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Key Messages & Recommendations 
1) Given its tropical location enclosed by the An-

des, its huge spatial extent (approximately 7.3 
million km2), and extensive forest cover, the 
Amazon River basin is one of the most critical 
elements of the Earth’s climate system. It ex-
erts a strong influence on atmospheric dynam-
ics and circulation patterns, both within and 
outside the tropics. It produces rainfall that re-
sults in the planet’s largest river discharges, 
with maximum rates of 209,000 m3/s, or 16-
20% of the world’s total river discharge.  

2) The Amazon basin is mainly characterized by 
lowlands with a warm and rainy climate. The 
upper part of the basin includes the eastern 
slope of the Andes, characterized by a wide va-
riety of mountain climates (cloud forest, Pára-
mos, Yungas, Punas, etc.).  

3) The El Niño-Southern Oscillation (ENSO) is the 
main cause of interannual variability in rain-
fall. ENSO is typically (but not exclusively) ac-
companied by droughts in the Amazon, with 
severe droughts in recent years resulting in low 
river water levels and increased risk of fires. In 
addition to ENSO, Atlantic and Pacific sea sur-
face temperature (SST) variability influences 
the climate of the Amazon at interannual and 
interdecadal time-scales, including extreme 
events. 

4) In the last 15 years, the Amazon has witnessed 
several climate extremes: droughts in 2005, 
2010, and 2015–16; and floods in 2009, 2013, 
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2014, and 2017. Some of these have been clas-
sified as "once-in-a-century" events (see Chap-
ter 22). Historical records show previous 
droughts in 1926, 1964, 1980, 1983, and 1998; 
and floods in 1953, 1988, and 1989. 

5) Preserving and restoring the Amazon forest is 
essential to maintaining regionally-important 
processes, including convection, evapotran-
spiration (ET), mesoscale circulations, and 
land surface processes. 

 
Abstract This chapter reviews the main features 
and large- to mesoscale mechanisms that contrib-
ute to the Amazon’s climate, its interannual and in-
terdecadal variability, and extreme drought and 
flood events. It examines the effects of extreme 
events on vegetation and the partitioning of precip-
itation into evapotranspiration, runoff, flow sea-
sonality, and floodplain dynamics; and describes 
the floodplain´s role in the biogeochemical cycle. 
 
Main characteristics of the Amazon’s climate 
 
Spatial distribution of temperature, atmospheric circu-
lation, and rainfall Due to high, relatively constant 
incoming solar radiation, air temperatures in the 
Amazon are also relatively constant, with little var-
iation throughout the year except in the southern 
Amazon (Rondônia, Mato Grosso, the Bolivian Am-
azon, and the southern Peruvian Amazon). Annual 
average temperatures exceed 27-29ºC in the cen-
tral equatorial region. The seasonal thermal ampli-
tude is 1-2ºC, and average values range from 24°C 
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to 26ºC. Near the Andes, the maximum monthly 
mean temperature in Santa Cruz de la Sierra, Bo-
livia, is 26.1°C in September and 20°C in June. De-
spite small seasonal fluctuations, large tempera-
ture oscillations are typical of the diurnal cycle in 
this region, in association with that of rainfall. 
 
Atmospheric circulation in the Amazon is driven 
by the annual cycle of solar radiation. Near the Am-
azon delta, maximum rainfall is observed during 
austral summer to fall, and dry conditions prevail 
during winter. This is due to the alternating warm-
ing of the two hemispheres and to variations in the 
location of the Intertropical Convergence Zone 
(ITCZ)1. Trade winds coming from the tropical 
North and South Atlantic converge along the ITCZ 

and are associated with subtropical anticyclones in 
the North and South Atlantic. Monsoonal rain over 
the Amazon basin during austral summer provides 
moisture to establish an active South Atlantic Con-
vergence Zone (SACZ, Figure 5.1). The SACZ is 
characterized by a convective band that extends 
northwest to southeast from the Amazon basin to 
the subtropical South Atlantic Ocean. The SACZ´s 
northern edge merges with the Atlantic ITCZ2. 
Heating in the Amazon basin contributes to the for-
mation of the Bolivian High (BH) in the upper at-
mosphere3. At the regional scale, moisture trans-
port in and out of the Amazon basin is critical for 
the rainfall regime, particularly during the wet sea-
son. Moisture from the Amazon is exported out of 
the region via the South American Low-Level Jet 

