate intensity. 
The period 2013–2017 contains one of the 
strongest warm events during the last sev-
eral decades – the El Niño of 2015–16. 

Statistical analysis included both simple 
correlation and cross-correlation analysis 
(Chatfield 2004). Correlation coefficients 
are calculated between the Niño4 index 
and the deviations of smoothed mean 
monthly (moving average ±3 months) 
values of meteorological parameters and 
atmospheric fluxes from their monthly av-
erages over the entire considered period 
(2003–2008, 2013–2017). The deviations 
were calculated according to the approach 

GEOGRAPHY, ENVIRONMENT, SUSTAINABILITY  02  (12)  2019
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described by Olchev et al (2015). Cross-cor-
relation analysis was used to take into ac-
count possible forward and backward time 
shifts of maximal anomalies of meteoro-
logical parameters and energy, water, and 
CO2 fluxes in respect to time of the El Niño 
culmination.

RESULTS AND DISCUSSION 

The El Niño event of 2015–2016 was one of 
the strongest ever recorded with the ampli-
tude comparable to the extreme events of 
1982–1983 and 1997–1998 (Santoso et al. 
2017). The values of Niño3 and Niño4 indi-
ces reached in 2015–2016 values of 2.65°С 
and 1.59°С, respectively, that exceeds the 
corresponding values of SST anomalies ob-
served in 1982–83 and 1997–98 for Niño4 
region (Fig. 2c). Reanalysis data show that 
the area of positive anomalies of SST per-
sisted over the Central and Eastern Pacif-
ic from June 2015 up to May 2016 and it 
was associated with strong westerly wind 
anomalies spreading up to 120°W in the 
ENSO culmination phase (Fig. 2a). 

The extreme SST and atmosphere circula-
tion anomalies induced a strong remote 
response over the entire equatorial Pacific 
region and resulted in significant changes 
in temperature and precipitation fields. In 

the area of our study site in Central Sulawe-
si, Indonesia, this episode was manifested 
in positive temperature anomalies that ex-
ceeded 1°С during the culmination phase  
and it remained above the mean until the 
fall season of 2016 (Fig. 3c-d). Decreased 
precipitation over Sulawesi was observed 
from April 2015 to February 2016 (Fig. 3e-f ). 
Similar trends were also revealed from data 
obtained at Bariri site (Fig. 4a-b). The east-
erly shift of the convection zone resulted 
also in higher solar radiation over Indonesia 
during summer and fall of 2015 and win-
ter of 2015–2016 with a maximum in the 
period from September to November 2015 
(Fig. 3a, 4a).

The comparisons of the 2013–17 time se-
ries of the mean monthly deviations of me-
teorological parameters measured at the 
tower in Bariri with anomalies calculated for 
the study area from reanalysis data showed 
that the deviations of solar radiation, air 
temperature and precipitation in 2015–16 
from the mean values observed during 
the entire period of instrumental measure-
ments at the experimental site are very well 
correlated with the anomalies obtained 
from reanalysis. From March 2015 up to 
October 2016 air temperature (T) exceeded 
the mean temperature of 2003–2017 (Fig. 
5a). Precipitation (P) remained lower than 

Daria Gushchina, Florian Heimsch et al. EFFECTS OF THE 2015–2016 EL NIÑO ...

Fig. 2. (a) Anomalies of sea surface temperature and wind at 850 hPa for the 
culmination phase of the El Niño 2015/2016 (December 2015 - February 2016), (b) the 

Niño3 index, and (c) the Niño4 index evolution  during the strongest El Niño events 
since 1980s
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Fig. 3. Anomalies of (a, b) surface net solar radiation, (c, d) near-surface air 
temperature and (e, f) precipitation during the development (left panel) and the peak 

(right panel) of the El Niño 2015/2016
the mean values until November 2015 and 
exceeded them in the El Niño culmination 
phase (Fig. 5b). The temporal variability of 
water vapor pressure (e) is characterized by 
insignificant variations during the El Niño 
development that are interrupted shortly 
before the El Niño peak and manifested 
in a fast growth of e simultaneously with 
P increasing (Fig. 4b,5b). The deviations of 
incoming solar radiation (G) and net radia-
tion (Rn) from mean values have two peaks 
before and after El Niño culmination: in 
August-September 2015 and March-April 
2016, respectively (Fig. 5a,e). 

