PLOS ONE

Check for
updates

E OPEN ACCESS

Citation: Grieve SWD, Chen S-A, Singer MB,
Michaelides K (2025) GDBM: A database of
global drainage basin morphology. PLoS ONE
20(4): e0320771.
https://doi.org/10.1371/journal.pone.0320771

Editor: Huasheng Huang, Sun Yat-Sen
University School of Geography and Planning,
CHINA.

Received: July 12, 2024
Accepted: February 24, 2025
Published: April 7, 2025

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles.
The editorial history of this article is available
here: https://doi.org/10.1371/journal.pone.
0320771

Copyright: © 2025 Grieve et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the
original author and source are credited.

Data availability statement: The dataset
described in this manuscript can be accessed at
https://doi.org/10.5281/zen0do0.7970485

RESEARCH ARTICLE

GDBM: A database of global drainage
basin morphology

Stuart W. D. Grieve®"2*, Shiuan-An Chen’,
Michael B. Singer®3*5, Katerina Michaelides®®

1 School of Geography, Queen Mary University of London, London, United Kingdom, 2 Digital
Environment Research Institute, Queen Mary University of London, London, United Kingdom, 3 School of
Earth and Environmental Sciences, Cardiff University, Cardiff, United Kingdom, 4 Water Research
Institute, Cardiff University, Cardiff, United Kingdom, 5 Earth Research Institute, University of California
Santa Barbara, Santa Barbara, California, United States of America, 6 School of Geographical Sciences,
University of Bristol, Bristol, United Kingdom, 7 Institute of Water Resources Development, Feng Chia
University, Taichung, Taiwan

* s.grieve @gmul.ac.uk

Abstract

Rivers and their drainage basins are fundamental landscape units, and their morphology
is a record of the cascade of geologic, tectonic, biological, and climatic processes acting
upon them. Quantifying this cascade depends on morphometric measurements of rivers
and drainage basins, and comparison of these measurements across diverse landscape
settings. Here we present a new near-Global dataset of Drainage Basin Morphology,
GDBM, which provides morphometric measurements of 254,966 basins and the longest
river channel within them. This dataset is created by extracting channels from the 30-
meter resolution Shuttle Radar Topography Mission (SRTM) topographic data which fall
within Képpen-Geiger climate zones, to allow the influence of climate on river and basin
morphology to be quantified. GDBM contains measurements of channel length, slope,
relief, normalised concavity, basin area, basin shape and aridity. These data have been
generated with minimal assumptions, focusing on identifying and classifying channels
with high confidence, through the use of a conservative drainage area threshold. GDBM
provides opportunities for rapid spatial analysis of channel morphology at a near-global
scale and has the potential to yield continuing insight into landscape evolution across
diverse climate regimes. This dataset also has potential applications across a range of
Earth and environmental science domains, through the integration of additional data on,
for example, forest canopy height, landcover, or soil properties to explore the spatial
variability of channel and basin properties with climate.

1 Introduction

Rivers and their drainage basins are critical components of landscapes which exist at spa-
tial scales spanning several orders of magnitude, driving the distribution of water and sed-
iment across the Earth’s surface [1]. They exist across several orders of magnitude of spa-
tial scales, from continental river systems through to hillslope scale drainage networks [2,3].
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The analysis of channel and basin morphometry has yielded a diverse range of insights into
landscape response to tectonic [4-7], climate [8-11] and anthropogenic [12] forcing, in addi-
tion to informing the parameterization of hydrologic [13,14] and landscape evolution [15-17]
models.

With the increasing availability of high quality global and near-global topographic data,

a number of compilations of global channel data have been produced, notably MERIT

Hydro [18], HydroSHEDS [19], HDMA [20], and Basin90m [21]. These datasets are valu-
able resources for many avenues of research, typically however this existing family of datasets
are not directly suited to analysis which links climate and channel morphometry. For some
datasets, river mapping approaches make use of published blue line maps [22], which perform
well in humid environments but systematically exclude intermittent and ephemeral chan-
nels, particularly those found in drylands [23,24]. In the case of Basin90m [21], rivers in dry-
lands are removed based on their aridity, excluding many ephemeral channels from analy-
sis. In other cases, morphometric data is extracted using HydroSHEDS as the input for basin
extraction [25], again potentially excluding intermittent and ephemeral channels from the
dataset. Some datasets make use of a stream burning approach [26] to enforce channelised
flow across a DEM and this approach ensures a topologically consistent network, but mod-
ifies the topographic data, potentially biasing measurements of channel or basin morphol-
ogy. Other datasets are predicated on lower resolution DEM products [19,21,27], reducing
their ability to identify smaller channels. Several datasets do not record geomorphometric
data natively [26], requiring a user to load the channel data, source a DEM and then sam-
ple the required morphometric data. This lack of native morphometric information can lead
to inconsistency and a reduction in the spatial scope of analyses. With the aim of addressing
these limitations, supplementing existing datasets and facilitating the analysis of relationships
between climate and basin morphometry, we present a new near-Global dataset of Drainage
Basin Morphology, GDBM.