Figure 5.1 Schematic of the main climatological features in South America. The blue and red lines represent June-July-August (JJA) 
and December-January-February (DJF), respectively. The annual cycle of rainfall (bars, in mm) is shown for measurement stations 
located across the Amazon (indicated by dots). Abbreviations: CL, Chaco Low; BH, Bolivian High; ITCZ, Intertropical Convergence 
Zone; MCS, mesoscale convective system; SACZ, South Atlantic Convergence Zone; SALLJ, South American low-level jet. Sources of 
rainfall data: INMET and ANA (Brazil), SENAMHI (Peru), SENAMHI (Bolivia), INAMHI (Ecuador). Adapted from of Cai et al (Figure 
1)10. Climatology of the period 1961-2010. 
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(SALLJ); when it arrives at the eastern edge of the 
Andes, it interacts with the Chaco Low (CL) and 
drops precipitation over the La Plata basin2,4–11. 
 
Because it extends into both hemispheres, the al-
ternating warming of each hemisphere causes sev-
eral rainfall regimes in the Amazon. During a ‘nor-
mal’ year, rainfall in the region shows opposing 
phases between the northern and southern tropics, 
with a rainy season in austral winter in the North 
and austral summer in the South. In the southern 
Amazon, rainfall peaks during austral summer; in 
the central Amazon and near the delta, it peaks in 
austral autumn; and north of the Equator, it peaks 
in austral winter (Figure 5.1). The northwest equa-
torial region experiences low rainfall seasonality, 
with wet conditions throughout the year. The onset 
and demise of the rainy season in the Amazon var-
ies gradually from south to north. The end of the 
rainy season is more regular than its onset. The 
rainy season in the southern Amazon ends in April, 
while in the northern part, it ends in September. 
SST anomalies in the Pacific or Tropical Atlantic 
play a dynamic role in controlling the beginning 
and end of the rainy season 12,13. 
 
The Amazon Convection Alternating warming of the 
two hemispheres modulates seasonal displace-
ment of the ITCZ, including its Amazonian part and 
the ascendant branch of the Hadley-Walker cellsg, 
which is associated with maximum rainfall over 
the equatorial Amazon Basin. At the peak of austral 
summer, following the southward migration of the 
sun, heating and convective activity moves toward 
the subtropical highlands. Rainfall peaks over the 
central Andes and the southern Amazon Basin dur-
ing this season. Upward motion extends from near 
the surface to above 5,500 meters (500 hPa), reach-
ing the level of free convection (LFC) where buoy-
ant convection begins. At the large-scale (> 1000 

 
g Hadley and Walker cells are the two major circulation cells in the Earth´s atmosphere. The Hadley is essentially meridional, i.e., 

north-south winds, while the Walker cell is essentially zonal, i.e., east-west winds. In both cases, air rises near the Equator, but in 
the Hadley cell it sinks at about 30°, while in the Walker cell it sinks at other zones near the Equator.  

h Sensible heat flux is the transfer of heat caused by the difference in temperature between the surface and the air. Latent heat flux 
is the transfer of heat from the surface to the atmosphere that is associated with evaporation of water at the surface and subse-
quent condensation of water vapor in the atmosphere. 

km), seasonal changes in the thermal contrast be-
tween tropical South America and the Atlantic 
Ocean modulate wind circulation, which supplies 
the available energy and moist instability over the 
Amazon basin1. These features provide the convec-
tive available potential energy (CAPE), the gross 
moist instability, and the rising motion essential to 
deep atmospheric convection14–16. At regional (100-
1000 km) to local (<100 km) scales, Amazon con-
vection is also related to the land surface wet-bulb 
temperature, generally above 22˚C17, which is 
closely determined by surface humidity and by 
sensible and latent heat fluxesh from the local land 
surface. Deep atmospheric convection contributes 
about 80% of the total annual precipitation in the 
Amazon basin, while only 20% of yearly rainfall is 
associated with local systems18.  
 
