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Presentation Notes
En sentido amplio, podemos decir que los Andes tropicales reciben precipitación a través de tormentas convectivas que se desarrollan sobre la montaña mientras que al sur de los 25 S la precipitación se produce principalmente por el paso de sistemas frontales extra-tropicales. En la atmosfera libre, la isoterma de 0 C va desde aproximadamente los 4000 m en latitudes tropicales/subtropicales a aprox. 500 m sobre el extremo sur del continente. Por lo tanto, nieve solamente cae en los picos altos de los Andes tropicales desde Colombia al sur de Bolivia-norte de Chile y es más importante en las laderas de los Andes subtropicales y del sur, especialmente durante frentes fríos invernales.
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Presentation Notes
Dada la extensión, continuidad y altura de los Andes, alteran significativamente la circulación atmosférica

Fenómenos de meso-escala (pocos a varios cientos de km)

Fenómenos sinópticos (> 1000 km)

Contrastantes condiciones climáticas a lo largo de las pendientes este/oeste y las tierras adyacentes. Entre los 5-30 S (trópico y subtropico), condiciones relativamente aridas y frias prevalen a lo largo de la costa pacífica, mientras que condiciones calidas  y lluviosas dominan sobre la pendiente este.

El gradiente se invierte al sur de los 35 S con bosques templados lluviosos sobre la costa pacífica y condiciones semi-aridas a áridas en el sector de la estepa patagónica.  





Mean zonal wind across the Andes
averaged between 80–60W, 
for austral summer (DJF, top)
and winter (JJA, bottom).

Data source: NCEP‐NCAR reanalysis (Kalnay
et al., 1996).
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Presentation Notes
Because the Andes extend from north of the equator to 53 S, they are sensitive the tropical and extratropical upper-level large-scale circulation, characterized by moderate easterly

wind at low latitudes (±15 of latitude) and westerly winds at subtropical/extratropical latitudes. This structure is shown in Fig. 2 by a pressure-longitude cross section of the seasonal

mean zonal wind. During austral summer (DJF) light easterly flow extends down to 21 S. An important factor in the southward extent of the easterlies is the establishment of

the upper level Bolivian High (BH, centred at 17 S/70 W). The BH is a distinctive feature of the summertime circulation over South America which is induced by the deep convection

over Amazon basin (e.g., Lenters and Cook, 1997).

Further, during summer months the subtropical westerly jet weakens and reaches its southernmost position. In contrast, during austral winter (JJA) the easterly winds are restricted

to the north of 10 S and the subtropical westerly jet becomes stronger with its core at 30 S.



Dada la extensión desde aprox 10N a 54 S, los Andes  interactúan con la circulación de larga escala tanto en las regiones tropicales como extratropicales

1. Vientos del este moderados actúan a bajas latitudes (± 15° de latitud)

2. Vientos del oeste en latitudes subtropicales y medias

 Fig. Sección transversal del flujo zonal: 

 a. En verano, vientos suaves del este se extienden hasta los 20-21S y los vientos del oeste se debilitan y alcanzan las posición mas austral. 

	1. Un factor importante en esta extensión hacia el sur de los alisios es el establecimiento de la Alta Boliviana (Bolivian High a 17 S/70W)

	2. La AB es un carácter distintivo de la circulación de verano sobre SA que es inducida por la convección intensa que ocurre sobre el Amazonas. 

	

b. En invierno, los vientos del este están restringidos al norte de los 10S y los vientos del oeste (jet subtropical) se intensifica con el centro a los 30 S.





Low-level atmospheric flow around the Andes Cordillera (< 1.5 km)
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Low-level flow (below 1.5 km) near the Andes, schematized in Fig. 3, is more complex than its upper-level counterpart. The low level flow is of particular importance because

it transports most of the water vapour thus controlling the precipitation field as described in Sect. 3. The cordillera intercepts the equatorial belt of low pressure, the subtropical

area of high pressure and the extratropical westerlies. Warming over the interior of the continent produces an area of relative low pressure over central South America that prevails

year round (Seluchi et al., 2003), interrupting the subtropical belt of high pressure and thus forming surface anticyclones over the subtropical South Pacific and South Atlantic. As a

result, the prevailing low-level winds between 35 S and 10 S blow from the south along the Pacific coast (west of the Andes) and from the north along the eastern slopes.



El flujo de baja altura (> 1.5 km) próximo a los Andes es más complejo que el de altura. Este flujo de baja altura es sumamente importante porque transporta el vapor de agua que determina los campos de precipitación. La Cordillera intercepta

	1. el cinturón ecuatorial de bajas presiones

	2. el área subtropical de altas presiones

	3. los vientos del oeste

El calentamiento del interior del continente produce un área de relativa presión baja sobre la porción central de SA que prevalece gran parte del año  interrumpiendo el cinturón de altas presiones bordeado por los dos anticiclones subtropicales en la Pacifico y Atlántico Sur.

2. Al sur de los 35 S la presión atmosférica decrece con la latitud y el viento del oeste prevalece todo en año en las capas bajas de la atmósfera, con un máximo entre los 45 y 55 S. En este caso, el flujo del oeste y las ondas de latitudes medias alcanzan a atravesar los Andes, aún cuando son modificadas durante este pasaje.

