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a b s t r a c t

Addressing continental scale challenges affecting inland aquatic systems requires data at comparable

scales. Critically, local in-situ observations for both lotic and lentic ecosystems are frequently fragmented

across federal, state and local agencies, and nonprofit or academic organizations and must be linked to

other geospatial data to be useful. To advance macro-scale aquatic ecosystem science, better tools are

needed to facilitate dataset integration. Key to integration of aquatic data is the linking of spatial data to

the hydrologic network. This integration step is challenging as hydrologic network data are large and

cumbersome to manage. Here we develop a new R package, hydrolinks, to ease linking aquatic data to the

hydrologic network. We use hydrolinks to evaluate the spatial data quality for all lake and stream sites

available through the U.S. Water Quality Portal. We find that 76.5% of lake sites and 13.9% of stream sites

do not correspond with mapped waterbodies.

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

Many of today's challenges in understanding aquatic systems

operate at the regional to global scale (Heffernan et al., 2014).

Addressing these macrosystem-scale challenges affecting inland

aquatic ecosystems requires data at comparably large scales. From

climate change impacts (e.g., Isaak et al., 2016; O'Reilly et al., 2015)

to eutrophication and algal blooms (e.g., Chapra et al., 2017; Sinha

et al., 2017), large regional to global scale insights depend on

linking observations across diverse and spatially extensive lake and

stream regions. Broad scale data is particularly important as both

geographic and morphological heterogeneity of inland waters and

diverse watershed characteristics drive how aquatic ecosystems

respond to broad scale forcing (e.g., Read et al., 2015; Soranno et al.,

2015; Winslow et al., 2015). To this end, researchers have built tools

and data systems to automate integration and processing of aquatic

data and features (e.g., Haag and Shokoufandeh, 2017; Horsburgh

and Reeder, 2014; Read et al., 2011).

Some datasets relevant to aquatic research, such as land cover

(Jin et al., 2013), elevation (Jarvis et al., 2008) and climate (Dee et al.,

2011) are well curated and have been made publicly available at

continental and global scales. But many potentially high-value, in-

situ aquatic observations are fragmented across government,

nonprofit, and academic organizations (Soranno et al., 2015).

Further, available datasets are frequently described by latitude/

longitude coordinates, often without clear, unambiguous reference

to mapped surface water features. The lack of unique identifiers or

unambiguous linking can make it difficult to connect aquatic data* Corresponding author.
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to other in-situ datasets or important spatial context information,

such as land use, hydrologic connectivity, or waterbody

morphology (Hill et al., 2016) using alternative site identification

schemes. While there have been recent efforts to collect and

organize fragmented sources of aquatic data and link them to

specific, mappedwaterbodies, most current examples are limited in

data-type, temporal span, or confined to a regional spatial extent

(e.g., Oliver et al., 2017; Soranno et al., 2015). To advance macro-

system aquatic research, new tools are needed to accelerate the

integration of fragmented data across both lentic and lotic

ecosystems.

One powerful way to integrate fragmented aquatic datasets and

connect those data with landscape features is to link in-situ aquatic

data to mapped surface water features using unique identifiers.

This allows for the unambiguous communication of the surface

water feature from which a data point originates. Unfortunately,

available tools to enable linking are only available on specialized

geographic information system (GIS) platforms that are often

foreign to ecologists and require special training. One such example

is the U.S. Geological Survey's (USGS) Hydrologic Event Manage-

ment tool (HEM; https://nhd.usgs.gov/tools.html), which is specific

to only the USGS National Hydrography Dataset. Additionally, the

HEM tool requiresmanual handling of the hydrologic network data,

does not support lakes, and needs a local license for the ArcGIS

software package. Bringing hydrologic network linking to general

scientific computing platforms used by aquatic ecologists and

generalizing the linking to include multiple commonly used, large-

scale hydrologic network datasets would enable better, broad-scale

data integration thus accelerating macrosystem hydrologic science.

Here we introduce hydrolinks, an R package to ease linking of

aquatic data with the hydrologic network. hydrolinks automates

access, retrieval, and local storage of large hydrologic network

datasets, including the USGS National Hydrologic Dataset (NHD)

high resolution (1:24k), NHD plus (currently 1:100k), and the

global hydroLAKES datasets. The package includes a number of

algorithms for linking data described by latitude and longitude to

the hydrologic network, including variable-width buffer, centroid

correspondence, and point-in-polygon linking. To provide example

uses, we demonstrate the functioning of hydrolinks by linking a

large, national-scale aquatic dataset to the U.S. hydrologic network.