Seasonal changes in Amazon convection are re-
lated to changes in the moistening of the planetary 
boundary layer (PBL) and changes in the tempera-
ture at the top of the PBL19. However, in the north-
western Amazon, deep convection is particularly 
intense year-round because the warmer land sur-
face provides highly unstable atmospheric pro-
files. In addition, the concave shape of the Andes 
induces a low-level convergence over the north-
western Amazon basin, which causes the high an-
nual rainfall (>3000 mm) in this region20. Because 
deep convection over the Amazon is related to a 
strong release of latent heat, the Amazon basin is 
an important source of energy and modulates re-
gional atmospheric circulation in South Amer-
ica21,22. 
 
The role of ENSO and other large-scale mechanisms The 
El Niño-Southern Oscillation (ENSO) is the main 
cause of global interannual variability in water and 
energy budgets. ENSO extremes represent a rever-
sal of the typical SST patterns in the Tropical Pa-
cific, El Niño (EN) and La Niña (LN), when there is 
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warming or cooling, respectively, in the eastern or 
central-eastern tropical Pacific. EN is typically (but 
not exclusively) accompanied by drought in the 
Amazon region. In general, recent severe droughts 
over the Amazon have resulted in low river water 
levels, increased risk of forest fire, and impacts on 
natural river ecosystems2. During drought and EN 
years, subsidence anomalies appear over areas 
with negative rainfall differences, with convection 
and intense rainfall over warm SST in the eastern 
Equatorial Pacific region. There are different 
“types” of EN depending on the location of anoma-
lies over the tropical Pacific; the Eastern Pacific 
(EP) EN and Central Pacific (CP) EN23 lead to differ-
ent precipitation patterns over South America24,25. 
In addition to ENSO, there are two other modes of 
interannual and interdecadal variability that influ-
ence the climate of the Amazon: The Pacific Deca-
dal Oscillation (PDO) and the Atlantic Multidecadal 
Oscillation (AMO). They represent changes in air-
sea interactions that vary at decadal scales and af-
fect the sea surface, which in turn affects circula-
tion and rainfall in the Amazon. Consistent with the 
ENSO (EN) positive phase, the PDO and AMO's pos-
itive phases intensified reductions in rainfall in the 
Amazon towards the end of 2015, during the 2015-
16 EN event26. Positive phases of the PDO are asso-
ciated with an increase in precipitation in the cen- 

tral and northern parts of the basin and a decrease 
in the southern regions27. Influenced by the Tropi-
cal North Atlantic, the drought of 2005, however, 
was characterized by a weaker-than-normal intra-
seasonal oscillation, which favored drought condi-
tions.  
 
Extreme drought and flood events In the last 15 years, 
the Amazon basin has witnessed climate extremes, 
some of them characterized as ‘events of the cen-
tury’, including droughts in 2005, 2010, and 2015–
16 (Figure 5.228,29); and floods in 2009, 2012, 2014, 
2017, and 2021. Historical records show previous 
droughts in 1926, 1964, 1980, 1983, and 1998; and 
floods in 1953, 1988, 1989, and 1999. These events 
have been linked to modes of natural climate vari-
ability (EN and warm TNA anomalies) with strong 
impacts on natural and human systems. Some of 
the Amazon's main cities were flooded or isolated 
by extremely low river levels during these events. 
1999 and other wet years (1988-89, 2007-2008, 
2011-2012) were LN years. It is worth mentioning 
that droughts and floods are not synchronous and 
do not affect the whole basin in the same way. Over-
all, droughts affect the north-central Amazon, but 
the spatial pattern differs from one EN event to an-
other and even from one drought to another.  