 







Instrumental 
records provide a 
comprehensive 
view of climate 
variations in 
South America 
during the 
past 40-60 years
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Variaciones mensuales en los vientos dominantes y la precipitación en América del Sur



Consistente con la baja inercia termal del continente, la precipitación en la región tropical-subtropical es altamente estacional 





Monsoon rainfall over South America
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Presentation Notes
Las laderas este y oeste de los Andes ecuatoriales (Ecuador y Colombia) reciben precipitación proveniente de masas húmedas de la cuenca amazónica y del golfo de Panamá. El flujo del este de media altura (vientos alisios) proveniente de la cuenca Amazónica transporta grandes cantidades de vapor de agua. Observaciones in situ muestran un incremento de la precipitación con la atura hasta un máximo a los 6000 mm/año en la cima de los Andes Ecuatoriales. Estos valores muy altos de precipitación se deben al efecto orográfico y la niebla permanente del bosque nublado o de neblinas (nubes orográficas). 

Al norte de 2N, los Andes experimentan 2 estaciones lluviosas al año (finales de otoño y primavera) en conexión con el desplazamiento del la ZCIT sobre el Pacifico Este. Este ciclo de 2 estaciones desaparece hacia el sur. En Ecuador y norte de Perú la precipitación  se concentra durante el otoño austral cuando la ZCIT alcanza su posición más austral. Sobre el Pacifico la ZCIT no se mueve más al sur del Ecuador porque las aguas frías inhiben  el desarrollo de la convección profunda.



The annual distribution of rainfall over tropical South

America is primarily influenced by the position of the

intertropical convergence zone (ITCZ). The main controls

of the rain space distribution are the presence of

the Andes mountains and the eastern Pacific, and western

Atlantic Oceans, the atmospheric circulation over

the Amazon basin, and vegetation and soil moisture

contrasts. Large quantities of precipitation, evapotranspiration,

soil moisture, and runoff are present in tropical

South America, as compared with world averages. The

region is a major center of convective activity, mostly

developed within large cumulonimbus clouds, from

which latent heat is continuously released into the atmosphere

thus influencing the Hadley cells and overall

global circulation (Riehl and Malkus 1958). The excess

of precipitation over evapotranspiration in the region is

such that the combined runoffs of the Amazon, Orinoco,

and Magdalena rivers account for 18.3% of the total

inflow to the world oceans (Baumgartner and Reichel

1975, 95). The Atrato River in Colombia drains 35 702
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km2 of the wettest areas of the planet, producing a mean

annual discharge of 4557 m3 s21 and an equivalent runoff

of 127.6 L s21 km22, 5–6 times larger than the Amazon.

The origin of this highly wet region over northwestern

South America lies in the low-level westerly

flow from the Pacific Ocean over inland Colombia.

These winds are colder and moister than the dominant

easterly trades from the Atlantic and the Caribbean

(Lo´pez and Howell 1967). The confluence of the two

winds, combined with the effects of surface warming

and orographic lifting, produces a highly unstable atmospheric

profile causing strong convection and heavy

precipitation along the Pacific coast and western flanks

of the Cordillera Occidental. This region is favored for

development of tropical mesoscale convective complexes

(Velasco and Fritsch 1987).
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Friaje August 1999: spread of the temperature anomaly (long-term monthly mean August minus daily average)

at 925 hPa, the level with the most prominent temperature anomaly. Arrows indicate horizontal wind. On August 16th,

the friaje reached the eastern lowlands of the investigation area.



Los Andes: favorecen las interacciones trópico‐extratrópico

 

en su flanco este
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Clima del Altiplano  bajas temperaturas  baja densidad del aire  alta radiación

EL Altiplano se mantiene con muy escasas precipitaciones durante todo el año, con excepción del verano, cuando tormentas convectivas  muy intensas producen precipitación sobre el Altiplano.

Este proceso se favorece por:

1. desestabilización de la troposfera media por el intenso calentamiento de la superficie

2. el establecimiento del vientos del altura del este que favorecen el transporte de humedad desde el interior del continente. El flujo troposférico medio del oeste durante el resto del año es lo suficientemente seco para impedir la actividad convectiva.

3. Los días de precipitación tienden a agruparse cuando la Alta Boliviana es mas intensa y se desplaza mas hacia alta latitudes.

4. Gradiente meridional + precipitación en el sector norte.





Tropical Andes from southern Peru, and Bolivia (18°S)
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Villalba et al, (2003)

Andes Centrales
de Chile-Argentina



L

H

cold

warm

500 hPa

Extratropical

 

precipitation

 

is largely produced by deep, stratiform

 

clouds that 

 develop along warm and cold fronts. The frontal systems

 

are in turn associated 

 with surface cyclones, an integral part of the baroclinic

 

waves

 

that populates the 

 midlatitudes



Los sistemas 
frontales están 
asociados con 
ciclones 
migratorios de 
superficie. Aún 
cuando cada 
sistema tiene un 
recurrido 
particular,  tienden 
a propagarse hacia 
el este a lo largo de 
bandas 
latitudinales 
conocidos como 
“lineas

 

de 
tormentas”(storm

 tracks).



Northern
Patagonia

Fuente: Villalba et al., 2003



Sobre el extremo sur 

 del continente los 

 vientos del Oeste son 

 mas fuertes en verano 

 que invierno, 

 alcanzando máximos 

 valores entre los 45 y 

 55 S.

Durante el invierno, la 

 corriente de chorro se 

 expande hacia el 

 ecuador pero es mas 

 débil, particularmente 

 a los 55 S.
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South of 40°S, low-level westerly flow prevails year round over the

adjacent oceans and the continent (albeit weaker there), in connection

with a mean poleward decrease in pressure (Fig. 2a and b). The monthly

mean charts, however, don't reflect the high day-to-day variability of the

pressure and wind observed in the extratropics; the region is populated

by migratory surface cyclones and anticyclones, an integral part of the

baroclinic eddies. The midlatitude westerlies extend trough the entire

troposphere reaching a maximum speed (the jet stream) in the upper

troposphere (Fig. 2c and d). The belt of westerlies is largely symmetric

over the Southern Hemisphere, due to the absence of significant land

masses to the south of 35°S, and has a rather modest annual cycle (e.g.,

Nakamura and Shimpo, 2004). In particular, over the southern tip of

South America and the adjacent south Pacific, the westerlies are

strongest during austral summer, peaking between 45° and 55°S.