Identifying the initiation point of channels is very challenging, such that successful
schemes are only feasible on small spatial scales or with large amounts of manual interven-
tion [28]. Rather than developing new methods to delineate channel initiation points, a chal-
lenging research topic known to be limited by data resolution [29], we instead focus here
on extracting the longest channel from large drainage basins, with a parsimonious drainage
threshold [30] of 22.5 km?). In doing this we can be confident that the channels we extract
within GDBM are not false positives, supporting global analysis of channel morphology
undertaken without undue influence from potential channel extraction biases. The power of
this new dataset is its minimal, parsimonious assumptions and its close coupling to Képpen-
Geiger climate zones [31] and global aridity estimates [32,33]. GDBM thus creates opportuni-
ties to explore river and basin morphology in a climate context at a near-global scale, from the
profiles of individual channels, to continental scale statistical properties.

2 Materials and methods

The processing and generation of GDBM follows a series of stages:

2.1 Climate zone processing

A fundamental component of GDBM is the connection of climate categories and topographic
data at an appropriate scale for near-global analysis. We use the Koppen-Geiger climate clas-

sification [31] to divide the globe into discrete climate sub-zone tiles, which can be processed
in parallel. As the creation of this dataset is motivated by an interest in climate-drainage basin

PLOS ONE | https://doi.org/10.1371/journal.pone.0320771  April 7, 2025 2/18



https://doi.org/10.1371/journal.pone.0320771

PLOS ONE

GDBM: A database of global drainage basin morphology

relationships at a near-global scale, the full climate classification extended by [31] is too gran-
ular. To this end, we generalise the climate sub-zones into the categories described in Table 1,
and exclude the ET and EF polar classifications. In some cases the sub-zones are still too big
to be processed efficiently. These are further divided using a quadtree-like algorithm to main-
tain uniform tile shapes (Fig 1a). This division of the Earth’s surface into a series of large tiles
which can be processed in parallel is in line with other efforts to create large datasets of chan-
nel morphology [21] and represents a compromise between computational power and dataset
scale.

Following the creation of the climate sub-zone tiles, large bodies of water are removed
from each tile, to ensure that the tiles only represent terrestrial environments. We used the
Global Lakes and Wetlands Database [34] for this purpose. This dataset characterises all clas-
sified bodies of water into two levels: level 1 is made up of all bodies of water with a surface
area above 50 km? and level 2 represents all remaining bodies above 0.1 km?. Consequently,
all level 1 lake and reservoir polygons were intersected with the climate sub-zone tiles using
shapely [35]. In rare cases the resultant intersection between water bodies and climate sub-
zones created multiple polygons (for example if a lake bisected a climate sub-zone tile). There-
fore if a resultant split polygon had an area less than 20% of its original size, it was classed as a
sliver and removed from further analysis [36].

2.2 Topographic data processing

The river channels provided within this dataset are extracted from the NASA Shuttle Radar
Topography Mission Global 1 arc second DEM product [37,38], henceforth referred to as
SRTM. This is the latest version of the SRTM dataset which has undergone extensive void-
filling and quality control. The SRTM topographic data is used extensively in global anal-
yses of topography [10,39], and lower resolution versions of the dataset have underpinned
previous efforts to create global hydrologic datasets [18,19].

Due to the nature of the space shuttle’s orbit, topographic data was only collected between
60°N and 56°S [37]. This limits the creation of a truly global dataset, however, as the purpose
of these data are to understand the relationships between climate and fluvial channel mor-
phometry, excluding polar data where channel forms will be carved by ice is beneficial. The
latest version of the SRTM data has a grid resolution of approximately 30 m at the equator

Table 1. Details of aggregated Koppen-Geiger climate zones used in this dataset, and short descriptions of each of
these zones. Note that polar zones ET and EF are excluded from this dataset.

Letter Code Description Original Codes
Af Tropical-Rainforest Af

Am Tropical-Monsoon Am

Aw Tropical-Savannah Aw

BWh Arid-Desert-Hot BWh

BWk Arid-Desert-Cold BWk

BSh Arid-Steppe-Hot BSh

BSk Arid-Steppe-Cold BSk

Cs Temperate-Dry summer Csa, Csb

Cw Temperate-Dry winter Cwa, Cwb, Cwc

Cf Temperate-Without dry season Cfa, Cfb, Cfc

Ds Cold-Dry summer Dsa, Dsb, Dsc, Dsd
Dw Cold-Dry Winter Dwa, Dwb, Dwc, Dwd
Df Cold-Without dry season Dfa, Dfb, Dfc, Dfd

https://doi.org/10.1371/journal.pone.0320771.t1001
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Fig 1. Maps of the 1830 climate sub-zone tile boundaries. Classified by a) Képpen-Geiger climate zone and b) Aridity Index. Note that channels within each tile will
have a range of Al values, as Al is recorded on a per channel basis within GDBM.

https://doi.org/10.1371/journal.pone.0320771.9g001

[38], providing a good balance between computational efficiency and data fidelity. For a full
discussion of SRTM data quality and validation, see [40].

