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Abstract. Dams and their reservoirs generate major impacts on society aadvinenmen In generaljts relevance relies
on facilitating the maamgement ofwater resourcefor anthropogenic purposebklowever damscould also generate many
potentialadversempactsrelated to safety, ecology biodiversity These factorsand the additionaffectsthat climate change
could cause in these infrastturesandtheir surrounding environmephighlight the importance of dams and the necessity for
their continuous monitoring and studihere are severatudiesexaminingdamsboth at regional and global scale®wever,
those thaincludethe South Americaegionfocus mainly on thenost renowned basir{primarily the Amazon basinjnost
likely due to the lack of recordsh the rest of the basins thie region For this reason, eonsistent database of georeferenced
dams located in South Amesgics presentedataset of georeferenced dams in South America DIXANtains 1,01@ntries

of dams with a combined reservoir volume oflT,@ubic kilometres and is presented in form ddlist describing a total of
24 attributeghat include the dasmnamecharacteristicspurposesnd georeferencedlcation Also, hydrological information

on thedam®catchmentss also includedcatchmenareameanprecipitationmeannearsurface temperatureneanpotential
evapotranspiratigmmeanrunoff, catchmenipopulation catchmenequipped area farrigation, aridity index, residence time
and degree of regulatiomformation was obtained fropublicrecordsgovernmentsecords existing international databases
and from extensive internet researEach register wagalidated individually and geolocated usimgblic access online map
browsersand then, hydrological and additional information was derived fidmidrological model computed using tHg-
droSHEDSdatasetWith this database, wexpecto contributego the development of new research in this regidre database

is publicly availablen https://doi.org/10.5281/zenodo.43156%aredesBeltran et al., 2020)

1 Introduction

Dams and their reservoirs provide continuous wst@ply for different anthropogenic necessities such as elgcyenera-
tion, water supply, irrigatiorflood control,livestockfeedor recreationThisbecomesrucial in areas whengater resources
are scarceither by seasatity or due tothe incrasing effects of climate change. Howevarmany casedams and their
reservoirare controversial because tleancause acute and chronic impaattheenvironment andlso in thenearby human

settlements These impactare generally well known anihiclude the modification of aquatic anderrestrialecosystems
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reduction of biodiversitychanges in the morphology of river systenhagradation of water qualignd characteristics|ter-

ations in sediments and nutrientsatiarge changes in seasonal hydrologicadimes themigration of human settlements or

changesn landuse patterngBarbarossa et al., 2020; Bednarek, 2001; Nilsson et al., 2005; Pekel et al., 2016; Stoate et al.,

2009)

Due to theobviousimportanceof dams and their reservoirs, continuous monitodnd resourceseeds to beedicatedn
thesestructuresThe importance of dams and reservaiso makes them relevant for reseafabr.example there arestudies
thatasses or propo® improvemeng onconstructionrmethodsor dams(Ladd, 1992; Noorzaei et al., 2006; Xu et al., 2012)
examine improvements anonitoring the structural healir safety &the dam(GabrietMartin et al.,2017; Li et al., 2004;
Sjodahl et al., 2008)r evaluatetheir behaviour during seismic or failure eve(dfonso et al., 2005; Zabala and Alonso,
2011) Reservoirs associated with dams are atdevant for instancepy examiningthe effects, impacts and management
alternativef sediments flugs(Dai and Liu, 2013Kondolf et al., 2014)Usually, these studies require knowing a minimum
set of characteristics of the damgludingtheir location and imost of the caseseed to bencludedinto hydrological models.
The influence and effects of dams on their surding environments is also relevant for reseaFan.instance the impact
caused bydams andeservoirs on watesupply (Biemans et al.2011; Bouwer, 2000; Khalkheili and Zamani, 200@e
potential effects of climate changa altered river network@®all et al., 2009; Nilsson et al., 200%)e prospective scenarios
that climate change could cause on irrigation w@éravezlimenez et al., 2015; Elliott et al., 2014; Garrote et al., 2018)
repercussions of dams on water resources and biodivéBsjarano et al., 2017; Liermann et al., 2012; Voroésmarty et al.,
2010)or the hydrological alteratioraused by dams and reservdBstalla and Go, 2004; Ibafiez and Prat, 1996)

In South Americarelevant tudies about danet afull regional scale are rather scarce asdally focus on aquatic biodiversity
conservatior(Barletta et al., 2010; Reis et al., 2008)iver segmentatiofCastello et al., 2013; Fearnside, 2001; Latrubesse
et al., 2017; Roberto et al., 200)din most of the casdbeir conclusionsighlight that potentialnegativeeffectsof dams
arelow to moderateHowever, these studies generafiyesent two important limitations when trying to reach a full region
scale first, thes focus only on the most relevantmnownedasins such as the Amazdtgrana La Plata or Orinocoand
secongtheseonly consider a limited amount of dam records.