We then showhow linking large datasets to the hydrologic network

can enable integration of diverse data sources and highlight po-

tential data quality issues in large, federal environmental

databases.

2. Methods

2.1. Linking tool

The hydrolinks package is built to reduce the complexities of

linking aquatic ecosystem data that is described by simple latitude/

longitude geographic referencing to generally available hydrologic

network geographic datasets. Based on the data and type of hy-

drologic linking requested, the package can automatically down-

load required hydrologic network data to link latitude/longitude

data points to streams or waterbodies (generally lakes or reser-

voirs). Here we provide an overview of the linking approaches used

and how these large, complex data are stored and distributed.

2.1.1. Data access methods

One of the novel aspects of hydrolinks is to enable automatic, on-

the-fly data access so the user does not need to download and

manage the large hydrologic datasets for linking. The hydrologic

datasets are split up into small, quick-to-download file sizes

(~50MB) that represent contiguous regions. Included in the

package are data on the geographic bounding boxes associated

with the sub-region files of each dataset. These bounding boxes are

used when executing linking functions to determine which sub-

region pieces of the hydrologic networks are needed. These data

are downloaded using simple HTTP from an online source, verified

complete using an MD5 hash, and then used in the data linking

procedure. All downloaded files are locally cached to enable rapid

re-linking of future data. The location of the local cache can be user-

defined using the local_path function. This may be useful when an

alternative cache drive or path is preferred over the default.

2.1.2. Current available datasets for linking

With the initial release of hydrolinks, we have included one

global and two U.S. datasets. The hydroLAKES dataset (Messager

et al., 2016) is a globally comprehensive dataset of lakes over

10 ha. For lakes and streams, both the NHD plus (v2; Moore and

Dewald, 2016) and NHD high resolution (1:24k; Simley and

Carswell, 2009) datasets are included. The NHD high resolution

includes lakes and streams down to very small sizes (~0.1 ha for

lakes; Winslow et al., 2014). The NHD plus is based on a lower

resolution product (~1:100k) but includes a great deal of ancillary

hydrologic data not covered by the base NHD high resolution

dataset that may be useful to many users. We have opted not to

include NHD medium resolution (1:100k) due to its similarity in

resolution and coverage as the NHD plus. Further datasets that are

freely available for redistribution may be added in future package

updates and upon request.

2.1.3. Linking methods

The R package presented here, hydrolinks, implements several

different hydrologic network linking procedures, with some dif-

ferences based on linking to the network of moving water (dis-

cussed here as flowlines) or bodies of still water (here as

waterbodies). Unless noted, geographic locations being linked to

the network are described as geopoints (latitude and longitude

pairs on the WGS84 datum). All methods return an R data.frame

object with rows that correspond to linked flowlines and water-

bodies with an additional column (titledMATCH_ID) corresponding

to the matched geopoint supplied by the user.

For flowline linking, hydrolinks implements a single, flexible

implementation. The majority of hydrologic network datasets

represent streams and most rivers by lines (as opposed to poly-

gons), so hydrolinks implements a snap-to-line linking procedure

where a point is snapped to a stream flowline with the link_-

to_flowlines function. While some supplied geopoints may be

geographically close to the snapped flowlines, other points may fall

a large distance the nearest stream flowline. To differentiate be-

tween points that fall “close enough” to a flowline and those that

may have erroneous geospatial information, hydrolinks differenti-

ates geopoints that fall beyond a user-configurable distance from

the hydrologic flowlines (default 100m). Points which fall outside

of that distance are not linked to the hydrologic network. In certain

situations, the default may not be sufficient, so users can specify a

custom maximum distance by specifying the buffer parameter.

Lakes have a different linking strategy than stream linking.