Topographic data for a given climate sub-zone was downloaded using the OpenTopogra-
phy Service [41], allowing the relevant data to be downloaded and processed on the fly, rather
than requiring the whole SRTM dataset to be downloaded or processed at once. Using GDAL
[42], the SRTM tiles which intersect with a given climate sub-zone are then merged into a sin-
gle DEM tile, and this merged tile is clipped to the polygon outline of the climate sub-zone to
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create a DEM which covers only the climate sub-zone of interest. To facilitate accurate com-
parisons between climate sub-zones, each tile is then reprojected into the appropriate UTM
zone, based on the location of the southwest corner of the climate sub-zone.

The final stage of topographic processing is to hydrologically correct each clipped and pro-
jected DEM. This is required to identify and remove topographic depressions which inhibit
surface flow paths and render channel extraction impossible [43]. At the resolution of the
SRTM data, and following the clipping out of lakes and water bodies, the majority of depres-
sions will be data artefacts rather than true topographic features [44]. However, GDBM
includes metrics which can be used when analysing these data to control for channels unduly
impacted by erroneous hydrological correction. This processing stage is performed using
the LSDTopotools [45] implementation of the Wang and Liu algorithm [46]. This algorithm
applies hydrological corrections to topographic data in a computationally efficient manner,
and has been shown to be robust under a number of geomorphic applications [5,47-49].
Other hydrological correction algorithms have been developed, notably those that consider
hydrological context alongside high resolution topographic data [50-52]. However, given the
resolution of the SRTM data being processed, and the scale over which this dataset is being
generated, increasing the complexity of the hydrological correction algorithm would yield few
benefits, weighted against the considerable additional computational cost.

The final result of these processing steps is the generation of 1830 hydrologically corrected
and projected DEM tiles, corresponding to each of the climate sub-zone tiles generated previ-
ously.

2.3 Channel extraction

Channel identification and extraction from topographic data is a common problem in geo-
morphology [53]. Since the widespread adoption of LiDAR topographic data, a range of
algorithms have been developed, either attempting to identify a process domain boundary
where fluvial processes outcompete hillslope processes [54] or attempting to identify a geo-
morphometric signature of channelisation [55-58]. These methods have been demonstrated
to be effective when applied to high resolution topographic data, but have limited efficacy

at SRTM’s 30-meter resolution [29]. Consequently a more conservative channel extraction
approach is employed using a drainage area threshold to identify the initiation point of each
channel [30,59,60]. Drainage area is computed using the Fastscape implementation of the
D8 steepest descent algorithm [61], which is designed to work optimally over large spatial
scales.

There is no globally appropriate drainage threshold which can be applied confidently to
extract river channels with an absence of both false positives and false negatives [56]. If too
low a threshold is chosen, channels will be identified in the data where none exist in reality,
and if too large a threshold is chosen, only the largest rivers in a drainage basin will be identi-
fied. Here, we exploit this feature of drainage area based channel extraction by using a delib-
erately conservative fixed threshold of 22.5 km?. This threshold ensures that every channel
extracted has a high probability of corresponding to a true channel.

GDBM only records morphometric information about the mainstem channel, defined
as the longest channel in a drainage basin, and so the loss of tributary channels due to con-
servative drainage thresholding does not impact the overall compilation of the dataset. To
ensure that each channel within GDBM corresponds to a distinct climate zone, drainage
basins which cross or intersect with a climate sub-zone tile boundary are not recorded within
the dataset (n=35,979). This filtering of data to exclude boundary crossing channels max-
imises the value of our dataset as a tool to explore relationships between climate and basin
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morphometry. We also test for nesting of drainage basins, to ensure that each channel is only
recorded once in the dataset, avoiding problems of serial correlation within the data.

2.4 Aridity index processing

In addition to the Képpen-Geiger climate sub-zone data, each river channel in the database
records Aridity Index [32,33] (AI) values along its length. This sampling process records Al
values at the centroid of every channel pixel, resulting in an average sampling frequency of 36
meters along each channel. These values can be used to explore along channel variability in
aridity, within Képpen-Geiger climate sub-zones (Fig 1b).