There are several published dam databases that indimtmation fromSouth AmericaThe largest and most recognized
database is the Wd Register of Dampublished bythe International Commission on Larfams(ICOLD, 2020)which
reports 1,922amsentriesfor South Americanonetheless, thigatabasds na georeferencedvhich limits its use AQ-
UASTAT database was presented(BAO, 2015)ut ithas not been updated since 2@h8 for South Americi only reports
344 entriesof georeferencedams Finally, another relevant databasdhie GRaNDdatabaséLehner et al., 201Which has

been updated for the year 2019 and account34®geolocatedlamentriesfor South America.

Here, we present an extensive and revised database with 1,010 registers of dams in South America, including information o

their identification, the dam main characteristics, the dam purposes and their spatial |édstioib.includes hydrological
information derived from theHydroSHEDSdataset(Lehner et al., 2008)atchmentarea mean neasurface temperature,

mean precipitation and mean potential evapotranspiration from the Climatic Research Unit (CRidYisdataséHarris
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et al., 2020) mearnrunoff from the University of New Hampshire Global Runoff Data Centre (GRDC) composite runoff field
(Fekete et al., 2002xatchmentpopulation data from the Global Ruaban Mapping Project (GRUMRCenter for
International Earth Science Information Network CIESIN et al., 2@Htghmenequipped area for irrigatidnom the Global

Map of Irrigated Area datasé€Biebert et al., 2005aridity index,residence time and degree of regulatibhis database has

been developed to provide researchers additional information on damse s er voi r s a m&outth Amescd, c a't
with the expectatiorto furtherpromoteresearcton dams, hydrologwyater resourcegcologyenvironmental science, geog-
raphy or sociologgither on a local, regional or global scale

This database igublicly available free for use inttps://doi.org/10.5281/zenodo.43156FaredeBeltran et al., 2020)

2 Data description
2.1 Study Area

The study area is thmntinent ofSouth Americand include#\rgentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guyana,
French Giang Paragay, Peru, Suriname, Uruguay and Venezuela. A tothlddfOcatchmentsvereconsideredvhich drain

an area ofapproximately5,283000km? anddischargeheir watergo both the Pacific Ocean and the Atlantic Océ&&ithin

each of thé catchmentsnecessary observations were madacmuratelocatedams with their respective reservoirs

The study area is diverse and full of contrasts due to its unique geogragsample, the Andes mountagrga continuously
seismic region thatavers the entire west coast of the continent, the Amazon rainforest in the central part of the continent,
large semiarid plains in the southeastl alsche Atacama desert, which is a region of extreme aridity in the southmvtres.

Andes we have the gsence of large glaciers that mostly drain east to form several rivers, including some of the largest in the
world such as the Amazpthe Parana Rio de la Plataand the Orinoco river. On the east coast of the contittergexist

humid mountain formadns that extend from Venezuela to northern Brazil.

The climate on the continent édversemainly due to its size and topography, but also due to its wind patterns and ocean
currents. Around the equator, climate can be considered mainly as tropicalrartiviith large amounts of rain, which
decreases while miang further north and south of the equator, where different weather pattefoand In the southern part

of the continent, the humid winds of the Pacific Ocean provide rain to several areas in the coastwhichisgeblocked

due to the Andemountainsandcauses low precipitation around the year in the Patagonia region in theasiuThe climate

within the Andes mountairis characterized as dry and c@ddcovers the highest mountains with snow all year round. The
driest region in the continent is the Atacama Desert due to its almost zero humidityisdadéted in the ntn of Chile and

the south of Peru.

Climate diversityin South Americds alsodue tothe occurrence oseveral interannual and interdecaldabescaleclimate

events For examplethe fEl Nifio Southern Oscillatian(ENSO) which is &acific Ocean sesurface temperature (SST)

eventthat fluctuates from warrffiEl Nifiod) andcold (ALa Nifiad) phasesandoccursin periodsof betweertwo to seven years
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The ENSO caussdisruptions ofprecipitation andemperaturén thecontinentand isoftenconsidered as the major source of
interannual climate variability in most of South America

I n general, the AEI Ni fod0 causes | ow precipitation over
region and high temperatures ovepioal and subtropicareasAlso,th e fi E | Ni foo6 is often asso

events like droughts in the Amazon rainforest and the rearsh of South America, but also to flooding events in the tropical
west coast and the soutlast of the entinent(Cai et al., 2020; Hao et al., 202@n the other handy La Ni Tad gen
causeshe opposite precipitation and temperature events for the samé@agssaud et al., 2009)

Otherregional climate eventsn South Americdike the sessurface temperature (SST) anomalies in the tropical Atlantic
(Garreaud et al., 2009; Jimérglufioz et al., 2016xhe Pacific Deadal Oscillation (PDO)Nathan and Steven, 2002y the
Antarctic Oscillation (AAO) and the North Atlantic Oscillation (NA@arreaud et al., 2008)so play an important role in

the variability of South America climate.