Duringthe austral winter, the jet streammoves into subtropical latitudes

(its axis is at about 30°S) and the low-level westerlies expand

equatorward but weaken, particularly at ∼50°S (Fig. 3a).



Southern
Patagonia

Villalba et al., (2003)





Local Correlation U850 – CMAP Precipitation
using monthly anomalies (1979‐2005) 

300 hPa

850 hPa

Stronger than normal Westerlies

 

leads 

 
to rainy conditions over western 

 
Patagonia BUT drier conditions over 

 
eastern Patagonia….orographic

 
effects: enhanced upslope rain / 

 
leeside rain shadow effect 
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la cadena montañosa mas importante del HS

se extiende continuamente a lo largo de la costa oeste de SA desde Colombia (~ 10 N) hasta el extremo sur del continente (~ 54 S)

Altura máxima media superior a los 4000m  en las regiones tropicales y subtropicales. Al sur de los 35S la altura max. Media decrece a 1500 m, pero varios picos sobrepasan los 3000 m.

Es una cadena relativamente delgada con menos de 200 km de ancho, excepto en algunos sectores tropicales y subtropicales donde se divide dos o tres cadenas.

 





1.

 

Durante el verano, la baja sobre el Chaco fuerza la circulación con dirección este de 

 los Alisios hacia el sur, la que es canalizada entre los Andes y el Escudo Brasilero 

 Jet de baja altura
2.

 

Durante el verano, el calor latente liberado por la convección sobre el Amazonas 

 da origen a la formación de un anticiclón de altura, conocido como la Alta Boliviana 

 (Bolivian

 

High)
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El aire descendente (subsidencia) que mantiene el anticiclón del Pacifico Este es el forzante de la aridez y las condiciones estables a lo largo de la costa norte de Chile y sur del Perú.  La componente sur del viento sobre la costa promueve el upwelling  de aguas relativamente frias en la costa, lo que refuerza a su vez la subsidencia para mantener en balance térmico y por lo tanto aumentar la sequia regional.

Al este de los Andes subtropicales, la baja continental sobre la región del Chaco (22 S) moviliza vientos del nor-noroeste en forma de un jet de capas bajas (LLJ) con el centro localizado a 1 km de altura y 200 km al este de la Cordillera. Este LLJ transporta vastas cantidades de vapor de agua desde la cuenca Amazónica a la región subtropical del continente y alimenta la tormentas convenctivas que se desarrollan en verano en el sur de Brazil, Bolivia y noroeste Argentino, proceso que es conocido como el Monzón Sudamericano. 

 

EL contraste este-oeste de precipitación es máximo entre los 18-23 S (Atacama-vs-Yungas). 

Extrema sequedad de Atacama

1. Efecto de sombra de lluvia de los Andes

2. Fuerte subsidencia sobre el Pacifico Este de acuerdo a modelos de circulación

3. Sin embargo, los modelos indican que Andes más bajos afectan la intensidad del monzón Sudamericano y enfatizan el papel importante de los Andes sobre la distribución de la precipitación en el verano austral.

 





Local Correlation U850 – CMAP Precipitation
using monthly anomalies (1979-2005) 

850 hPa

+ -
Stronger than normal westerlies leads to rainy conditions over western Patagonia 
BUT drier conditions over eastern Patagonia….orographic effects: enhanced 
upslope rain / leeside rain shadow effect 



Los Andes: Contexto climático

La Cordillera de los Andes se extiende  a lo largo de la Costa Oeste  de América del 

 Sur con elevaciones mayores a los 4km desde la región tropical hasta los 35‐40°S. 

• Representa un obstáculo muy grande al flujo troposférico
• Es una barrera climática con distintas condiciones de humedad/temperatura en sus 

 vertientes
• Favorece las interacciones trópico‐extratrópico

 

en su flanco este (LLJ)
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Consistent with their impressive length, continuity and height, the Andes significantly disrupt the atmospheric circulation resulting in a variety of mesoscale (horizontal scales

ranging from a few to several hundred Km) and synoptic scale (>1000Km) phenomena, as well as sharply contrasting climate conditions along the eastern and western slopes and

adjacent lowlands. Between 5 S–30 S (tropical and subtropical latitudes), relatively cold and arid conditions prevail along the Pacific coast extending well into the Andes western

slopes, while warm, moist and rainy conditions prevail over the eastern slopes. This gradient reverses south of 35 S, with temperate rainy forests along southern Chile and precipitation

maxima over the western slope of the Andes, while semiarid conditions are present immediately to the east leading to the temperate steppes of the Argentina’s Patagonia.



Los Andes: efectos sobre la circulación atmosférica

Dada la extensión, continuidad y altura altera significativamente la circulación atmosférica

Fenómenos de meso-escala (pocos a varios cientos de km)

Fenómenos sinópticos (> 1000 km)

Contrastantes condiciones climáticas a lo largo de las pendientes este/oeste y las tierras adyacentes. Entre los 5-30 S (trópico y subtropico), condiciones relativamente aridas y frias prevalen a lo largo de la costa pacífica, mientras que condiciones calidas  y lluviosas dominan sobre la pendiente este.