Geopoints can be linked to lakes and reservoirs by a simple point-

in-polygon approach. This process identifies which geopoints are

contained within any given waterbody polygon. This linking pro-

cedure is implemented in hydrolakes in the included link_-

to_waterbodies function. Geopoints can also be specifically linked to

the waterbody centroids of the chosen hydrologic dataset, with a

point-to-centroid approach implemented by the link_-

waterbody_centroids function. However, data describing the loca-

tion of lakes is sometimes inaccurate or taken at a point which does

not overlap with the lake (Fig. 1). Two common issues are (1) lake
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associated data being defined by the centroid of the lake polygon

where the centroid lies outside the lake polygon itself (Fig. 1a). The

non-overlapping centroid issue can occur on lakes with non-

convex polygons (e.g., oxbow lakes). 2) Points may be taken very

near to a lake (such as at a boat launch) but not geographically over

the lake (Fig. 1b). These potential issues are handled in twoways. 1)

link_to_waterbodies has an optional parameter, buffer (specified in

meters), to match geopoints which fall within a buffer around each

lake polygon. 2) The link_waterbody_centroids has a user defined

maximum-distance cutoff, buffer (defaults to 25m), which allows

for a loosening of the restriction on matching geopoints to water-

body polygon centroids.

2.2. Dataset example

To show an example of large-scale insights enabled by hydro-

links, we examined the spatial quality of data available from one of

the largest single sources of aquatic data available, the USGS Water

Quality Portal (WQP; Read et al., 2017). The WQP is an interface to

query several U.S. federal databases of aquatic data, including the

U.S. Environmental Protection Agency (EPA) STOrage and RETrieval

Dashboard (STORET) and the U.S. Geological Survey (USGS) Na-

tionalWater Information System (NWIS) database.We downloaded

all national-scale lake and stream data available from the WQP

using the USGS dataRetrieval R package (Hirsch and De Cicco, 2015).

For stream and lake sites from the WQP, we used hydrolinks to link

observations to mapped waterbodies using all potential methods.

Stream sites were linked to the NHD using link_to_flowlines with a

buffer of 100m. Lake sites were linked in three ways. First, lake sites

were linked using point-in-polygon (link_to_waterbodies) with no

buffer; only lake sites directly over a waterbody polygon were

matched. Lake sites were also linked using link_to_waterbodieswith

a buffer of 25m. Finally, lake sites were linked using link_-

waterbody_centroids with a buffer of 25m.

Fig. 1. - Two examples from the Water Quality Portal (WQP) of non-point-in-polygon

matches for lake sites. Panel (a) is an example lake where the point was within 25m of

the lake polygon centroid, but not within 25m of the shoreline and (b) shows a WQP

point that did not fall on the lake polygon, but was within a 25m buffer.

Fig. 2. Map of all lake sites in the Water Quality Portal (WQP) and their link with the National Hydrography Network high-resolution dataset. (a) All 149,905 WQP lake sites. (b) The

102,754 sites which linked directly with waterbodies using point-in-polygon with no buffer (link_to_waterbodies function, buffer¼ 0m). (c) The 11,866 additional sites that matched

lakes by point-in-polygon with a 25m buffer (link_to_waterbodies function, buffer¼ 25m). And (d) the 206 point-to-centroid matched sites with a maximum distance between the

centroid and the point of 25m (link_waterbody_centroids function, buffer¼ 25m).
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3. Results

3.1. Water Quality Portal example

There are a large number of uniquely identified sample sites in

the WQP (Figs. 2a and 3a). As of the date of access (August 1, 2017),

there were 149,905 and 547,930 unique sites categorized as lakes

and streams, respectively (Table 1). Of the reported WQP sites,

47,151 lake sites (31.5%) and 76,262 stream sites (13.9%) did not

correspond with mapped hydrologic feature in the high-resolution

NHD based on the linking procedure used here (point-in-polygon

with no buffer for lakes, snap-to-line with 100m buffer for

streams). Using the point-to-polygon approach with a 25m buffer

increased the number of linked lake sites by 11,866 (7.9%) with an

additional 206 lakes linked using the point-to-centroid approach

with a 25m buffer (Table 1). Using a larger buffer for lakes showed

diminishing returns beyond 25m (Supplemental Text 1).

The number of lake sites without matches to hydrologic features

in the NHD varied spatially across U.S. states (Figs. 2 and 3). States

that appear to have a high linked site density on the visualized map

(Fig. 2) tended to have a combination of both a high abundance of

lakes and a high numerical coverage percentage. For example,

Wisconsin, Minnesota, and Michigan all have high numbers of

natural lakes (Winslow et al., 2014) and had high percent lake

coverage (Table 2). Some state's sampling is dominated by fewer

large lakes, with a large divergence of percent covered by area and

number (e.g., Utah, Maryland, and Tennessee all have high area but

low numerical coverage). Other notable mentions include Florida,

which has a high density of linked sites visually (Fig. 2a and b) and a

relatively low percent of total observed lake area (Table 2). In

general, the lake sites that did not match waterbodies were

distributed similarly to the underlying whole population of lake

sites, with a few exceptions. A few states dominated numerically

the lake sites which did not match via point-in-polygon but did

match well with a 25m buffer (Fig. 2c; New Hampshire, Wisconsin,

and Ohio). Wisconsin had the majority of lakes which matched via

centroid (Fig. 2d), with only a few scattered among the other states.

