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Water 	Cyc le 	 o f 	
the 	Bas in

Hydroclimatology
1. Precipitation	&	Recharge
2. Fresh	Inflow
Environmental	Conditions
3. Transition	Zone	– Wetlands	&	Lagunas
4. Groundwater	Storage

1

2 34
4

Conceptual	Transect

Salar	de	Atacama	Watershed



Water 	 Sources • 3H	sampling:	Consistent	
patterns	by	water	type,	
>10	years	of	repeat	
sampling	(112	samples)

• Nearly	all	inflow	to	the	
basin	is	relic

• Surface	waters	(except	
springs)	are very	
unique

• Takeaway:	Relic	water	is	
dominant	but	short-term	
climate	has	a	major	
influence	by	contributing	
recent	water	component	
of	input	– very	focused

3H
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Modern Precipitation

How	water	moves	into	the	basin	and	
through	the	marginal	zones

*value=%	modern	water	
content
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Climate Variability

Placzek et	al.,	2013

• Has	been	much	wetter	in	the	past	
• Prevailing	wisdom	is	wet	areas	→	wetter,	

dry	areas	→	drier
• But	evidence	that	precipitation	&	especially	

large	events and	drought	severity	is	and	
will	increase
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Mode rn 	 C l ima t e

Average	Annual	
Air	Temperature	
(FLDAS	Product)

Since	the	mid-1980’s:
• Basin-wide	air	temperature:	+1.0° C
• Two	major	drought	periods
• Anomalous	precipitation	since	2011
• Significant	decrease	in	Rio	San	
Pedro	flow

• Consistent	with	global	climate	
change signals

Total	Annual	Precipitation	(Station	Data)

Average	Monthly	
Streamflow
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• Remote	precipitation products	
(Spectral-derived	climatology	and/or	
interpolation	models)

• Landsat	&	Sentinel	(spectral	imagery)
• Surface	Water	Extent	(SWE)	[JRC	

data]
• Vegetation	(NDVI)	=	(NIR	- R)	/	

NIR	+	R]

GRACELandsat	
&	
Sentinel

NDVI

Google	Earth	Engine	Platform

Global	Surface	Water	Explorer

Satellite-based	Remote	Sensing

• Gravity	Recovery	&	Climate	
Experiment	(GRACE)
• Liquid	Water	Equivalent	

Thickness

https://global-surface-water.appspot.com/map
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Env i r o nmen t a l 	 C h an g e s

• Strong	responses	to	climate	variations	
• Since	major	drought:
• Wetland	extent	has	increased
• Streamflow	has	decreased
• Groundwater	storage	has	increased

Basin-wide	Assessment	of	key	hydrological	indicators

Climate is the 
dominant driver

Water	extraction	has	continued
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S ummar y
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Precipitation	Products

Average	Annual	P	– SdA	Stations	vs	Elevation	

GPM-IMERG	
Based	P

Regional	Assessment	of	Products
• Consistent	biases
• High	elevation	overestimated
• Better	overall	performance	w/TerraClimate
• Annual	magnitudes	are	important	for	water	
budgets	– different	than	seasonality



Recent	work	on	SdA	Irresponsibly	
Published Liu	et	al.,	2020	Journal	of	Cleaner	Production

Liu	et	al.,	2019	International	Journal	of	Applied	
Earth	Observation	and	Geoinformation

• Fundamentally	flawed	
methods	of	using	NDVI	
and	GRACE

• Results	and	conclusions	
should	not	be	considered	
valid or	cited



RECENT	AND	
FORTHCOMING	WORKS
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Surface	Water	in	the	
Transition	Zone

Shallow	Groundwater,	Precipitation,	
and	
Sentinel	Satellite	Multispectral	
Imagery
• 2015-present
• Hi-resolution	(up	to	10-meter)
• Short	return	period	(~10	days)



COMPARISON	OF	SURFACE	WATER	INUNDATION	AT	SALAR DE	ATACAMA
Surface	waters	have	distinct	response	and	recession	behavior	to	precipitation	events.		

Transition	pools

Punta	Brava

Interna

25

20

15

10

0

5

m
m

25

20

15

10

0

5

m
m

Interna

Transitional	Pools

Punta

Brava

Quelana
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• Investigate	trends	and	correlations	
among	surface	water	bodies,	
vegetation,	temperature,	and	
precipitation

• Key	takeaway:	Low-elevation	water	
body	extents	increased	over	the	last	
decade	(following	drought)
• Indicates	local	recharge	provides	
an	important	buffer	to	droughts	
and	increasing	T/ET



Future	
Perspectives	

● Continue	to	monitor	hydrological	changes	and	
integrate	them	into	conceptual	models	and	planning

● Explore	climate	change’s	effects	on	
evapotranspiration	and	shallow	groundwater	
dynamics

● Disentangle	the	interplay between	anthropogenic	
pressures	and	climate	change



Thank	You!
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