Monthly NEE and RE rates increase during 
the El Niño development, and the devia-
tions from the means reached their max-
imum values almost simultaneously with 
the peak of the event (Fig. 5c-d). NPP ex-
hibits negative anomalies during the El 
Niño of 2015–2016, while GPP shows a 
small, but consistent growth during the 
whole period from 2013 to 2017 (Fig. 4c-
d, 5c-d).  LE rate reaches maximum values 
about two months prior to the El Niño peak 
and suddenly decreases in the culmination 
and decaying phases (Fig. 4e, 5e). It can be 
explained by joint effects of positive cor-
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Fig. 4. Temporal variability of (a) T (°С) and G (MJ m-2 day-1), (b) e (hPa) and P (mm 
day-1), (c) NEE (gC m-2 day-1) and NPP (gC m-2 day-1), (d) GPP (gC m-2 day-1) and RE (gC 

m-2 day-1), (e) Rn (MJ m-2 day-1) and LE (MJ m-2 day-1) for the measurement period from 
December 2013 to April 2017 at the Bariri site. Pink rectangle indicates the period of 

the El Niño (Niño4 >1.0°С) from April 2015 to March 2016

relations of ΔLE with ΔT (r=0.64, p<0.05) 
and with ΔG (r=0.49, p<0.05) as well as of 
negative correlation of ΔLE with Δe (r=-
0.48, p<0.05).

In order to analyze the response of energy 
and CO2 fluxes in the tropical rainforest in 
Central Sulawesi to ENSO associated anom-
alies a lag cross correlation analysis is pro-
vided (Fig. 6). The cross-correlation analysis 
shows that NEE and RE rates have similar re-
lationship with ENSO indices: they are neg-

atively correlated before and positively cor-
related after El Niño peak with maximum 
at -9 and 4 month lags, respectively. There-
fore, NEE and RE are suppressed during the 
El Niño development phase and intensified 
after the ENSO culmination. The latter may 
be considered as a response to the high air 
temperature observed during the El Niño 
culmination phase (the maximum positive 
correlation of ΔT with Niño4 index falls on 
the same time lag as for ΔRE). Taking into 
account that GPP is not influenced by the 
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El Niño of 2015–2016 in a straightforward 
manner and ΔGPP is not correlated with 
Niño4, a relatively high correlation of ΔNEE 
with Niño4 can be explained by a prevailing 
contribution of RE change into NEE variabil-
ity. The temperature variation is connected 
in turn with solar radiation anomalies that 
preceded the air temperature anomaly by 
3 months and reached their maximum at 
the El Niño peak. The same relationships 
with Niño4 index are observed for Δe and 
ΔP values suggesting that anomalously 
high temperature during 2015–2016 El 

Niño acts as a major influencing factor of 
observed anomalous conditions. The LE 
anomalies are mostly governed by chang-
es of solar radiation which is supported by 
the same lag-correlation functions for ΔG 
and ΔLE.

Analysis of temporal variability of ΔNPP 
shows that it changed in an opposite phase 
with ΔNEE, ΔGPP and ΔRE (Fig. 5, 6). ΔNPP is 
positively correlated with Niño4 before the 
El Niño appearance and negatively correlat-
ed at El Niño culmination and its decaying 