Figure 5.2 Spatial patterns of precipitation anomalies during seasons (DJF, MAM, JJA, and SON) for the drought years of 2015-2016 
in the Amazon. Precipitation anomalies were obtained from the CHIRPSv2.0 dataset using the reference period 1981-2010. A black 
contour marks the Amazon basin. Adapted from Jimenez-Muñoz et al28. 
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Spatial variability and seasonality of discharge The dis-
charge of the main stem of the Amazon River and 
its tributaries integrates hydrological fluctuations 
occurring upstream. At the Tabatinga station, the 
Amazonas-Solimões River Basin spans 890,300 
km2, of which ~ 40% are in the Andes. The mean 
annual discharge at Tabatinga is estimated at 
38,000 m3/s, with peak values around 51,000 m3/s 
from April-May and the lowest discharge around 
20,000 m3/s in September30. These hydrological dy-
namics show strong seasonality that lags behind 
the rainfall cycle by a few months, with significant 
variations in the timing and magnitude of dis-
charge across the Amazon’s tributary water-
sheds31. The southern and western reaches of the 
Amazon River usually flood first, peaking between 
March and May. In the central Amazon, river levels 
are controlled by northern and southern tributar-
ies, generally peaking in June. Long-term dis-
charge measurements recorded near the central 
Amazon city of Óbidos, for example, indicate a 
peak discharge approaching ~250,000 m3/s during 
the high-water period in June, and a minimum dis-
charge of ~100,000 m3/s during the low-water pe-
riod in November32. Because the northern headwa-
ters of the Amazon are near the equator, their 
water levels fall between October and February, 
even as the Amazon River is rising due to contribu-
tions from its large southern tributaries. In con-
trast, most of the Amazon River’s southern tribu-
taries reach their highest levels in March or April 
(at points >300 km upstream from their mouths) 
and their lowest levels between August and Octo-
ber32. For example, discharge at Itaituba in the Ta-
pajós River peaks at ~23,000 m3/s in March and 
reaches its minimum (~5000 m3/s) in October. To 
its west, the Purús River at Arumã-Jusante shows 
even more variability, with a peak discharge of 
~11,000 m3/s in April and a minimum discharge of 
~1000 m3/s in September33. The lower sections of 
these southern tributaries are heavily influenced 
by a backwater effect of the Amazon River itself, 
rising and falling in response to changes in the 
main stem31. 
 
Fluctuations in rainfall and river discharge drive 
pronounced seasonal changes in the water level of 

large Amazonian rivers, causing them to overflow 
their banks into adjacent floodplains. On a local 
scale, flooding can also result from rainfall in areas 
with poorly drained soils or rising groundwater 
levels, as in the case of the Llanos de Mojos in Bo-
livia. The periodic rise and fall of water levels – of-
ten referred to as the seasonal flood pulse – con-
nects rivers and their floodplains during part of the 
year, resulting in heterogeneous habitat structure, 
rapid recycling of nutrients and organic matter, 
and high rates of biological production34. Flooding 
on the Amazon River has an average height of 10 m 
near Manaus, and ranges from 2 to 18 m depending 
on the location and year35. The greatest fluctua-
tions occur in the southwestern Amazon, espe-
cially the Madeira, Purus, and Juruá Rivers, while 
the smallest changes happen in the east. Small 
streams in the Amazon lowlands are more com-
plex, with backwater effects causing less predicta-
bility36. On average, the lowland rivers of the Ama-
zon are flooded for 6-7 months of the year, with 
southern tributaries flooding from January to May 
and northern tributaries from June to August. Con-
versely, the southern Amazon undergoes a pro-
nounced dry season from August to December, 
which generally coincides with the low-water pe-
riod. In the north, floods can last until September32. 
Seasonally inundated wetlands cover an extensive 
area (17%) of the lowland Amazon37. 
 