2.2 Data sourcesind assessments methods
2.2.1 Compilation of preliminary information

A preliminary compilation oflataregarding dams and reservoirs in the continent was first carried out to sevasésprior

to the creation of this databadr this, two types otibliographic sources were used: fidams and reservoirs information

from currently publishedlatabasesand secondiecordsavailableabout damsreservoirsand water resourceom govern-
mentsand other official sourcefn the first case, we uddéwo well-known open access databases of dams and resetkeirs:
GRaND database (http://globaldamwatch.org/grand/, last access: 23 May 20&@) the AQUASTAT database
(http://www.fao.org/aquastat/es/databases/dams/, last access: 23 MayrR@2®xsecondase ,we foundthatmanygovern-

ments keep upo-date and comprehensive records of their water resources including dams and rebtemweirsr, there were

casesn which official informationis not availableTable 1 details thpublic source$rom which mat of the information was
obtained for each of the countries.

After an extensive review, we determined that georeferenced information about dams in this continent is limited. This is one
of the main reasons why we aimed to develop a new database thdé#alithe current consistent information available. We
proceeded in three stages: first, we collected all the available published information on dams and reservoirs; second, we con
pared and validated this data with the existing information available lfsoah and national governments; and finally, we
determined the geolocation of each point. This information has been processed and we carried out an extensive data validatic
and error checking, elimination of duplicate or inaccurate entries and commletidarmation where possible.

First, we researched for the most relevant databases of dams and reservoirs available and found three consistent results:
World Register of Dams from ICOLD, the GRaND database and the AQUASTAT database of damseAfigatlinspec-

tion, we discarded the ICOLD database because even though it is widely considered as the largest database on dams with o

57,985 entries worldwide and 1,922 dam entries in South America, it is not georeferenced nor it iscarcegsedabase,
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which limits later validation of our results. Then, we inspected the AQUASTAT database (which has not been updated since
2015) and colleetd detailed information of more than 14,000 dams; nonetheless, in the case of South America the list consists
of 1,964 dams of which only 344 entries are georeferenced. Finally, we examined the GRaND database which presents 7,32
entries, however, only 343 of those entries correspond to South America.

Once initial information was collected from opaccess dataBas to assemble our preliminary list, we examined public rec-
ords available from local and national governments in each country. We compiled them in order to compare this data with oul
preliminary list, data collected from governments and other public s®is@vailable in different formats and in most cases
required different types of approximation and treatment to obtain results. Each dam record was compared individually and ir
the case of correspondence it was accepted, in the case of countries wiidneok&ind available public reports, we compared

and verified our preliminary records with information available on the intefo@isingon dams withreservoir capacity

greater than one cubic hectometre, although some records with sreadieroirvolume were included as thesmuld be

verified in a reliable manner.

Finally, a supplementary searchthe internet was performed exclude gaps, mismatches or errors.

2.2.2 Geolocation oentries

Once we compiled and verified our preliminary listdaims and reservoirs, we proceeded with deolocation oéach indi-

vidual record. First, we verified and corrected the data of the preliminary list and then we carried out a second geolocation
assessment for our final database using public access onlmbrowasers like Google Earth (https://earth.google.com/web/,

last access: 23 May 2020), Bing Maps (https://www.bing.com/maps, last access: 23 May 2020) and Open Street Map:
(https://www.openstreetmap.org/#map, last access: 23 May 2020).

Although these mabrowsers do not provide us with the analytical capabilities of Geographic Information Systems (GIS) files
and programs, these products are operative when visually searching for geographic locations and landmarks, as well as provi
ing data that is often up date.

In most cases, it was necessary to carry out extensive examinations for each dam since there were cases in which the name:
the dams were not sufficient reference to locate them, thus, it was necessary to use additional references saahbgs the
cities or villages, the reservoirs hames, rivers names, or secondary or alternative names of the dams.

The coordinates in this database are described in decimal degrees using the WGS84 reference coordinate system.

2.2.3HydroSHEDS

To perform the analysis of the daratchmentsthe HydroSHEDS(Hydrological data and maps based on SHuttle Elevation
Derivatives at multiple Scaleg)ehner et al., 2008Jataset was usedhis productallows users access twnsistent hydro-
graphic iformation on a regional scale at a resolution of 15 arc seconds and was derived primarily from the Shuttle Radar

Topography  Mission (SRTM). The dataset information was obtained from the public site
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(https://www.hydrosheds.org/downloads, last access: 232029 in raster format antbr this project wautilized 3 layers:
void-freeelevation, drainage direction and flow accumulation.

Once each dam location was verified and accepted, each location point was aligned accordiktydoo®idEDSraster
datasefLehneretal.,2008) n or der to determine the damsé catchments.
was computed by applying tkd®86algorithm. Second, the ridge cells between catchments were identified to delineate them.

Finally, the catchment areas were calculated by counting the contributing above cells to each dam.