From this population of sampled values the mean and median Al values for each channel
are calculated, in addition to standard deviation, maximum and minimum values. Due to the
resolution disparity between the SRTM dataset (~30 m) and the Aridity Index dataset (~900
m) some channels have a small number of Aridity Index measurements along their length
(<10), but this only accounts for 10 channels, or 0.004% of the whole dataset. The number of
individual AI values for each river is therefore also recorded, to allow users to filter out such
rivers as required.

2.5 Channel and basin morphometric calculations

Following the extraction of channels within each of the climate sub-zone tiles, a series of
channel morphometrics are calculated. Channel relief (R) is calculated as:

R=E,-E, (1

where E is channel elevation and the subscripts 0 and n correspond to the upstream and
downstream extent of the channel, respectively. Flow length (L) is calculated by:

Li=L,-Lo )

where L is the cumulative upstream flow distance at a given point along the channel. Total
channel slope (S) is computed by:

S = —. 3
L (3)
The Normalised Concavity Index (NCI)[10] is calculated by fitting a straight line through
the points Ey, E,, described by the equation Y} = Ey— 6L where 9 is the gradient of the line, the

y intercept is Eo and Y7, is the elevation of the line at position L along the line. NCI can then
be calculated at each channel pixel as follows:

E -Y
NCI:median( LR L). (4)

Similar calculations can be performed at reach scale rather than along the whole channel,
using the individual river data which are described below.

The Gravelius compactness coefficient (GC) [62], the ratio between a basin’s perimeter and
the circumference of a circle of the same area, is used to describe basin shape, with a value
of 1 indicating a circular basin and increasing values indicating increasing basin elongation.
Perimeter estimation has been shown to be impacted by data resolution and basin size, where
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increasing basin size leads to increasing perimeter overestimation [63]. To resolve this issue,
we follow [64] in defining a relative resolution (R,):

1
Rr: E\/Z (5)

where A is the basin area. This relative resolution can be used to convert basin perimeter (P)
into relative perimeter:

P,=P-R, (6)
and convert basin area into relative area:
A,=A-R? )
and using these relative values, the value of GC can be calculated:

P,

GC= .
2\/TA,

(8)

2.6 Quality assurance metrics

In addition to collecting topographically derived information about each channel, we also
record information that can be used to quality control the dataset. Common concerns when
working with topographically defined channels are that the pit filling procedure may dis-
tort the true data or that the limitations of the D8 algorithm will create anomalously straight
channels.

To address the potential impact of the pit filling procedure on channel morphometrics,
DEMs of difference are generated between the filled and unfilled DEMs. Fig 2 shows the dis-
tribution of topographic change across an example climate sub-zone tile caused by the hydro-
logical correction process. The majority of topographic changes fall well below the SRTM
relative vertical error of between 4.7 and 9.8 m [40] and so are excluded from further anal-
ysis by filtering the data to the 98th percentile. The remaining data corresponds to all pixels
within a climate sub-zone which have been altered by more than the reported vertical error
within the data. The proportion of each channel impacted by these altered pixels can then
be calculated both in terms of raw pixel counts and flow length to create quality assurance
metrics.

We define channel straightness by identifying the longest unbroken run of flow direc-
tions within each channel. The length of this run is then compared to the complete chan-
nel length to create a straightness quality assurance metric, where a value of 1 would denote
a completely straight channel, and values close to 0 denote high variability in channel flow
direction.

3 Results
3.1 Data records

3.1.1 Aggregate data. For each climate sub-zone (see Table 1) a csv file has been created,
which contains summary statistics and geographical information for each channel within that
climate sub-zone, with one river corresponding to each row in the dataset. Within GDBM
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Fig 2. Histogram of the distribution of per-pixel vertical change following hydrological correction for a repre-
sentative climate sub-zone tile. Dashed vertical line indicates the 98" percentile threshold for meaningful vertical
change. Error bar shows the range of vertical error within the SRTM dataset [40].

https://doi.org/10.1371/journal.pone.0320771.g002

every river is given a unique name, for example Af_74_9435e317_8045_44ab_bba7_
cb9£f452496f_ river_46 which is composed of:

o The Koppen-Geiger letter code. Af.
o A tile ID number, indicating that this river is found within the nth tile of that climate sub
zone. 74.
« An optional unique ID, used to denote where sub-zone tiles have been further subdivided.
9435e317_8045_44ab_bba7_cb9ff452496f.
« A river ID, denoting that this is the nth river of that tile. river_46.

It is important to note that no topological information is stored within the unique river
names, and so it is not possible to assume any spatial relationship between sub-zones based
on their numerical value. In total there are 13 csv files, with a total of 254,966 records and the
size of this portion of GDBM is 69 MB. Table 2 provides a description of each column within
the aggregate data files.