For streams, the distribution of match and non-match sites had

a different spatial distribution compared to linked lake sites

(Fig. 3aeb; Table 2). Some states followed similar patterns with

Fig. 3. Map of all stream sites in the Water Quality Portal (WQP) and their link to with the National Hydrography Network (NHD) high-resolution flowline dataset. A 100m

maximum distance cutoff between the WQP point and the flowline was used to define a linked stream site. Panels show (a) all 547,930 stream sites in the WQP, (b) all 471,668 snap-

to-lines matches (link_to_flowlines function, buffer¼ 100m), and (c) the remaining 76,262WQP sites that were not matched to the NHD layer with a 100mmaximum distance cutoff

between the point and the flowline.

Table 1

Number of Water Quality Portal (WQP) sites linked to NHD high-resolution hydro-

logic features using each of the linking procedures.

Number of sites linked

Lakes Streams

Total WQP sites 149,905 547,930

Point-in-polygon

link_to_waterbodies, buffer¼ 0m 102,754 (68.5%) e

link_to_waterbodies, buffer¼ 25m 11,866 (7.9%) e

Point-to-centroid

link_waterbody_centroids, buffer¼ 25m 206 (0.1%) e

Snap-to-line

link_to_flowlines, buffer¼ 100m e 471,668 (86.1%)
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Michigan, Wisconsin, Minnesota, and Maryland having top percent

observed numbers for both lakes and streams. Some states showed

large divergence between lake and stream coverage. While Con-

necticut was 5th in stream length coverage (8.46%) it ranked 44th

for lake coverage by area (20.09%). Visually, these different linking

densities were not as apparent in streams as in lakes, though

mapping completion dates and resolution may be an important

driver of this discrepancy in stream coverage stats.

Using hydrolinks, we examined how the distribution of observed

lakes and streams compares to the full contiguous U.S. distribution

(Fig. 4). The median area of observed lakes was 17.05 ha, compared

to 0.14 ha for the complete distribution of contiguous U.S. lakes

(Winslow et al., 2014, Fig. 4a). Stream sampling was similarly

skewed towards larger, higher-order systems (except at the highest

order systems; Fig. 5a), with a length-weighted sampled stream

order of 2.44 versus the length-weighted whole U.S. distribution

stream order of 0.22.

4. Discussion

hydrolinks automates themultiple, manual steps required to link

coordinate-described data to the hydrologic network. Facilitating

this process can help unify different limnological datasets as well as

datasets that are best described in relation to the hydrologic

network (e.g., watershed or buffer land use, lake morphology and

stream flow and order characteristics). Linking these geopoint sites

to the hydrologic network can improve data sharing, integration,

and better describe the geographic and morphological

Table 2

Statistics for sampling coverage of linked lake sites from the WQP summarized by state. Sites within Washington DC were included in Maryland and CONUS represents the

contiguous United States.

State Streams Lakes

Observed by Length

(%)

Observed by

Number (%)

Median Length

(m)

Total Flowlines in

State

Observed by Area

(%)

Observed by

Number (%)

Median Area

(m2)