El gradiente se invierte al sur de los 35S con bosques templados lluviosos sobre la costa pacífica y condiciones semi-aridas a áridas en el sector de la estepa patagónica.  
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In real world the relation precipitation / storm activity / 
precipitation is not so simple…
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(from Garreaud et al. in press) 
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Algunos conceptos para ir entrando en calor…

6. Relacionar los cambios inter-regionales en base a nuestro 
conocimiento de la dinámica del sistema climático



Influencia de los Andes en la precipitación de latitudes medias

Falvey y Garreaud (2005), J. Hydromet.
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RW (panel a) and Rf (panel b) over the south east Pacific ocean derived from SSM/I rain rate

estimates. RW is the mean wintertime precipitation between 1993 and 2002, and Rf is the

percentage of days in which precipitation was recorded over this time period (again winter

only). The box indicates the location of central Chile. The dashed line, determined subjectively,

indicates the region where the continent appears to begin to influence the rainfall

pattern. Panel (c) shows the maximum height of the South American topography as a function

of latitude smoothed to an effective resolution of 0.25°.



Figure 2 shows the large scale wintertime precipitation pattern over the southeastern

Pacific based on SSM/I observations. The pattern is clearly dominated by the mid-latitude

storm track that passes over southern Chile during the winter months. Central Chile (black

box in both 2a and 2b) is located well to the north of this feature, in a region of relatively

infrequent synoptic activity and rapid northward decay in winter precipitation. Evident in

both Figures 2a and 2b is an elongated rainfall maximum within about 400 km of the coast

(the western edge of this feature is identified subjectively with the dashed line) that

stretches from central Chile (30°S) to the southern tip of the continent, implying a ‘far

field’ impact of the continental orography. The enhancement of Rf in this zone suggests

that rainy systems have a propensity to be triggered closer to the continent, and/or, that

there is a deceleration (perhaps due to increased friction or topographic blocking) of

existing rainy systems as they approach from the west. As the increase in RW appears

somewhat more abrupt than that of Rf, it may be that the intensity of rainfall also tends to

increase towards the coast. It is noteworthy, although beyond the scope of this study to

investigate further, that the zone maintains a relatively constant distance from the coast

despite the large meridional variation in the effective barrier height of the Andes (Figure

2c).



Falvey y Garreaud (2005), J. Hydromet.

Influencia orográfica en la 

 precipitación de Chile Central
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Black dots in panel (a) show raingauge measurements of RW, the radius of the circle being

proportional to the RW as indicated in the legend in the top right corner of the panel. Grey

diamonds indicate the center points of the 14 Andean watersheds (Table 1). Panel (b) shows the

variation of RW with station latitude (black dots). Also shown are the lower and upper estimates of

watershed precipitation R*W1 and R*W2 (left and right edges of the grey bars, respectively). The

crosses indicate RW from three stations the Mendoza province of Argentina, whose longitudes

(from north to south) are 68.8°S, 68.5°S and 68.2°S. Panel (c) shows the variation of Rf with station

latitude. The dashed lines show the latitude limits for the northern, central and southern crosssection

plotted in Figure 4.



Mean daily precipitation (Pd) and precipitation frequency (Pf) for the supr (top row), unif (middle row)

and enhc (lower row) groups. The maps show the Pd at each station, while the central and rightmost

panels show the Pd and Pf against station latitude. The Pf at a given station is defined as the percentage

of days in which precipitation was recorded. The white square shows the location of Santiago.



The Andes: Physical  and climatic context



The period of stability — known to geologists as the Holocene — has  
seen human civilizations arise, develop and thrive

Presenter
Presentation Notes
This period of stability — known to geologists as the Holocene — has seen human civilizations arise, develop and thrive.

human actions have become the main driver of global environmental change.



Human activities are the dominant forcing of environmental changes 
at global scale
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Fig. 2. Human dominance or alteration of several major components of the Earth system, expressed as (from left to right) percentage of the land surface transformed

(5); percentage of the current atmospheric CO2 concentration that results from human action (17); percentage of accessible surface fresh water used (20); percentage of terrestrial N fixation that is human-caused (28); percentage of plant species in Canada that humanity has introduced from elsewhere (48); percentage of bird species on Earth that have become extinct in the past two millennia, almost all of them as a consequence of human activity (42); and percentage of major marine fisheries that are fully exploited,

overexploited, or depleted (14) 

The global consequences of human activity are not something to face in the future—as Fig. 2 illustrates, they are with us now. All of these changes are ongoing, and in many

cases accelerating; many of them were entrained long before their importance was recognized. Moreover, all of these seemingly disparate phenomena trace to a single

cause—the growing scale of the human enterprise.

The rates, scales, kinds, and combinations of changes occurring now are fundamentally different from those at any other

time in history; we are changing Earth more rapidly than we are understanding it.

We live on a human-dominated planet— and the momentum of human population growth, together with the imperative for further economic development in most of

the world, ensures that our dominance will increase.

The papers in this special section summarize our knowledge of and provide specific policy recommendations concerning

major human-dominated ecosystems. In addition, we suggest that the rate and extent

of human alteration of Earth should affect how we think about Earth. It is clear that we control much of Earth, and that our

activities affect the rest. In a very real sense,  the world is in our hands—and how we handle it will determine its composition and dynamics, and our fate.

Recognition of the global consequences of the human enterprise suggests three complementary

directions. First, we can work to reduce the rate at which we alter the Earth system. Humans and human-dominated systems

may be able to adapt to slower change, and ecosystems and the species they support may cope more effectively with the changes

we impose, if those changes are slow. Our footprint on the planet (54) might then be stabilized at a point where enough space

and resources remain to sustain most of the other species on Earth, for their sake and

our own. Reducing the rate of growth in human effects on Earth involves slowing human population growth and using resources

as efficiently as is practical. Often it

is the waste products and by-products of

human activity that drive global environmental

change.