Evapotranspiration About 50% of rainfall in the Am-
azon returns to the atmosphere through evapo-
transpiration (water returned to the atmosphere 
from the leaves of plants [transpiration] plus water 
evaporation from surfaces). The remainder re-
charges groundwater, which ultimately ends up in 
streams and rivers. The median value of evapo-
transpiration (ET) is 1,220 mm/yr±15%.  
 
Shuttleworth (1988)38 found limited seasonality in 
evapotranspiration (ET) in a forest reserve near 
Manaus, with peaks in March and September that 
coincided with net radiation extremes. In addition, 
actual ET rates were nearly equal to potentials 
throughout the year, suggesting that plenty of wa-
ter was available even during dry periods. In the 
1990s, data analysis of eddy-covariance (EC) flux 
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towers monitored by the Large-Scale Biosphere-
Atmosphere project (LBA), revealed some season-
ality depending on the study site. Most sites 
showed a seasonal pattern similar to that observed 
at Manaus during the Amazon Region Micromete-
orological Experiment (ARME), where ET corre-
lates with net radiation (Rn), maintaining either a 
constant flux or showing a slight increase during 
the dry period39–44. A few studies, mostly located in 
the southwestern Amazon45 or at the boundary be-
tween Amazon forests and cerrado savannas46, ob-
served higher ET in the rainy season. Hasler and 
Avissar (2007)47 found strong seasonality in ET at 
stations near the equator (2°S-3°S), with ET in-
creasing during dry periods and decreasing during 
wet periods, both correlated with Rn. In stations lo-
cated further south (9°S-11°S), ET and Rn did not 
present clear seasonality. These studies found the 
best correlations between ET and Rn during wet 
periods, but no correlation during dry periods. The 
authors attributed this response to water stress 
during dry periods, especially at the drier southern 
sites. Costa et al. (2010)48 analyzed three evergreen 
rainforest wet equatorial sites (2°S-3°S) and two 
seasonally dry rainforest sites (~11°S) and ob-
served that ET was greater in the dry season. Fol-
lowing previous studies, they found that Rn was the 
main controlling factor of ET in wetter sites, fol-
lowed by vapor pressure deficit and aerodynamic 
resistance. They also found ET seasonality in sea-
sonally-dry forests was controlled by biotic param-
eters (e.g. stomatal conductance), but in humid 
equatorial forests it was controlled by environmen-
tal factors. (See Chapters 1 and 2 for more on links 
between groundwater, deep soil moisture, and the 
atmosphere.) 
 
Conclusions The physical hydroclimate system of 
the Amazon operates on several spatial and tem-
poral scales. Given its tropical location enclosed by 
the Andes, its huge spatial extent, and vast forest 
cover, the Amazon River basin is the largest and 
most intense land-based convective center, exert-
ing a strong influence on atmospheric dynamics 
and circulation patterns both within and outside 
the tropics. It is a critical energy source for the at-
mosphere, removing latent heat from the surface 

through evapotranspiration and releasing it to the 
atmosphere as condensation and cloud formation. 
It produces rainfall that results in the largest river 
discharges on Earth, 200,000-209,000 m3/s, or 16-
20% of the world’s total river discharge. ENSO is 
the main cause of interannual variability in rain-
fall.  EN is typically (but not exclusively) accompa-
nied by droughts in the Amazon region, with recent 
severe droughts producing low river water levels, 
increased risk of forest fires, and ecosystem im-
pacts. In addition to ENSO, Atlantic and Pacific SST 
variability influences the climate of the Amazon at 
interannual and interdecadal scales, including ex-
treme events. These events affect ecosystems and 
the carbon cycle, changing the balance in the 
southern and eastern transition zones between 
forests and savannas, and affecting biomass stocks 
by favoring soft-wooded species vulnerable to dis-
turbance. 
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