3.1.2 Individual river data. Each row in the aggregate data corresponds to a csv file,
named using the unique name described above, which contains the data for each pixel along
the river’s length. In total there are 254,966 of these river files, organised into Koéppen-Geiger
climate sub-zone subdirectories (see Table 1), these river files have a total size of 27 GB.

To make the computational processing of large batches of data more efficient, these river
files do not have a header row. Table 3 provides a description of each column within these
river files, in the order that they appear in the file. The individual river files are structured
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Table 2. Details of the variables recorded within the climate sub zone aggregate data files.

Variable name Description Units

RiverName Unique name for each river within the dataset. -

NCI Normalised Concavity Index. Calculated using Eq 4, following [10] and |-
detailed in Sect 2.5.

Relief Total channel relief, calculated as the difference between the maximum m
and minimum elevations within the channel, Eq 1.

FlowLength The total along channel length of the river. m

TotalSlope Total channel gradient calculated as the ratio between the reliefand the ~ |m/m
flow length, Eq 3.

Area The total drainage area for the channel. Computed at the lowest elevation |m?
pixel within the channel.

ai_mean The mean Aridity Index value for the channel. Calculated by sampling all |-

Aridity index values along the channel and calculating their mean.

ai_median The median Aridity Index value for the channel. Calculated by sampling
all Aridity index values along the channel and calculating their median.

ai_std The standard deviation of Aridity Index values for the channel. Calculated |-
by sampling all Aridity index values along the channel and calculating
their standard deviation.

ai_min The minimum Aridity Index value along the channel. -
ai_max The maximum Aridity Index value along the channel. -
ai_n The total count of Aridity Index values sampled along the channel. -
pit_pixel_proportion The proportion of channel pixels which the hydrological correction pro- |-

cess has altered by more than the SRTM vertical error, following the
process described in Sect 2.6.

pit_length_proportion The proportion of the channel by length which the hydrological correction |-
process has altered by more than the SRTM vertical error, following the
process described in Sect 2.6

straightness_proportion The ratio between the length of the longest anomalously straight section |-
of channel and the total channel length, following the process described in
Sect 2.6

perimiter_pixels The total number of pixels making up the basin perimeter. -

area_pixels The basin area in pixels. -

Gravelius_coefficient The Gravelius compactness coefficient. Calculated using Eq 8, following |-

[64] and detailed in Sect 2.5.

https://doi.org/10.1371/journal.pone.0320771.t002

so that each row corresponds to a single pixel within the channel, with the first row corre-
sponding to the outlet of the channel and the last row corresponding to the upper limit of the
channel.

4 Technical validation

As discussed above, the channels that make up GDBM are extracted using a conservative
drainage area threshold to maximise the likelihood that the dataset consists of true channels.
We explore the impact that selecting such a parsimonious drainage area threshold may have
on the parameters extracted for each channel through a sensitivity analysis. The full chan-
nel extraction process was run using drainage area thresholds +25% of the standard value of
22.5 km?. Fig 3 shows the distribution of the NCI statistic for the four broad climate cate-
gories for each of the drainage thresholds. From these distributions we can conclude that the
choice of drainage threshold does not have a meaningful impact on channel properties within
GDBM at these scales.

Fig 4a shows the distribution of the NCI statistic, under differing levels of filtering based
on the hydrological correction quality assurance metric. When the dataset only retains chan-
nels where less than 0.5% (n=163,383) or 0.1% (n=136,530) of the total channel length have
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Table 3. Details of the variables recorded within each individual river file. Note that the order of rows in this table
corresponds to the order of the columns within the dataset.

Variable name Description Units
row Row-wise pixel coordinate within the climate sub-zone tile. -

col Column-wise pixel coordinate within the climate sub-zone tile. -
latitude Latitude of a channel pixel recorded using WGS84 datum with EPSG code |decimal

4326. Northern hemisphere values are positive and southern hemisphere |degrees
values are negative.
longitude Longitude of a channel pixel recorded using WGS84 datum with EPSG decimal
code 4326. Eastern hemisphere values are positive and western hemisphere [degrees
values are negative.
elevation The elevation above sea level of a channel pixel. m

flow length The cumulative upstream flow distance of the channel. Note that the first |m
row of the dataset does not equal zero and must be subtracted from all
flow length values if comparisons between rivers are to be made.

drainage area The cumulative upslope drainage area of a channel pixel. Drainage area m?
values increase with downstream distance.

basin key An internal LSDTopoTools ID, used here to assign river numbers in each |-
river’s unique name.

flow direction An integer flag denoting the flow direction of a channel pixel, as computed |-

using the Fastscape algorithm [61]. O denotes North, and values increment
clockwise, concluding with Northwest denoted by 7.

aridity index The sampled Aridity Index [32,33] value for a channel pixel, the sampling |-
process is described in detail in Sect 2.4.
pit flag A boolean variable set to 1 if a pixel has been modified in excess of the -

vertical error in the SRTM data by the hydrological correction and 0 if it
remains unmodified.

perimeter pixel count The number of pixels that make up the basin perimeter. -
area pixel count The number of pixels that make up the basin area. -
easting The easting of the channel pixel in UTM. m
northing The northing of the channel pixel in UTM. m

https://doi.org/10.1371/journal.pone.0320771.t003

been impacted by the hydrological correction process, there is limited variation in the distri-
bution of NCI values, even though there is a large reduction in the number of channels that
pass these threshold when compared to the unfiltered dataset.