Second, we can accelerate our efforts to

understand Earth’s ecosystems and how

they interact with the numerous components

of human-caused global change. Ecological

research is inherently complex and

demanding: It requires measurement and

monitoring of populations and ecosystems;

experimental studies to elucidate the regulation

of ecological processes; the development,

testing, and validation of regional

and global models; and integration with a

broad range of biological, earth, atmospheric,

and marine sciences. The challenge of

understanding a human-dominated planet

further requires that the human dimensions

of global change—the social, economic,

cultural, and other drivers of human actions—

be included within our analyses.

Finally, humanity’s dominance of Earth

means that we cannot escape responsibility

for managing the planet. Our activities

are causing rapid, novel, and substantial

changes to Earth’s ecosystems.

Maintaining populations, species, and

ecosystems in the face of those changes,

and maintaining the flow of goods and

services they provide humanity (55), will

require active management for the foreseeable

future. There is no clearer illustration

of the extent of human dominance of

Earth than the fact that maintaining the

diversity of “wild” species and the functioning

of “wild” ecosystems will require

increasing human involvement.
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The main factors, or 
‘drivers’, affecting
biodiversity.

This summary of the relative effects by  
the year 2100 is a composite derived
from calculations carried out for 12  
individual terrestrial and freshwater  
ecosystems by O. E. Sala et al. (Science  
287, 1770–1774; 2000).
Overall, changes in land use constitute  
the main estimated impact on  
biodiversity, but the pattern varies  
considerably for different ecosystems.  
According to Sala and colleagues’
calculations, climate change will  
have the strongest effect on  
Arctic, alpine and boreal  
ecosystems, whereas biotic  
exchange (that is, invasion by non‐ 
native species) will exert its main  
influence in lakes.
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Atribución de los cambios observados al cambio climatico

Expansión altitudinal del rango de una especie  aumento de temperatura sobre un límite determinado, debe ser consistente con una respuesta probable tanto del sistema físico o biológico a un determinado cambio climático regional y además no debe ser consistente con otras explicaciones posibles del cambio observado

La atribución del cambio observado al calentamiento antropogenico requiere estudios adicionales que claramente demuestren que el cambio regional documentado tiene origen antrópico. Entonces hablamos de una “joint atribution” o atribución conjunta que claramente tiene menor probabilidad de ocurrir que cada una de las atribuciones individuales.



Respuestas observadas al Cambio Climático en:

1 – Sistemas biológicos terrestres

a. cambios en eventos de primavera: brotación, floración, migración y tiempo de reproducción

b. cambios en distribución de especies

c. cambios en la estructura de comunidades, régimen de disturbio

2 – La criósfera

a. Retracción de glaciares

b . Derretimiento del Permafrost

3 – Sistemas hidrológicos

a. Desplazamientos en los picos de descarga de los ríos asociado a derretimiento mas temprano de la nieve

4 – Procesos costeros

a. Incremento de la erosion costera

5 – Sistemas biológicos marinos y de agua dulce

a. calentamiento de lagos y ríos con efectos en la estratificación térmica, la composición química y los organismos de agua dulce

6 – Agricultura y bosques
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During the Holocene, environmental change occurred naturally and Earth’s regulatory capacity maintained the conditions that enabled human development. Regular

temperatures, freshwater availability and biogeochemical flows all stayed within a relatively narrow range. Now, largely because of a rapidly growing reliance on fossil fuels and

industrialized forms of agriculture, human activities have reached a level that could damage the systems that keep Earth in the desirable Holocene state. The result could be irreversible

and, in some cases, abrupt environmental change, leading to a state less conducive to human development. Without pressure from humans, the Holocene is expected to continue

for at least several thousands of years





Conclusiones

Las consecuencias globales de la actividad 
humana no es algo que debamos enfrentar en 
el futuro, las estamos viviendo ahora.  Todos 
estos cambios están ocurriendo y en muchos 
casos acelerándose;  muchos ya ocurrían 
antes de que su importancia fuese reconocida.  
Además,  todos estos procesos se relacionan a 
una única causa – la creciente corriente del 
desarrollo humano.  Las velocidades, tipos y 
combinaciones de los cambios que están 
ocurriendo son fundamentalmente diferente 
de aquellos que ocurrieron en tiempos 
pasados; estamos cambiando el Planeta mas 
rápidamente de lo que lo estamos 
entendiendo.





The Andes are the most important mountain range in the Southern Hemisphere

The Andes are a relatively narrow range 
with a typical width of less than 200 km, 
except at subtropical latitudes where they 
split into two mountain ranges and contain 
the Bolivian Altiplano
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The Andes are the most important mountain range in the Southern Hemisphere, 

 running continuously near the west coast of South America from Colombia (10 N) to the southern tip of the continent (53 S). 

Mean maximum (peak) heights of the Andes are in excess of 4000ma.s.l. along their tropical and subtropical portions. South of 35 S the mean height decreases to about 1500ma.s.l., but many peaks reach above 3000ma.s.l. 

In contrast with their altitude, the Andes are a relatively narrow range with a typical width of less than 200 km, except at subtropical latitudes where they split into two mountain ranges and contain the South American Altiplano, an elongated, high level (4000ma.s.l.) plateau, second only to the Tibetan Plateau in surface and altitude.



Consistent with their impressive length, continuity and height, 

- the Andes significantly disrupt the atmospheric circulation resulting in a variety of mesoscale (horizontal scales ranging from a few to several hundred Km) and synoptic

scale (>1000Km) phenomena, as well as sharply contrasting climate conditions along the eastern and western slopes and adjacent lowlands. 



