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Understanding	Amazon-Andes	connec2vity		

“Rainfall	hotspots”	
Maximum	values	of	the	Amazon	basin	are	

reported	at	400-700	masl	
~	7000	–	8000	mm/yr	

Interac2ons	between	large-scale	
circula2on	and	the	topography	

determinate	a	very	complex	rainfall	
distribu2on	

Rainfall	es2mated	by	TRMM-PR	2A25	

Lima	

Espinoza	et	al.,	2015,	
WRR	

“E	is	one	of	the	most	complex	variables	
for	es2ma2on	and	measurement”	

Builles-Jaramillo	and	Poveda,	2018,	WRR	

Significant	changes	in	rainfall	intensity	have	been	
iden2fied	in	Amazonia	



Iquitos,		Abril	2012	

Changes	in	rainfall	intensity	over	the	Amazon	

March-May	

Red:	Significant	increase	of	very	
rainy	days.	A	posi2ve	shi[	is	

detected	a[er	1998	

Trend	of	very	rainy	days	(>10	mm/d)	for	the	1981-2017	period	

τ	

Espinoza	et	al.,	2018.Clim	Dyn.	

Before	1998,	mean	MAM	rainfall	in	the	
northern	Amazon	exceeded	the	threshold	
of	900	mm	only	four	)mes.	
AQer	1998:	14	)mes	

Barichivich	et	al.,	2018.	Science	Adv.	

Impacts	on	water	level	at	Manaus	
considering	the	1903-2015	period	



Red:	significant	increase	of	dry	days	

Trend	of	dry	days	(<1	mm/day).	1981-2017	period	

Sep-Nov	 τ	

Increase	of	dry	season	lenght	in	
southern	Amazon	

Fu	et	al.,	2013.	PNAS;	Arias	et	al.,	2015	

diciembre	

sep2embre	

Espinoza	et	al.,	2018.	Clim	Dyn	

Changes	in	rainfall	intensity	over	the	Amazon	

Molina-Carpio	et	al.,	2017.	IAHS	

Discharge	diminu2on	during	the	low	water	
period	(Qmin)	in	the	most	of	the	Bolivian	
Amazon	(1985-2013).	
Also	detected	in	Peruvian	Amazon	

Increasing	of	the	dry	season	lenght	is	also	expected	
in	the	future	in	rela2on	to	the	climate	change		

(e.g	Boisier	et	al.,	2015)	



Impacts on tropical forest 
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Changes	in	tropical	forest	can	strongly	impact	the	
hydrological	cycle	at	regional	and	global	scale,	

including	the	Andean	region	



Frac2on	of	mean	annual	rainfall	that	has	been	transpired	by	
trees	in	the	Amazon	basin	

Biosphere-Atmosphere	interac2on:		
Impacts	on	the	Andes?	

Staal	et	al.,	2018	Nature	CC	

PCRaster	Global	Water	Balance	hydrological	
model	(PCR-GLOBWB)	at	0.5°	resolu2on	

Tropical	Andes	are	poten2ally	most	
vulnerable	to	changes	in	Amazon	

rainforest	

Builles-Jaramillo	and	Poveda,	2018,	WRR	



Star2ng	ac2vity:	Amazon-Andes	connec2vity	

Objec)ves:	
	
Diagnose	the	impacts	of	extreme	drought	events	on	vegeta2on	condi2ons	(mainly	in	the	
Bolivian	and	Peruvian	Amazon)	
		
Quan2fy	the	Amazon-Andes	connec2vity	in	terms	of	Amazonian	evapotranspira2on,	
moisture	transport	and	precipita2on	in	the	Andes	
	
Provide	realis2c	scenarios	of	climate-related	changes	in	Amazonian	vegeta2on	and	their	
implica2ons	for	precipita2on	in	the	Andes	
	

AMazon-ANdEs	ConnEc2vity:	impacts	of	climate-vegeta2on	changes	on	the	
hydrology	of	the	Amazon-Andes	transi2on	Region	(AmAneCeR)	

		
Dura2on:	October	2018	–	September	2022	(4	years).	1M€.	PI	JC	Espinoza	(IRD/IGE)	



ANDEX	Mee2ng	in	2020	–	Cusco,	Peru	?	

With	the	sponsorship	of	the	AmAneCeR	–	Project	and	LMI	GREATICE	





Major	hydroclima2c	features	in	Peru	

Pacific	drainage:	Extreme	rainfall	related	
to	Costal	El	Niño	

Extreme	droughts	related	to	Central	El	
Niño	

“Op2mum”	rainfall	precipita2on	zones	
(7-8	m/yr)	in	‘hotspots’	of	biodiversity		

Glacier	retreat,	par2cularly	since	1970s		

Intensifica2on	of	the	hydrological	cycle	in	
the	Amazon-Andes	transi2on	region	
(extreme	droughts	and	floods)	in	the	last	
three	decades	

Lima	



Atacama	(ca	22°S)	 San2ago	(ca	33°S)	 Patagonia	(ca	51°S)	

The	south	tropical	Andes	
(Peru)	

What	is	the	role	of	the	atmospheric	dynamics	on	the	water	resources	in	high-
mountain	basins,	in	par2cular	through	(a)	localized	orographic	mechanisms	and	(b)	
climate	teleconnec2on	processes	between	global,	regional	and	local	scales?	
	
What	is	the	moisture	contribu2on	from	the	Pacific	vs	the	Atlan2c	Ocean	and	vs	the	
Amazon	rainforest	in	the	central	Andes?	How	is	the	spa2o-temporal	variability	of	
these	contribu2ons	and	its	interac2ons?		

Ti2caca	(16°S)	 Machu	Picchu	(12°S)	 Parón	(9°S)	



Wang	et	al.,	ELR	2018	