A similar process can be applied to explore how anomalous channel straightness may
impact the dataset (Fig 4b). In this case, there is a large reduction in the median values when
channels with greater than 0.1% of their total length being flagged as straight are excluded.
For most applications, this will be an overly prescriptive level of filtering, as for the median
length river in the dataset (31,897 m), this corresponds to a straight length of approximately
32m, or less than 2 pixels. However, using a more appropriate threshold of 0.5% preserves the
same distribution and median as the unfiltered dataset.

A frequently espoused limitation of topographically defined channels, particularly those
extracted from global topographic datasets, is their inability to capture channel sinuosity.

We explore the ability of GDBM to capture large scale channel sinuosity, by segmenting

each channel into 10 km long reaches and calculating the ratio of channel flow length to the
straight line distance between the start and end point of each reach. If this sinuosity ratio is
greater than 1, the flow length of a reach is longer than the Euclidean distance, indicating a
meandering channel planform. In cases where the sinuosity ratio is less than 1, the channel is
meandering at much longer wavelengths. Fig 5 demonstrates the relationship between these
two distance metrics, and that GDBM is indeed capturing channel sinuosity at an appropriate
scale.

PLOS ONE | https://doi.org/10.1371/journal.pone.0320771  April 7, 2025 10/ 18



https://doi.org/10.1371/journal.pone.0320771.t003
https://doi.org/10.1371/journal.pone.0320771

PLOS ONE

GDBM: A database of global drainage basin morphology

Tropical Arid Temperate Cold

A |
didiid

16.9 22.5 28.1 16 9 22 5 28 1 16 9 22 5 28 1 16 9 22 5 28 1

0.4

NCI

Drainage area (km?)

Fig 3. Violin plots of NCI values calculated for every channel within GDBM, grouped into broad Képpen-Geiger
climate zones. For each climate category, three channel initiation thresholds have been used to explore the influence
of this parameter on the consistency of the dataset as a whole. White bar on each violin corresponds to the median
value.

https://doi.org/10.1371/journal.pone.0320771.g003

The validity of extracted channels can also be assessed through direct comparison with
existing global channel network datasets. Fig 6 shows example GDBM channels from the four
broad climate zones, alongside HydroSHEDS [19] channels from the same geographic region.
The motivation of these comparisons is not to critique existing datasets, but rather to demon-
strate the validity of GDBM and to draw distinctions between the datasets and their different
use cases. By design, GDBM channels are sparser than the HydroSHEDS channels due to the
parsimonious design of GDBM to only extract the longest channel within each basin, using
a conservative drainage area threshold. Across all four climate zones, the GDBM data shows
broad agreement with the HydroSHEDS channels, however in the lower relief arid exam-
ple (Fig 6b) the HydroSHEDS channels do not follow the higher resolution GDBM channel,
highlighting the challenges of extracting dense networks in such terrain. When comparing a
GDBM channel to its HydroSHEDS counterpart, we generally observe a more sinuous chan-
nel planform, conforming to the landscape morphology. This improved representation of sin-
uosity is a function of the resolution of the topographic data used to create GDBM, and pro-
vides us with confidence that the channel profile data contained within GDBM is a reasonable
representation of the true channel morphology at these spatial scales.

5 Usage notes

Version 1.0.0 of the GDBM dataset has been uploaded to the Zenodo data repository [65],
this is the canonical location to access this and any future versions of the dataset. All of the
GDBM data is in a csv format, designed for maximum interoperability between different
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Fig 4. Violin plots of NCI values calculated for every channel within GDBM, grouped into broad Képpen-Geiger
climate zones. For each climate category, three levels of filtering using quality control metrics are used, to explore the
potential impact of the channel extraction process on measures of channel morphology. Data is filtered to exclude
channels which have a quality control metric exceeding the reported value. A value of 100 indicates no filtering has
been applied. a) number of hydrologically corrected pixels as a proportion of total channel length. b) length of longest
straight channel segment as a proportion of total channel length. White bar on each violin corresponds to the median
value.