Between 5 S–30 S (tropical and subtropical latitudes), relatively cold and arid conditions prevail along the Pacific coast extending well into the Andes western slopes, while warm, moist and rainy conditions prevail over the eastern slopes. 

This gradient reverses south of 35 S, with temperate rainy forests along southern Chile and precipitation maxima over the western slope of the Andes, while semiarid conditions are present immediately to the east leading to the temperate steppes of the Argentina’s Patagonia.

Furthermore, the El Nino-Southern Oscillation (ENSO) and other planetary scale phenomena impact the Andean climate differently along its length. 



In this contribution, we review

the climatological features of the Andes at tropical, subtropical

and extratropical latitudes, and document some of the

weather patterns that characterize this mountain range. We

also present a physically based picture of the ENSO impacts

on precipitation and temperature along the Andes.



• Clima, tectónica y la morfología de los Andes (Montgomery, Balco, Willet-Geology 
2001)

• Large-scale topographic analyses show that hemisphere-scale climate 
variations are a first-order control on the morphology of the Andes.

• Zonal atmospheric circulation in the Southern Hemisphere creates 
strong latitudinal precipitation gradients that predict strong 
gradients in erosion rates both along and across the Andes.

• Cross-range asymmetry, width, hypsometry, and maximum elevation 
of the Andes reflect gradients in both the erosion index and the 
relative dominance of fluvial, glacial, and tectonic processes, and 
show that major morphologic features correlate with climatic 
regimes.



Montgomery et al., Geology 2001;29:579‐582
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- The presence or absence of mountain ranges at the global scale is determined by the location and type of plate boundaries. Other factors become important in the evolution of

individual mountain systems. In particular, spatially variable erosion resulting from climate gradients may localize exhumation and deformation in orogens and thereby influence

the geologic structure and morphology of mountain ranges

Uplift of the Andes began ca. 25 Ma, concomitant with accelerated convergence between the Nazca and South America plates (Allmendinger et al., 1997).



The highly variable climate of the Andes reflects its position transverse to hemisphere scale, Hadley cell-driven precipitation regimes (Fig. 1). In the Intertropical convergence zone

(10N–3S), both sides of the range receive annual rainfall exceeding 2 m·yr . In the subequatorial northern Andes (38S–158S), orographic interception of the trade winds delivers

.2 m·yr of rainfall to the Amazon side of the range and ,0.2 m·yr to the Pacific side, and westerly winds produce the opposite relationship in the temperate latitudes south of

338S. The central part of the range (158S–338S) is in the subtropical belt of deserts, where there is little precipitation on either side of the range, or on the high plateau of the

Altiplano. These major climate boundaries in the Andes are not dependent upon orographic effects, but are robust features of the general circulation in the Southern Hemisphere, and

therefore may be considered a priori conditions under which the mountain range developed.



Figure 1. A: Maximum (dark line) and mean (gray area) elevation in 18 latitude bins. Red circles are elevations of modern perennial snowline

and blue circles are lowest elevation of Pleistocene glacier extent, both from Schwertfelder (1976). B: Topography and convergence

velocity. Vectors headed in open circles denote long-term velocity of Nazca and Antarctic plates relative to South American plate (DeMets

et al., 1994); those headed in closed circles denote global positioning system (GPS) velocities at coastal sites, relative to stable South

America (Norabuena et al., 1998; Kendrick et al., 1999). C: Mean annual precipitation, overlain on shaded-relief map of western South

America. D: False-color image of South America showing areas with steep slope in yellow, high precipitation in blue. Red pixels have

calculated IE above 90th percentile relative to all pixels in image. E: Cross-range asymmetry, defined to be fraction of range volume above

sea level that drains to west: values greater than 0.5 (lighter shade of gray) indicate that bulk of range is west of divide.



Normalized hypsometric curves 
northern (red)
central (yellow)
southern (blue) Andes.
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Between 2S and 42S most of the range is to the east of the drainage divide, whereas south of 42S most of the range is west of the drainage divide. North of 2S, the inclusion of the areas draining to the Caribbean Sea with areas draining to the Pacific Ocean places most of the range on the west side of the drainage divide. Cross-range asymmetry tracks latitudinal variations in moisture delivery due to prevailing wind directions.



1. En los Andes, el patrón de erosión muestra que la zona de erosión máxima predicha está en la exposición este en el sector norte de la Cordillera y en el oeste en el sector sur.  Áreas muy pequeñas con altos índices de erosión se observan en el sector central. 

2. La fuerte asociación de la altimetría con las variaciones climáticamente inducidas en los procesos geomorfológicos demuestra que tanto la naturaleza del mecanismo erosivo dominante y la velocidad relativa de elevación tectónica son fundamentales para entender la expresión topográfica de los Andes.



Figure 2. Normalized hypsometric curves for 38 latitude bins of Andes; curve color corresponds to location in northern (red), central (yellow), and southern (blue) Andes.



Hypsometric curves, which show the proportions of a landscape at different normalized elevations, have strikingly different, but regionally consistent, shapes in the northern, central, and southern Andes (Fig. 2). These latitudinal variations suggest that fluvial, tectonic, and glacial processes, respectively, dominate the morphology of the range in these different zones



- In the northern Andes, concave-up hypsometric curves, which are characteristic of fluvially dissected landscapes, reflect the dominance of fluvial erosion in a wet tropical climate.

 In the southern part of the range, glaciers have selectively eroded high elevations, creating a shoulder in the hypsometric curves. 