GEOGRAPHY, ENVIRONMENT, SUSTAINABILITY  02  (12)  2019

Fig. 5. Deviations from 2003–2017 means of T (ΔT, °С), G (ΔG, MJ m-2 day-1), P (ΔP, mm 
day-1), e (Δe, hPa), LE (ΔLE, MJ m-2 day-1), Rn (ΔRn, MJ m-2 day-1), GPP (ΔGPP, gC m-2 

day-1)), RE (ΔRE, gC m-2 day-1), NEE (ΔNEE, gC m-2 day-1) and NPP (ΔNPP, gC m-2 day-1) 
values at the Bariri site and SST anomalies in Niño4 region (°С)
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phases. Notably ΔNPP is also in antiphase 
with temperature changes. The temporal 
variability of NPP usually coincides with the 
GPP pattern and is mainly influenced by G 
and T variability. It is likely that the ΔNPP 
reduction after El Niño culmination can be 
explained, on the one hand, by a very low 
sensitivity of GPP of the tropical rainforest 
to changes of Niño4 index in the period of 
the El Niño of 2015–2016 and, on the other 
hand, by high contribution of T variations 
to the changes of forest canopy autotro-
phic respiration. 

The El Niño of 2015–2016 was classified as 
a conventional event with some features of 
Modoki at the mature phase (Osipov and 
Gushchina 2018). In this context we com-
pared the responses of energy, water and 
CO2 fluxes to the El Niño event of 2015–16 

with flux anomalies observed during the 
moderate El Niños of 2004–05 and 2006–
07 which were classified as Modoki events.

Comparison results show that the correla-
tion of ΔG and ΔRn with Niño4 index are 
quite similar for both periods, however in 
2003–08 the ΔG and ΔRn leads Niño4 by 3 
months while in 2013–17 they are almost 
varied in the same phase. This is due to 
the fact that Rn and G growth during Mo-
doki events occurs earlier in the seasonal 
cycle as compared to the conventional 
ENSO event. The ΔLE variability is mainly 
influenced by solar radiation changes, and 
therefore has a similar pattern for both pe-
riods. Maximum correlation between ΔLE 
and Niño4 index in 2003–08 is observed 
2 months prior El Niño culmination and 
its response to Niño4 well agreed with re-

Daria Gushchina, Florian Heimsch et al. EFFECTS OF THE 2015–2016 EL NIÑO ...

Fig. 6. Cross-correlation (r) functions between ΔT, ΔG, ΔP, Δe, ΔLE, ΔRn, ΔGPP, ΔRE, 
ΔNEE and ΔNPP values and Niño4 index. Solid lines – correlation for period from 2013 

to 2017, dashed lines for 2003–2008 period



sponses of Rn and G to Niño4 oscillations. 
Precipitation is strongly suppressed before 
El Niño peaks and increases after its culmi-
nation for all observed events. Notewor-
thy a weaker positive correlation between 
precipitation and Niño4 was observed in 
2003–08 as compared to 2013–17. This ef-
fect may result from different decaying rate 
of conventional and Modoki events. The 
2015–16 event decayed very quickly and 
passed to La Niña conditions, associated 
with extremely high precipitation in the 
western Pacific, in spring 2016. Whereas the 
Modoki events (observed in period 2003-
08) are usually characterized by a longer 
decaying phase. 

In contrast to solar radiation the air tem-
perature and water vapor pressure anom-
alies are differently correlated with Niño4 
index in 2003-08 and 2013-17 periods. The 
ΔT values follow the ΔG growth in 2015-
16 and they are positively correlated with 
Niño4, while during Modoki events of 
2003-08 the T deviations were always neg-
ative and did not exceed -0.5°С (Oltchev 
et al. 2015). This led to the negative ΔT and 
Niño4 correlation during the entire period 
of 2003-08 (Fig. 6). As a consequence, ΔRE 
in 2003-08 was predominantly negative 
and was negatively correlated with Niño4. 
Very high correlation of ΔGPP and Niño4, 
and very weak negative correlation of ΔRE 
and Niño4 resulted in a clearly manifested 
negative correlation of ΔNEE and Niño4 
in 2003-08 in contrast to the period from 
2013 to 2017, that is characterized by a very 
weak correlation between ΔGPP and Niño4 
and in turn a very well manifested positive 
correlation between ΔNEE and Niño4 (Fig. 
6). The difference in temporal patterns of 
Δe and Niño4 index in 2003-08 and 2013-
17 could result from various air tempera-
ture and precipitation responses to the SST 
oscillation in Niño4 region. 