2.2.4 Climatic Research Unit (CRU TS 4.03) timseries dataset

Surface climate variables are commonly used inputs in studies like agriculture, ecology and biodiversity. For this reason, near
surface temperature (NST), precipitation (P) and potential evapotranspiration (PET) mean monthly values from 1901 to 201¢
are inclued for each dam catchment in this datab@bés datawasderived from the Climatic Research Unit (CRU) time

series datasdHarris et al., 202Qwhich ishostedby the UK's National Center for Atmospheric Science (NCAR)itis

produced byhe University of East Anglia's Climatic Research Unit (CRUis dataset is a commonly used higlsolution

gridded dataset and has been compared favouralilyotbier climatic datase{Beck et al., 2017; Jacob et al., 2007)

First, the datasets for each variable were downloaded in netCDF formats for monthly periods from 1901 to 2018. Then, thes
files were converted, resampled and alignedintb g f or mats i n order to match the
computed théong-term mean monthly values for precipitation, nsarface temperature and potential evapotranspiration for

the complete time period (1901 to 2018) and for each of tkesd@ c at c hment s

Thisdataset is provided in a resolution of Gdggrees by.5degreegrid, it covers theSouth Americaontinentfrom 1901 to
2018andis derived froma periodic interpolation of data from a network of meteorological statibims NSTunits are ex-
pressed in degrRREmits@eih exprassed if roilldetres pehneonth (mm/month) an®Eiunits are
expressed in millimetres per month (mm/month).

For this database we ust@ version4.03 which is provided by the Center for Environmental Data Analysis (CEDA) website

(https://crudata.uea.ac.uk/cru/data/hrg/#current, last access: 23 May 2G2Qet@DF format.

2.2.5 University of New Hampshire Global Runoff Data Centre (GRDC) composite noff field

A basic requirement in the assessment of water resource systems is monthly runoff data. For this, the mean monthly runo
data for each dam was also includedhis database. We uséte University of New Hampshire and Global Runoff Data
Centre(UNH/GRDC) Composite Runoff field v1.(ekete et al., 2002)vhich is often regarded as the best available runoff
dataset for large scalrodels(GonzalezZeas et al., 2012; Lv et al., 2018he GRDC dataset combines observed river dis-
charge information with climatdriven water balance models in order to develop consistent composite runoff fields. The
method applied in this product uses selected gauging stations data archives to a simulated topological network and compar

them with outputs from water balance model (M)Bsimulation performed by the authors.
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The runoff dataset for South America was downloaded from the data product site ingii@brmatsin a resolution of 0.5

degrees by 0.5 degreedién, the file was converted, resampled and aligned in ordertbbmatch e dams & cat ¢ h|
Finally, the mean monthly runoff data for each dam catchmeag derivedThe units of runoff are expressed in millimetres

per month (mm/month).

The dataset was obtained from the product public site (http://www.compositesunoff.edu/, last access: 23 May 2020).

2.2.6 Population data from the Global Ruralurban Mapping Project (GRUMP)

Demographic data is usually a necessary input for studies that include urban or rural information on water resources asses
ments. Populatiofor eachof thedans 6atchmergis included on this database and was derived from the Global bl
Mapping Project (GRUMP{Center for International Earth Science Information Network CIESIN et al., 20h&)GRUMP
datasets provided by the Socioeconomic Data and Applications Center (SEBAC)ffers different georeferenced popula-
tion datasets at continental, regional and national s€hle.dataseis often used as baseline for studies that require-large
scale maps of ban or rural areg$-lorczyk et al., 2020; Mcdonald et al., 20&hd is based on polygons defined by the extent
of the nighttime light imagery and approximated urban extents from grinased settlement points.

The datasetvas downloaded from the data prodpablic site (https://sedac.ciesin.columbia.edu/data/collection/grutinp
last access: 23 May 2020) in A3@rmat in a 30 arc second resolutidre files wereconverted, resampled and aligned in
order to match t he dthembespopulatibnewasmemputedrfoo eaehl dam catohdidr.units of
population per dam catchment are expressed irbeuwf people.

2.2.7Equipped Area for Irrig ation from the Global Map of Irrigated Area dataset

The equpped area for irrigation (EIA) foreachf t h eatcnaerdweie extracteffom theGlobal Map of Irrigated Areas

dataset provided by the Food angrisulture Organization of the United Natiof&iebert et al., 2005yhichis often used to

provide valuable information about irrigation in hydrological mo@&lsser et al., 2008 his dataset is a global scale dataset

of irrigated areas based on cartographic information and FAO sta#istics was developed by combining suditional irri-

gation statistics with geospatial imfoation.

The EIA data was downloaded from the data product public site (http://www.fao.org/aquastat/en/geotpatial
mation/globalmapsirrigatedareas/, last access: 23 May 2020) in ASgltl formats, then, the file was converted, resampled

and aligne in order to match the dams catchment model, and then the equipped area for irrigation for each dam catchmen
was computed. This dataset is presented in a resolution of 0.5 degrees and it is presentedgndd¥8@hats. The units of

EIA are expresseith hectaregha).
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2.2.8 Aridity Index

The aridity index (Al) is a useful indicator to evaluate kiegn climatic water deficiencies on a region. For this study, we
determine the Al for each dam catchment using the methodology proposed by UNBSEP et al., 1992)vhich is repre-
sented by:

" v

00 ﬁY [1]
WhereAl; is the aridity index for each dam catchmdnis the mean annual value of precipitation for each dam catchment
(mm/year) andPET is the mean annual potential evapotranspiration for each dam catchment (mm/year). The aridity index is
unitless. Both the m@aannual precipitation and potential evapotranspiration values are derived from the CRU thtaset
units for both P and PET values are expressed in millimetres per year.
In general, higher values of Al represent humid climates, while lower values rpdeg®r arid climates. Aridity indexes
are commonly classified based on the following subtypes: kypei d (Al <0.03) , ardartl (0.
(0. 200A1 <0.50), subhumid, ((PauretaDR280. 65) and humid (Al O

2.2.9 Residence Time

The residencetime (RDr té&& ofagwat er, is a common indicator used t
sediment transport, water quality or flow pathways of a catch(Maguire et al., 2005; Vorésmarty et al., 200Bhis indi-
catorusually refers to local conditions in a single reseraail isusually represented by:
v 1 Qi QiLuEENdi a Q 2]
QQxd Q@ a6 aQ

WhereRT; is theresidence time for each reseryo@servoir volumgs thevolume of theeservoir, anddischarge volumes

the average discharge volume per yaach dam If reservoir volume is expressed in cubic kilometresthscharge volume
is expressed in cubic kilometres per yeasidence time is expressed in years.
For the annual discharge volume, we usedrtf@mation from the GRDC composite runoff field dataset and the area of each

dam catchment which was derived from the HydroSHEDS dataset.

2.210Degree ofRegulation

The degree of regulation (@MR) provides a first approach to assess the potential ingbaeservoirs on their downstream
network.This index measures the degree of flegulationthata dam or a cluster of darnan cause oa river network This
regulationalters the connectivity of the streams and can cdisseptionson seasonal flowmvents or can reduce the transport
of sediments or species though the river netvGuill et al.,2019; Lehner et al., 2011)
In order to determinthe DOR index, we followed the methodology described (rill et al., 2019)andcomputed the DOR
index for each dam location based on the relationship between the accumulated reservoir volume and the total annual floy
river at each damds |edinapercentage.andishepresentedlye x i s det er mi n

8
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WhereDOR is the degree of regulation index for each stream reaekervoir volumgis the reservoir volume of the dafns

locatal upstream or the stream reach is the total number of upstream dams, disg¢harge volumes the average discharge
volume per year at the stream readror this study we used a minimum threshold of 2&istinguish betweefreeflowing

rivers (Dynesius and Nilsson, 1994hd alspwe restricted he DORvalue to 100% to limitnulti-year reservoirs to the same
maximum DOR(Lehner et al., 2011)

We extracted the river netwoftom theHydroSHED Sdatagt and definetherivers aghestreams that exceeded an upstream
catchment area of 1. For the annual discharge volume, we used the information from the GRDC composite runoff field
dataset and the area of each dam catchment which was derived fitdpdth8 HED SdatasetReservoir volume is expressed

in cubic kilometres and the discharge volume is expressed in cubic kilometres per year. The degree of regulation is expresse

in percentage values.

3 Results
3.1 Dams and Reservoirs

Once the review, refiment and processing of the datasconcluded, a total of 1,010 daemtrieswere accepted for our
databaséFigure 1) Thisrepresents a noticeable progress in the identification and geolocation of dams in the region and thus,
enables thepportunity for new research that allows a more precise understanding of the water resources systems in the regior
After a comparison with other databases, 8iGieswere similar to the AQUASTAT an@RaNDdatabases; however, they

were included in our dabase since the 1,0&dtrieswere inspected and verified following the same procedure described in
previous sections. Additionally, this database increasesediiesnot only as a total regional number but also increases the
number ofentriesper county, which means that with this database we also expect to contidnees research in study areas

that have not been considered to date due to the absence of reliable information. Table 2 datailsstheour database for

each country consideredtims study, including a comparison with the AQUASTAT &@RaNDdatabases able 3 describes

the 24 variables processed and accepted for this databhseestimated total reservoir volume of this database is 1,017 cubic
kilometresandthe largest reservobelongs to thé EGurid dam in Venezuela with an estimated volume of 135 ckilie

metres

We also present an analysis on the implementation of dams in South America. This analysis is shown in Figures 2a and 2!
Our results show that the largest numtiedams were built since the 1960s, a period in which more than 70% of the dams on
the continent have been built. Similarly, the greatest increase in storage capacity occurred between the 1970s and the 199(
which suggests that the largest projects wemglemented in this period, including tREl Gurido dam In the case of dams
implemented by countries, we can observe the relevance of Brazil, the country with the highest number of dams in our databa:
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with more than 50% of records. This predominancess séen in the totatorage volumesince Brazil has more than 60%

of the total volume of storage reported in our database, probably duevistaeount of water resources in this country.

3.2 Hydrological Information

The model derived from thdydroSHEDSdataset allowedsto determine theatchmenareas othis databasevhichwere
necessaryo carry out the subsequent hydrologicalculations The accumulated area of tHam® catchmentss approxi-
mately14,855192km? with an averageatchmenbf 18,385kn?. The largestatchmenbelongtothefi Ji r auo dam i |
with an estimated area of 962,7@22. Table4 describes the variables processed for the hydrological information included in
this database.