 In the central Andes, the hypsometric curves are nearly linear, with a convexity imposed by the relatively flat hypsometry at elevation of the Altiplano. This form describes a weakly incised tectonic wedge and mechanically limited plateau, implying that fluvial incision is ineffective relative to tectonic uplift. This strong association of hypsometry with climatically driven variations in geomorphologic processes demonstrates that both the nature of the dominant erosional mechanism and its rate relative to tectonic uplift are fundamental to the overall topographic expression of the Andes.



Three types of climatic control on large‐scale landscape form in the Andes

Fluvial erosion in the N. Andes  
where high precipitation rates  
maintain narrow mountain  
ranges

Tectonic dominance of  
landscape form in the central  
Andes with little erosion  
except in big river valleys

Glacial erosion  
preferentially erodes
the highest ground in  
the southern Andes

The high Andes terminate at 35°S because they intersect the snowline at this latitude
The elevation of the perennial snowline tracks mountaintops 

Mill, H.R., 1892, The realm of nature: An outline of physiography: New York, Charles Scribner’s Sons.
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The tendency for the elevation of the perennial snowline to track mountaintops is well known (Mill, 1892), but the causal basis for this relationship and the relative efficiency of

glacial erosion remain more controversial. In the Andes, the maximum elevation and the snowline are greater than 5 km north of 30S, and both decrease toward the pole thereafter,

such that only a small fraction of the topography remains above the snowline at any latitude. The distinct shoulder to the hypsometry of the southern Andes also descends

with the perennial snowline. The correspondence betweeen total relief and snowline elevation supports the hypothesis that higher rates of erosion in glacial and periglacial

environments effectively limit the relief of mountain ranges (Brozovic et al., 1997). This implies that high topography cannot persist at high latitudes and that the high Andes terminate

at 35S in part because they intersect the perennial snowline at this latitude.



Specifically, we see three archetypes of climatic control on large-scale landscape form: (1) normal fluvial erosion in the northern Andes where high precipitation rates maintain a narrow

mountain range; (2) tectonic dominance of landscape form in the central Andes, where there is little erosion except in big river valleys, leading to crustal thickening by tectonic wedge

propagation, the formation of a mechanically limited plateau, and linear hypsometry; and (3) glacial land sculpting that preferentially erodes the highest ground in the southern Andes, resulting in an excess of elevation at the glacial limit and a systematic decline in maximum elevation toward the pole. The coincidence of low inferred erosion rates (on the basis of calculated IE values) in the desert latitudes and the greatest width of the Andes suggests that lack of erosion plays an important role in mass accumulation in the mountain belt.



Have  the Andes any influence over South America large‐ 
scale atmospheric patterns?

Despite its enormity, previous studies have suggested the Andes Mountains  
have only a minor influence on large‐scale atmospheric patterns over South  
America. The major stationary features, including the Bolivian High and the  
Nordeste Low, the low‐level northerly flow over northern and central South  
America, and the large‐scale precipitation are mainly products of diabatic 

heating over the Amazon Basin and are only marginally affected by the Andes  
(e.g. Figueroa et al. 1995; Kleeman 1989; Lenters and Cook 1995, 1997).

GCM experiments in which Andean heights are specified at 250 m, and  
25, 50, 75, and 100% of their modern values Insel

 
et al. (2009)
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Despite its enormity, previous studies have suggested the Andes Mountains have only a minor influence on large-scale atmospheric patterns over South America. The major stationary features, including the Bolivian High and the Nordeste Low, the low-level northerly flow over northern and central South America, and the large-scale precipitation are mainly products of diabatic heating over the Amazon Basin and are only marginally affected by the Andes (e.g. Figueroa et al. 1995; Kleeman 1989; Lenters and Cook 1995, 1997).



We present a series of experiments in which Andean heights are specified at 250 m, and 25, 50, 75, and 100% of their modern values.



Low‐level moisture transport/winds in South America  
Simulations with modern (left)  and no Andes (rigth)
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Low-level (800 mbar) moisture transport/winds in South America. a Moisture transport during the summer for simulations with modern Andes.

H represents the South Atlantic High. b Same as (a), but for simulation with no Andes



Mountain ranges are known to have a firstorder

control on mid-latitude climate, but previous studies

have shown that the Andes have little effect on the largescale

circulation over South America. We use a limiteddomain

general circulation model (RegCM3) to evaluate

the effect of the Andes on regional-scale atmospheric

dynamics and precipitation. We present experiments in

which Andean heights are specified at 250 m, and 25, 50,

75, and 100% of their modern values. Our experiments

indicate that the Andes have a significant influence on

moisture transport between the Amazon Basin and the

central Andes, deep convective processes, and precipitation

over much of South America through mechanical forcing

of the South American low-level jet (LLJ) and topographic

blocking of westerly flow from the Pacific Ocean. When

the Andes are absent, the LLJ is absent and moisture

transport over the central Andes is mainly northeastward.