https://doi.org/10.1371/journal.pone.0320771.g004
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Fig 5. Violin plots of the sinuosity ratios calculated for every 10 km reach within the dataset. Sinuosity data

is grouped into broad Koppen-Geiger climate zones, as well as aggregated into a single dataset. Extreme outliers
accounting for approximately 0.01% of the data has been excluded to enhance clarity of the plot. In each case the
majority of reaches demonstrate a sinuosity ratio above 1, corresponding to the identification of meandering channel
planforms within GDBM. White bar on each violin denotes the median value.

https://doi.org/10.1371/journal.pone.0320771.g005

analysis environments. Due to the volume of data it is expected that users of the dataset will
interrogate GDBM programatically. The authors recommend the use of NumPy [66] and pan-
das [67,68] to read and analyse the data, or their equivalents in other programming languages.
Individual channel planforms can be visualised inside any modern GIS package, for example
QGIS [69].

Code to generate all of these data, end to end (including full documentation), will
be archived alongside this paper (prior to publication, this code can be accessed at
https://github.com/sgrieve/gdbm). The code has been developed to run on the QMUL Apoc-
rita HPC facility [70], which runs Univa Grid Engine, and so job scripts, file paths and virtual
environments will need to be adapted to run the code on other HPC systems. However, the
actual data processing code will not need to be modified between systems. The authors note
that there is a considerable energy cost to running code on HPC systems [71], with the gen-
eration of this dataset estimated to consume 188 kg CO, equivalent [72]. However, in most
use cases, there should be no need to re-generate the GDBM data from scratch, lowering the
overall environmental cost of this research. Avoiding data re-processing through data shar-
ing is an important component of lowering the climate impact of computational research.
Alongside the code to generate the GDBM data, code to generate the figures in this paper is
included, which acts as additional documentation of how these data can be analysed using
Python.
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6 Code availability

All code used in the generation and processing of GDBM, in addition to the code used to gen-
erate the figures in this paper have been released under the open source MIT Licence and are
available online (https://github.com/sgrieve/gdbm). All parameters used within the processing
workflow are documented within the code repository.

Acknowledgments

The authors thank the creators of the datasets used in this study for making them publicly
available. This research utilised Queen Mary’s Apocrita HPC facility, supported by QMUL
Research-IT. http://doi.org/10.5281/zenod0.438045.

Author contributions

Conceptualization: Michael B. Singer, Katerina Michaelides.
Data curation: Stuart W. D. Grieve.
Investigation: Michael B. Singer, Shiuan-An Chen, Katerina Michaelides.

Methodology: Stuart W. D. Grieve, Michael B. Singer, Shiuan-An Chen, Katerina
Michaelides.

Software: Stuart W. D. Grieve.
Visualization: Stuart W. D. Grieve, Shiuan-An Chen.
Writing - original draft: Stuart W. D. Grieve.

Writing - review & editing: Stuart W. D. Grieve, Michael B. Singer, Shiuan-An Chen, Kate-
rina Michaelides.

References

1. Leopold LB, Wolman MG, Miller JP. Fluvial processes in geomorphology. New York, NY: Dover
Publications, Inc.; 1964. Available from: htip://pubs.er.usgs.gov/publication/70185663

2. Hack JT. Studies of longitudinal stream profiles in Virginia and Maryland. US Geol Surv Profess
Paper. 1957;294B:45-97. https://doi.org/10.3133/pp294b

3. Sidle RC, Gomi T, Tsukamoto Y. Discovery of zero-order basins as an important link for progress in
hydrogeomorphology. Hydrol Process. 2018;32(19):3059-65. https://doi.org/10.1002/hyp.13246

4. Castelltort S, Simpson G, Darrioulat A. Slope-control on the aspect ratio of river basins. Terra Nova.
2009;21(4):265-70. https://doi.org/10.1111/1.1365-3121.2009.00880.x

5. Clubb FJ, Mudd SM, Hurst MD, Grieve SWD. Differences in channel and hillslope geometry record
a migrating uplift wave at the Mendocino triple junction, California, USA. Geology.
2019;48(2):184-8. https://doi.org/10.1130/946939.1

6. Hurst MD, Grieve SWD, Clubb FJ, Mudd SM. Detection of channel-hillslope coupling along a
tectonic gradient. Earth Planet Sci Lett. 2019;522:30-9. https://doi.org/10.1016/j.epsl.2019.06.018

7. Godard V, Hippolyte JC, Cushing E, Espurt N, Fleury J, Bellier O, et al. Hillslope denudation and
morphologic response to a rock uplift gradient. Earth Surf Dyn. 2020;8(2):221-43.
doi:10https://doi.org/10.5194/esurf-8-221-2020

8. Zaprowski BJ, Pazzaglia FJ, Evenson EB. Climatic influences on profile concavity and river incision.
J Geophys Res. 2005;110(F3). hitps://doi.org/10.1029/2004{f000138