Figure3 presents the annual valules NST, P,PET and runoff estimated for each damtchmentBoth in the case dfIST

and P, higher valuesould seem to benostly located near the equator, while PET higher valuesare noticeablén the
northeast of Brazilln the case of runofffalues are scattered and there is no evident predominance, except for higher values
localizedin the southeast of Brazil.

Figures 2c andda represent the values ehtchmenpopulationper each dam catchment. We observe a clearemion be-

tween these attributes, with larger catchment areas corresponding to larger popléitiongh this trend by itsels ex-
pected,figure 4asuggests a strong population pressure on downstream catchmbicts is mainlyinflicted by upstream
populationcatchmentsi-or example, theYayretdyacyretd' dam has the largest population with more than 55 million people.
However, thisvaluecomes mainly due to theccumulated population of upstream catchments, incluthaditaipultaipd"
damcatchment ppulation ofalmost 49 million peoplayhich in turn also receives most of its large catchment populfation
upstream catchmentBigure 4 presers the equipped area for irrigation for each dam catchment. The dam with the largest
equipped are for irrigationcorrespondt oYadyreteyacyretd dam catchment dam with more than 930,00€ctaresof

equipped areas for irrigation

Figure 21 and 4adescribehe number of dams per aridity index type and per country. In this case, we observe thatatmchs

in arid areas are mostly located in the southwest of the continent, especially in Argentina, Chile and Peru. Mostlgignificant
we observe that two dams: O6Austral 6 a naldate&hithdeaseadatcha 8 h a
ments located in humid areage observe that most of these dams are located near the equator, largely due to the high precip-
itation values in this region.

Figure 2 describes the relationshgd runoff and residence time per dawWie observe a clear relation betwdabese two
attributes with reservoirs with larger specific capacigrrespondindgo catchments with lower runoff valuéghis indicates

an Oexpect edd mpseafthedamsmaour databakdrom targe reservoirs located in regions with lavailable

water resourceareasiket he o6 Cocorob-6 dam in Brazil o the appositsidelwe s Ma
observesmallreservoirsan large water resourceseadiketheé Chi sacaé danheé Suxobombhadodar
Figure 4d describes the residence time for each dgain, if we visually compare this figure with figure 3de observe a

clear relation between the residence time and runoff, withregjdence time values located in areas with low runoff areas.

10
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Finally, figure 2f provides information on the DOR index in the rivers of South Ametassified by river flow category and

level of regulationThe river flow category refers to differentlvas of average mean flo®@ur results indicate that the regu-

|l ation effects of reservoirs are more evident in ®Blhe ri
in the region, these are the rivers with a DOR>=2%, correspondath flow rivers. The DOR affectation decreases as the
mean river flow increases, which is observed in very large average flows, whose level of DOR affectation is less than 1%.
Rivers with multi annual reservaoirs, this is streams with a DOR=100%, aremaguent in small flow rivers, with more than

27% of the total observationBigure5 shows the degree of river regulatiointhe reservoirs of the DDSA database for the

faffect e 8auth Amesica.r s o f

4 Data limitations and uncertainties

The information provided in this database cannot be considered error free since it has been prepared using the informatic
available at the time of its elaboratidhshould also be noted thalthoughour database was created indeanly, through

an individual investigation and baspdmarily on reports and documents available from each of the countries in the region,
the database may include attributes of dams thatat® reported bytherexistingdam databases such as ICOLAR-
UASTAT andGRaND

Hydrological inputs provideth this databasalso need careful interpretation to avoid misleading interpretations. First, the
resolution of the hydrological datasets used in the DDSA database could affectuhacy of resultor smadl catchments
Although all the datasets considered in this datahase beetargelyvalidated for largescale or regional assessmantxdels
(GonzalezZeas et al., 2012; Lv et al., 2018)e suggest caution if the intention is to use these raautEtchments with an
area smaller than the cell size of each dataset

Our results regarding aridity index, residence time and degree of regudiameedto be interpreted with cautioRirst, our

results are intended to assess usedcarefuhaifimselddeddfa othertymeohassess-a n d

ment. Also, in the case of the DOR index, tharemanyimportantinputs in our assessmeahich have not been considered

andmayalter theassessmemesults th

ioRor examplegiven

the scale of this studwe are not considering information about lowater usespecificstream characteristics relevant and
updated urban informatioAlso, eurDOR-assessmedbesnot-considetwo relevant inputs were not consideriecbur DOR
assessmentnidentified small reservoirs andthe reservoid acive storagenstead of total reservoir storagehese inputs

should be considered in order to obtain more accurate resttis flowregulation butverenot consideredue to the absence
of this information which-ceuld-alter-thefinal-resultd-urthermorethe impacts of river regulatioalsodepend on avide

range of factorse.g.local or internationalvater managemeipolicies, which have not been consideedttier. Altogether, we

consider that despite the aforementioned uncertainty factors, our results give a consistent first approximation aésese ind

at a regional scale.