As a result, deep convection is suppressed and precipitation

is low along the Andes. Above 50% of the modern elevation,

a southward flowing LLJ develops along the eastern

Andean flanks and transports moisture from the tropics to

the subtropics. Moisture drawn from the Amazon Basin

provides the latent energy required to drive convection and

precipitation along the Andean front. Large northerly

moisture flux and reduced low-level convergence over the

Amazon Basin leads to a reduction in precipitation over
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Fig. 3 Precipitation in South America during the summer (averaged over December, January, February). a Total precipitation for simulations with modern Andes. Boxes represent the Amazon Basin (AB), the Andean plateau (AP), and the South Atlantic Convergence Zone (SACZ), respectively. b Same as (a), but for simulations with no Andes. c Total precipitation over the Andean plateau region (15–26S) for different Andean heights (in percent from modern elevation). Solid gray line represents modern topography



Insel
 
et al. (2009)

Meridional 
winds, water  
vapor and  
relative  
humidity  
across
South  
America  
between 15  
and 26°S  
latitude  
during  
summer 
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El transporte de humedad a lo largo del flanco este de los Andes centrales esta fuertemente influenciado por la presencia de la Cordillera de los Andes. Sin la barrera orográfica, el LLJ y su transporte de masas humedas relativamente cálidas desaparece y el calor latente es bajo suprimiendo la convección, evidenciado por la reducción en la altura de las nubes en este sector (15-26S).  En ausencia de los Andes, los vientos prevalecientes sobre el Altiplano son siempre del Pacifico caracterizados por el bajo contenido de agua y humedad relativa en r

espuesta a las bajas temperaturas de la Corriente de Humboldt a lo largo de la costa pacifica sudamericana y la subsidencia sobre el subtrópico. 



Simulation with modern Andes indicate the formation of a low-level jet (LLJ) with a strong northerly component along the eastern flanks of the Andes, b bringing high water vapor content c and results in high relative humidity. d, e and f show meridional wind, water vapor and relative humidity for simulation with 50% Andean heights. g, h, and f same as (d), (e), (f), but for simulation with no Andes



The Andes have a direct mechanical influence on the climatology of South  
America by forcing orographic precipitation along the eastern flanks in the  
tropical and subtropical  latitudes  and on the westerly  flanks in temperate  
to high latitudes in South America

The Andes Mountains are critical to the development of the LLJ that draws  
in and transports moisture from the Amazon Basin to the Andean region.
When the Andes are absent  
1. The LLJ is absent 
2. Southward moisture transport is low 
3. Convection is suppressed 
4. Precipitation decreases dramatically along the eastern flanks of the  
Andes.
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We used a high-resolution (*60 km) limited-domain climate model with a reasonable representation of Andean topography to investigate the effect of the Andes on South

American climate. The Andes have a direct mechanical influence on the climatology of South America by forcing orographic precipitation along the eastern flanks of the

Andes, and blocking westerly flow from the Pacific.

Importantly, the Andes Mountains are critical to the development of the LLJ that draws in and transports moisture from the Amazon Basin to the Andean region.

When the Andes are absent the LLJ is absent; southward moisture transport is low; convection is suppressed; and precipitation decreases dramatically along the eastern

flanks of the Andes. The Andes also influence convection over the Amazon basin. The absence of the Andes reduces moisture export from the Amazon, and leads to enhanced

low-level convergence and increased convection and precipitation in parts of the Amazon Basin.

Our model results indicate that atmospheric flow and processes similar to modern initiated once Andean elevations reached approximately 50% their modern heights. At

around 2,000 m elevation the Andes start to block zonal flow, resulting in a reversal of dominant wind direction and a change in water vapor source over the western part of the

continent. The LLJ starts to form and intensifies with further Andean uplift due to enhanced latent heat release, increasing low-level convergence and stronger low-level

(zonal) flow perpendicular to the Andes. Local processes (local latent heating) drive precipitation for Andean elevation lower than half the modern, while regional-scale processes (transport of moist warm air from the Amazon) initiate precipitation when the Andes are higher than 50% their modern elevation.





Elevación, temperatura de la superficie del mar y precipitación en los subtrópicos

La precipitación continental depende fuertemente de la altura de la cadena  
montañosa, mientras que la precipitación litoral no está asociada a la elevación 
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General relationship among mountain elevation and observed sea surface temperature (ERSST) and precipitation (CMAP) at subtropical latitudes (21–23 °N and 21–23 °S).

For each of the geographical areas indicated atop we identified the axis of maximum terrain elevation (mountain or plateau ridge) calculated the average mountain height and the

warm season precipitation immediately to west (green circles) and east (blue circles) of the ridge. The precipitation is plotted as a function of the mountain elevation. The

precipitation to the east of the mountains, representing coastal subtropical deserts, is color coded according to the SST off the coast: dark (light) blue represent very cold (moderately

cold) conditions. Note that continental warm season precipitation is strongly dependent of the mountain height, while coastal precipitation is essentially unrelated to it.





The Andes does organize precipitation over South America and is responsible for the existence of a low level jet that feeds convection at subtropical latitudes east of the Andes



• Climate model experiments show that “removal” of the Andes doesn’t increase rainfall over the Atacama desert, but rather dries up interior of the continent

• Hyper-aridity there is much likely produced by the cold SST along the coast, and hence related with the intensification of the Humboldt current



Nubosidad  de verano sobre América del Sur 
(entre los 15 y 26°S)

A través del ascenso orográfico, los Andes fuerzan la condensación, la  
liberación de calor latente y la convección intensa
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Clouds over South America between 15 and 26S latitude during summer. a Height/Pressure-longitude profile for clouds over the Andean plateau region and the SACZ for simulations with modern Andes. b Same as (a), but for simulations with 50% Andean heights. C Same as (a), but for simulations with no Andes



Through orographic lifting, the Andes trigger condensation, latent heat release, and strong convective updrafts during the summer. The formation of high clouds that extend into

the lower stratosphere up to 150 mbar is symptomatic of these convective updrafts (Fig. 5a). Deep convection provides 65% of the precipitation. A smaller portion of the

precipitation results from the passage and orographic lifting of frontal systems, i.e., large-scale precipitation. Orographic and convective lifting along the eastern side of the Andes is

evident by the strong negative vertical velocity (omega) (Fig. 6a), indicating upward airflow.
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