Total Lakes in

State

CONUS 2.59 0.73 271 11,784,806,954 65.92 0.50 1802 6,500,264

Alabama 1.89 0.75 434 213,043,388 39.23 0.11 3265 109,064

Arkansas 2.78 1.07 471 221,279,838 37.83 0.10 1346 187,386

Arizona 1.21 0.49 522 485,341,545 48.13 0.44 1518 38,354

California 1.70 0.36 217 756,229,974 50.28 0.80 2181 102,217

Colorado 1.84 0.49 253 450,209,743 47.21 0.58 1296 115,142

Connecticut 8.46 2.00 131 22,183,795 20.09 0.71 3311 39,343

Delaware 5.40 1.32 172 9,206,802 9.56 0.80 2936 9690

Florida 7.26 1.64 205 170,497,690 31.09 0.80 5760 468,706

Georgia 2.88 0.89 296 190,787,240 23.13 0.08 6991 207,146

Iowa 3.80 1.45 599 183,864,337 40.58 0.27 1379 106,420

Idaho 4.26 1.89 588 291,338,659 70.77 0.37 1378 44,566

Illinois 4.60 1.49 442 193,962,896 36.02 0.39 1481 164,391

Indiana 0.32 0.13 141 440,438,573 31.49 0.65 2478 141,002

Kansas 1.52 0.53 579 296,009,992 47.90 0.20 1352 216,913

Kentucky 1.67 0.65 456 162,552,524 49.26 0.07 1031 193,614

Louisiana 1.93 0.41 288 221,695,088 52.90 0.08 3543 191,076

Massachusetts 5.36 1.07 127 29,830,639 20.10 1.16 4060 48,370

Maryland 14.06 3.98 210 40,678,338 91.72 0.32 2187 28,185

Maine 2.91 0.87 264 91,001,096 60.86 1.74 1726 32,336

Michigan 12.11 3.55 383 137,709,871 96.60 1.59 6355 93,947

Minnesota 9.01 2.88 500 169,615,578 82.45 4.17 1986 126,476

Missouri 1.37 0.58 474 296,199,009 57.01 0.16 976 273,790

Mississippi 1.51 0.43 304 261,573,841 21.72 0.10 1855 192,231

Montana 1.95 0.76 569 628,057,437 56.72 0.31 2379 148,321

North

Carolina

1.91 0.60 229 231,633,366 16.13 0.20 2498 116,764

North Dakota 3.44 0.73 433 145,462,709 37.73 0.22 4217 248,855

Nebraska 2.32 0.54 526 205,722,710 24.45 0.26 2254 126,098

New

Hampshire

6.93 2.23 227 29,839,188 52.39 3.14 3444 28,257

New Jersey 4.49 0.64 72 39,571,533 32.98 1.50 1811 25,068

New Mexico 1.57 0.58 588 382,954,284 37.74 0.27 1544 73,081

Nevada 0.72 0.27 531 507,130,141 49.90 0.63 1830 24,856

New York 7.06 2.10 295 162,307,061 47.80 1.09 1712 85,422

Ohio 8.08 3.25 572 148,279,208 49.28 1.45 1460 113,114

Oklahoma 2.29 0.72 337 269,141,699 69.90 0.09 1220 388,291

Oregon 0.91 0.20 208 509,513,074 41.51 0.53 1370 74,590

Pennsylvania 5.24 1.98 454 138,312,078 27.77 0.20 1471 94,896

Rhode Island 6.07 1.41 153 3,738,695 25.00 1.68 4128 8037

South

Carolina

1.19 0.29 189 126,551,137 15.29 0.14 4587 91,049

South Dakota 1.86 0.52 442 264,054,783 60.66 0.32 2669 164,627

Tennessee 4.62 2.05 465 182,146,967 78.33 0.13 946 114,766

Texas 1.15 0.31 341 865,712,892 43.58 0.05 1180 1,008,001

Utah 2.29 1.19 737 301,631,042 82.82 0.80 1207 46,749

Virginia 4.39 1.60 292 177,019,466 43.86 0.29 2466 89,171

Vermont 4.59 1.33 231 42,431,861 93.38 1.06 965 29,696

Washington 1.16 0.27 214 391,801,056 38.63 0.99 2658 61,937

Wisconsin 12.13 4.35 537 142,610,324 83.15 5.74 1772 83,650

West Virginia 6.27 3.05 626 88,453,114 46.79 0.27 939 24,990

Wyoming 1.21 0.34 273 465,480,671 49.27 0.25 1703 99,613
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representation of inland waters within the observed data record.

The WQP example shown here highlights how the tools in

hydrolinks can quickly link observations to value-added data

products. Here, linking the WQP sites to the NHD allowed for the

comparison of lake size and stream order for observed versus the

full-network distribution of lakes and streams. Not surprisingly,

observations are generally skewed towards larger aquatic systems

(lakes and streams) as previously noted (e.g., Hanson et al., 2007),

though some size-discrepancy may be due to higher required

geolocation precision required for small lakes. It is difficult to make

a simple comparison between the size-abundance distribution of

lakes and streams. Using stream order normalized by stream length

was generally effective in this situation. However, this strategy may

not work well at stream orders over 10, which showed a drop in

coverage that may not be representative, largely due to the limited

number of these large rivers.