The NPP and RE responses to the El Niño 
event are also strongly different in periods 
of 2003-08 and 2013-17. In 2003-08 NPP is 
mainly influenced by ΔG, which was tight-
ly related to Niño4 variability whereas the 
temperature changes during this period 
were relatively low causing the small sen-
sitivity of NPP to temperature. In 2015-16 

we observed a weak dependence of ΔGPP 
on Niño4 which resulted in a prevailing de-
pendence of ΔNPP on T oscillations and, as 
it was already mentioned, in a negative cor-
relation between ΔNPP and Niño4 at cul-
mination and mature phases of the El Niño 
2015-16. The different responses of ΔRE to 
Niño4 changes are influenced by different 
effects of various types of ENSO of different 
intensity on the pattern of ΔT in equatorial 
Pacific. The El Niño 2015-16 is characterized 
by a clearly manifested dependence of ΔT 
on Niño4 variation whereas in the period 
from 2003 to 2008 such relation is insignif-
icant.

The present study focuses on the analysis 
of possible effects of the 2015-16 El Niño 
event on the temporal variability of key 
meteorological parameters and energy, 
water, and CO2 fluxes in a tropical rainforest 
ecosystem. Possible uncertainties of flux es-
timations provided by the eddy covariance 
technique (caused by e.g. low turbulence, 
rainfall events, etc.) were not considered. To 
derive the flux responses to El Niño intensi-
ty we analyze monthly flux deviations from 
long-term mean fluxes obtained at the 
experimental site since 2003. Effect of flux 
measurement uncertainties on monthly 
flux deviations in this case is relatively small 
and can be neglected.     

CONCLUSIONS 

The results of long-term eddy covariance 
flux measurements in a tropical rainforest 
in Central Sulawesi showed a very strong 
influence of the El Niño event of 2015–16 
on local and regional meteorological con-
ditions, energy, water, and CO2 fluxes. The 
El Niño influence is manifested in a strong 
increase of incoming solar radiation, low 
precipitation, and high air temperature that 
reach their maximum values quite simul-
taneously with the Nino4 index. Monthly 
precipitation reached maximum about 
3–4 months after El Niño culmination. In-
creased incoming solar radiation, net radia-
tion and surface temperature resulted in a 
strong increase of LE (surface evapotrans-
piration) that reached its maximum about 
two months before the El Niño peak. RE 
showed a continuous increase simultane-
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ously with air temperature growth result-
ing in a positive anomaly of NEE (reduced 
CO2 uptake). The GPP rate is characterized 
by a very low sensitivity to Niño4 changes 
and had no impact on NEE rates. Low sen-
sitivity of GPP to Niño4 also resulted in a 
negative anomaly of NPP that varied in re-
versed phase with NEE. 

The discovered tropical rainforest respons-
es (key meteorological parameters as well 
as energy, water, and CO2 fluxes) to the El 
Niño 2015–16 forcing are different from 
the ones during the moderate El Niño 
events of 2003–08. The main difference is 
the strong relationship between air tem-
perature and Niño4 index during 2015–16 
that was not observed during 2003–08. 
As a consequence, the sensitivity of RE to 
Niño4 during the period of 2003–08 was 
very low in contrast to the well manifest-
ed dependence of RE on Niño4 during the 
period of 2015–16. High RE was the main 
driver of CO2 uptake reduction (decrease 
of NEE), as well as decrease of NPP during 
the El Niño phenomenon of 2015–16. No 
differences in relationships between LE 
and Niño4 for the analyzed periods with El 
Niño of different intensities were found. It 
can be assumed that the different sensitiv-
ity of the energy, water, and CO2 fluxes of 

the tropical rainforest ecosystem to El Niño 
events is due to various intensity of mete-
orological anomalies that were observed in 
the region during the considered period. It 
can be expected that anomalies of key me-
teorological parameters (e.g. temperature, 
precipitation, solar radiation) with different 
intensity may result in opposite effects on 
the CO2 and energy fluxes.
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