11



Finally, in order taassess the robustness of our DOR assessmetwacted a sensitivity analysig comparing our findings
340 with the results determined I§rill et al.,2019)i n t hei r manuscr i pt-f l6dvwaipmp dDoRyiFRRdres v o
Figure 6 compare409 stream matchdsom both studiesnddeterminesa strong correlation (r=0.702) between our results

and theDoR_FFRmanuscriptThe correlation resul@re more evident on large and very large rivers

5 Data availability

The Database of Georeferenced Dams of South America (DDSA) is a joint effort of researchers from the Department of Civil
345 Engineering: Hydraulics, Energy and Environmerthef Universidd Politécnica de Madridnd theCivil Engineering Career

of the Universidad Técnica de Ambatbhe DDSAdatabase is available for both researchers and the general public through

the ZENODO open access repositdritps://doi.org/10.5281/zenodo.431564%arededBeltran et al., 2020Wwhere we have

detailed the contact informatiari the authorsin order to receivanyvaluablecontributionwhich could allowusto improve

our database.

350 6 Summary

The database of georeferenced dams in South America (DDSA) has been deeatop&ibuteto the improvement of water
resources management in the regidme Pprovision of reliable, highesolutionandavailable data on dams and reservuiils
contributein the assessmerdf freshwater ecosystenand communitie®oth forpresent and futurscenariosn this region
which to this datehavebeen restrictedb a limited number ofatchmentglue to theabsencef available informationand
355 thus, contributing to generate more informed decisi@king processes in order to safeguard the future sustainability of the
communities in this region.
The 1,010entriesof dams present a total oft attributes Each record has been included in the list after an individual review
and its position has been determined considering public digital terrain models. In addition, the database alsonpesvides
montly hydrological informationWith this increased spatial coverage and attribinfesmation this database could be used
360 as a baseline for further studies that address relssmsegardingdams hydrology, ecology and people in the regidiso,
with the inclusion of data for all the countries in the contimenglso expect to contribute to andapth comprehension on
the hydrological and environmental dynamiosthe entire continentandencouraging thgeneration of knowledgie areas
that havenot been considerdd past studies
One of the main goals of this endeavour is to foster the research of water resources in South America. To achieviedhis object
365 we consider that we must make the necessary efforts to keep our database relegamtetm#tional hydrology community.
For this, we believe it will be necessary to keep our database updated, and also, include additional information regarding
hydrology and water resources management in future versions of our daFaliase dams are erof the topics we need to

observeto maintainour database updated. In recent years, several South American countries have made public their intention

12



to develop new dam projects, mainly for hydroelectric generéfibneida et al., 2019; Anderson et al., 2018; Moran et al.,
370 2018; Zhang et al., 2018)Ve have identified?45574 future projectsn South America, 61 under construction for 2020 and

184513projects planned to be developed in the future. Supplementary Table 1 details future dams in South America identified

by country, namandimplementation phase.

Monitoring the developmerf future dams in South America is necessary due to the relevance of these projbetecal

and regional scagelt isnot likely thatall projectdistedin Supplementary Table 1 will be carried out due to different economic,
375 social or political factorgAnderson et al., 2018However thelikely ecological or social impacts that these projects/

causeg(Doria et al., 2018; Lees et al., 2016; Winemiller et al., 20Gdghlight the necessityor the international hydrological

communit/ to be conscious of the status of these projects.

Similarly, we consider thduture versions of our database may be extendedaaititional attributesFor example, infor-

mation such as outflows of dams (discharge time series) or egemngyation data from hydroelectric dams (energy generation
380 time series), could also be included in the future. However, to date, including this type of information on a contitental sca

represents a significantly great effort due to the ladkeadlily awailableinformation on water resources in mesuntries of

the region.There are countriesike Brazil, which make publictheir relevant information about water resources and energy

generatiorthroughtheir official agenciese.g.the National Agency diVater ANA (https://www.ana.gov.br/sar/sin, last access:

9 Nov 2020), and the National Electric Energy Agency ANEEL (https://www.aneel.gov.br/siga, last access: 9 Nov 2020)
385 Then againother countries of the region keep this information restricted or ¢eetidavhich makes it difficult tacomplete

these attributes for the entire database

Finally, the data presented in thistabasés largely based on opeatcess information available to date, therefdreyaluable

support of both public institutions atitk international hydrology community will be necessaryefgendingfuture versions

of our database. This will allow us to keep our database relevant, which in turn will support the development of futtire resea

390 initiatives on water resources in the iey
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Table 1: Available publicdata records of dams per country

AVAILABLE PUBLIC INFOR- NUMBER OF | GEOREFERENCED "
COUNTRY MATION ENTRIES INFORMATION REFERENCE
ARGENTINA Inventario de Presas y Centrales Hidroel{ 31 No (Subsecretaria de Recursi
tricas de la Republica Argentina Hidricos, 2010)

BOLIVIA Inventario Nacional de Presas Bolivia 287 Yes (Programa de Desarrollc
Agropecuario Sustentabl:
(PROAGRO), 2010)

BRAZIL Mapalnterativo das Barragens Cadastra¢ 18,880 Yes (Agencia Nacional de Aguas, 201¢