Further, tools for hydrologic network linking and verification for

lakes and streams could be useful to both data providers and users

of aquatic database data. In our example, we show a number of

challenges in linking data from the WQP to the high-resolution

NHD. While the specific reasons that WQP sites failed to link are

unclear, these points warrant further investigation and possible

correction by data providers. hydrolinks allows users to quickly

verify the WQP latitude/longitude metadata, and slate non-linking

site data for further examination or removal. For example, in the

WQP data used here, the number of lake linking failures was

reduced from 31.5% to 23.6% by including the 25m buffer, indi-

cating many sites are too-near the lake shoreline for simple point-

in-polygon linking. Further, of the 21,600 lake sites that did not

successfully link to a lake, 8000 can likely be explained as mis-

labelled stream sites (Supplemental Text 1). Using such tech-

niques, hydrolinks can enable data input quality assurance pro-

cedures by providing a quick way to verify newly supplied data to

the underlying WQP databases (e.g., STORET or NWIS) or identify

and correct existing non-linking sites.

Different organizations frequently have their own, independent

identification system for waterbodies. Further, different organiza-

tions often collect data on the same waterbodies or stream reaches

but catalog and archive the data using organization-specific iden-

tification systems. For example, the U.S. Geological Survey

frequently adopts the National Hydrography Network (http://nhd.

usgs.gov) as a unifying identifier for aquatic data. But many state

and local agencies use local identification schemes for waterbody

and stream identification (e.g., Wisconsin Water Body Identifica-

tion Codes, http://wi.dnr.gov). While it is unlikely that states and

other local agencies will adopt a more national (or global) sample

site ID procedure, hydrolinks can nonetheless help unify these

datasets when integration is desired (e.g., Supplemental Text 2).

Without ID-based linking, name or latitude/longitude are often

not sufficient or unambiguous enough to integrate hydrologic

Fig. 4. The size-abundance distribution of lakes in the NHD high resolution layer and

the matched Water Quality Portal (WQP) lakes. (a) Cumulative size-abundance dis-

tribution and (b) percentage of lakes. Lake observations have a large-lake bias with the

majority of large lakes (over c. 10 km2) versus the minority of small lakes (under c.

1 km2) have archived observation data.

Fig. 5. Abundance distribution of monitored streams binned by stream order and

summarized by total length. Panel (a) shows the total stream length connected with

locations with associated Water Quality Portal (WQP) data contrasted with the total

stream length for each stream order in the NHD high-resolution layer. Panel (b) shows

the percent of each stream order segments with corresponding WQP observation site.
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datasets. Lake names are extremely ambiguous, with the most

common lake names used in many locations (e.g., Long, Trout,

Emerald, Clear, or Mud Lakes). Data taken from effectively the same

lake or stream site can frequently have very different locations

based on latitude and longitude. This is especially challenging

when dealing with datasets from both large and small lakes. For

example, in a large lake, data sampled from two locations 5 km

distant can be thought of as describing the same aquatic system. On

the other hand, in lake rich regions with many small lakes, a 5 km

distance may cross many small, distinct, and heterogeneous lakes.

Further, the loss of precision on latitude and longitude that can

occur through data handling (e.g., through decimal truncation in

Excel) may cause points to no longer geographically match lakes on

the landscape.

Open datasets are more frequently being released using unique

identifiers based on hydrologic network dataset identifiers. For

example, recent lake datasets on lake depth (Oliver et al., 2016) and

water temperature (Winslow et al., 2017) were released with both

NHD unique identifiers and standard latitude and longitude geo-

points. With hydrolinks, users of those datasets can quickly inte-

grate their own and other datasets using the hydrologic network

dataset identifiers. Furthermore, this tool will enable future data-

sets to be released using one or more broadly accessible unique

identifiers to unambiguously link data to waterbodies and accel-

erate data integration across different published datasets.

hydrolinks joins a number of tools available to better integrate

diverse aquatic data sets in scientific computing environments.

Data management, especially of large and diverse data sets, can

take outsized amount of time in scientific data analyses (Lohr,

2014). Tools that enable better data access and integration are at

the forefront of accelerating environmental science and macro-

system ecological research. With the release of hydrolinks, we hope

to enable better communication and integration of lake and stream

datasets at large scales.
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