CHILE Directorio de Presas 107 No (Comite Nacional Chileno de
Grandes Presas, 2019)

COLOMBIA ISAGEN - No (ISAGEN, 2020)

ECUADOR Various web pages - No (ElecAustro, 2020; Hidroabanicc
2019; Instituto Nacional de Pesc
2020)

FRENCH GUIANA | Not available - -

GUYANA Not available - -

PARAGUAY Not available - -

PERU Inventario de Presas en el Pert 743 Yes (Autoridad Nacional del Agua
2016)

SURINAME Not available - -

URUGUAY Not available - -

VENEZUELA Other - No (Instituto Nacional de Estadistice
2020)

* The data records of each country website links are detailed in the reference ¢
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Table 2: Number of new darentriesper country

OTHER DATABASES NEW ENTRIES
COUNTRY DDSA
GRAND AQUASTAT S'M'#gRDED'\S';TA'f'ES PER COUNTRY
ARGENTINA 107 35 0 35 72
BOLIVIA 66 3 56 57 9
BRAZIL 507 182 0 182 325
CHILE 73 10 0 10 63
COLOMBIA 58 24 16 33 25
ECUADOR 21 6 2 6 15
FRENCHGUIANA 2 1 1 1 1
GUYANA 3 0 0 0 3
PARAGUAY 4 2 0 2 2
PERU 73 13 0 13 60
SURIMANE 1 1 0 1 0
URUGUAY 13 4 0 4 9
VENEZUELA 82 32 0 32 50
TOTAL 1,010 313 75 376 634

* In some cases, AQUASTAT ar@RaNDentrieswereduplicated, so they were considered afmgleentry
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Table 3: List of variables processed for dams and reservoirs

VARIABLE UNIT DESCRIPTION
ID Unigue Id number for each dam
NAME OF THE DAM Name of the dam
OTHER NAME Alternative names given to the dam (aliases, former names)

DECIMAL DEGREE LATITUDE
DECIMAL DEGREE LONGITUDE

Decimal Degrees

Decimal Degrees

HEIGHT m
LENGTH m

RESERVOIR CAPACITY MCM
RESERVOIR AREA kim?

RESERVOIR NAME
RIVER
INTERNATIONAL
YEAR OF COMPLETION
FLOOD CONTROL
IRRIGATION
HYDROELECTRICITY
NAVIGATION
RECREATION
WATER SUPPLY
OTHER USE
COUNTRY

NEAREST TOWN
STATE / PROVINCE
NOTE

Latitude coordinate of point location of the dam.

Longitudecoordinate of point location of the dam
Height of the dam above foundation expressed in meters

Length of the dam measured at the crest expressed in meters
Capacity of the reservoir expressed in million cubiters

Area of the reservoir expressed in square kilometres

Name of the reservoir or water body, if different from the dam name
Name of the river in which the dam is located

Indicates if thedams or reservoirs lie within more than one country
Reported year of completion of the dam

Use of the dam for Flood Control

Use of the dam for Irrigation

Use of the dam farydroelectricity

Use of the dam for Navigation

Use of the dam for Recreation

Use of the dam for Water Supply

Use of the dam for other purposes

Name of country

Name of thenearest town or city to the dam location

Additional information about the location of the dam

Specific comments of importance
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Table 4: List of hydrological and additional information processethia study

VARIABLE UNIT DESCRIPTION

CATCHMENT AREA km? Calculateccatchmentirea per darexpressed in square kilometres

NEAR SURFACE Oc Calculatedmonthlyaverage near surface temperature value derived from the Climatic Resear

TEMPERATURE Unit (CRU TS 4.03) timeseries dataset per each deachmengxpressed in degrees Celsius

PRECIPITATION mm/month Calcul.ated mpnthly average precipitation value derived f!'om:.th.lnatlc Research Unit (CRU TS
4.03) timeseries dataset per each dam catchregptessed in millimetres per month

POTENTIAL Calculatedmonthlyaverage potential evapotranspiration value calculated using the &terith

EVAPOTRANSPIRATION mmiday method derived from .the 'C.Ilmatlc Research Unit (CRU TS 4.03) sienies dataset per each darr
catchmenexpressed in millimetres per day
Calculatedmonthlyaveragemonthly runoff derived from the University of New Hampshire Glok

GRDC mm/month | Runoff Data Centre (GRDC) composite runoff field per each cachmenexpressed in millime-
tres per month

POPULATION people Calculated population data from the Global Runddlan Mapping Project (GRUMP) per dam
catchment

IRRIGATION ha Calculatgd irrigation area from the Global Map of Irrigated Area dataset peradelhmenex-
pressed imectares.

ARIDITY INDEX n/a Calculated adity index per dam catchment. &faridity indexs unitless

RESIDENCE TIME years Calculated esidence timéndexper each dam reservoir. The residence time is expressed in ye

DEGREE OF REGULATION

%

Calculateddegree of regulation indeper danstream reachDegree of regulation is expressed in
percentage.
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Figure 3. a) Near Surface Temperatyt® Precipitation c) Potential Evapotranspiratipd) Runoff maps per dam catchment
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