9. Ferrier KL, Huppert KL, Perron JT. Climatic control of bedrock river incision. Nature.
2013;496(7444):206-9. https://doi.org/10.1038/nature11982

10. Chen S-A, Michaelides K, Grieve SWD, Singer MB. Aridity is expressed in river topography globally.
Nature. 2019;573(7775):573-7. hitps://doi.org/10.1038/s41586-019-1558-8 PMID: 31527826

11. Singer MB, Grieve SWD, Chen S, Michaelides K. Climatic controls on the length and shape of the
World’s Drainage Basins. Geophys Res Lett. 2024;51(24). https://doi.org/10.1029/202491111220

PLOS ONE | https://doi.org/10.1371/journal.pone.0320771  April 7, 2025 15/18



http://pubs.er.usgs.gov/publication/70185663
https://doi.org/10.3133/pp294b
https://doi.org/10.1002/hyp.13246
https://doi.org/10.1111/j.1365-3121.2009.00880.x
https://doi.org/10.1130/g46939.1
https://doi.org/10.1016/j.epsl.2019.06.018
https://doi.org/10.5194/esurf-8-221-2020
https://doi.org/10.1029/2004jf000138
https://doi.org/10.1038/nature11982
https://doi.org/10.1038/s41586-019-1558-8
http://www.ncbi.nlm.nih.gov/pubmed/31527826
https://doi.org/10.1029/2024gl111220
https://doi.org/10.1371/journal.pone.0320771

PLOS ONE

GDBM: A database of global drainage basin morphology

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Jaeger KL, Ross MRV. Identifying geomorphic process domains in the synthetic landscapes of West
Virginia, USA. JGR Earth Surf. 2021;126(3). https://doi.org/10.1029/2020jf005851

Zimmermann A, Church M. Channel morphology, gradient profiles and bed stresses during flood in
a step—pool channel. Geomorphology. 2001;40(3—4):311-27.
https://doi.org/10.1016/s0169-555x(01)00057-5

Slater LJ, Singer MB. Imprint of climate and climate change in alluvial riverbeds: Continental United
States, 1950-2011. Geology. 2013;41(5):595-8. https://doi.org/10.1130/934070.1

Willett SD, McCoy SW, Perron JT, Goren L, Chen C-Y. Dynamic reorganization of river basins.
Science. 2014;343(6175):1248765. https://doi.org/10.1126/science.1248765 PMID: 24604204

Goren L, Willett SD, Herman F, Braun J. Coupled numerical-analytical approach to landscape
evolution modeling. Earth Surf Process Landf. 2014;39(4):522—45. https://doi.org/10.1002/esp.3514

Hobley DEJ, Adams JM, Nudurupati SS, Hutton EWH, Gasparini NM, Istanbulluoglu E, et al.
Creative computing with Landlab: An open-source toolkit for building, coupling, and exploring
two-dimensional numerical models of Earth-surface dynamics; 2016.
https://doi.org/10.5194/esurf-2016-45

Yamazaki D, lkeshima D, Sosa J, Bates PD, Allen GH, Pavelsky TM. MERIT Hydro: A
high-resolution global hydrography map based on latest topography dataset. Water Resour Res.
2019;55(6):5053-73. hitps://doi.org/10.1029/2019wr024873

Lehner B, Verdin K, Jarvis A. New global hydrography derived from spaceborne elevation data. EoS
Trans. 2008;89(10):93—4. https://doi.org/10.1029/2008e0100001

Verdin KL. Hydrologic Derivatives for Modeling and Analysis—A new global high-resolution
database. Data Series. 2017. https://doi.org/10.3133/ds1053

He C, Yang C-J, Turowski JM, Ott RF, Braun J, Tang H, et al. A global dataset of the shape of
drainage systems. Earth Syst Sci Data. 2024;16(2):1151-66.
https://doi.org/10.5194/essd-16-1151-2024

UK Centre for Ecology and Hydrology. UKCEH digital river network of Great Britain (1:50,000);
2000. Available from:
https://catalogue.ceh.ac.uk/documents/7d5e42b6-7729-46¢c8-99e9-f9edefddde1d

Jaeger KL, Sutfin NA, Tooth S, Michaelides K, Singer M. Geomorphology and sediment regimes of
intermittent rivers and ephemeral streams. Intermittent Rivers and Ephemeral Streams; 2017 p.
21-49. https://doi.org/10.1016/b978-0-12-803835-2.00002-4

Messager ML, Lehner B, Cockburn C, Lamouroux N, Pella H, Snelder T, et al. Global prevalence of
non-perennial rivers and streams. Nature. 2021;594(7863):391-7.
https://doi.org/10.1038/s41586-021-03565-5

Shen X, Anagnostou EN, Mei Y, Hong Y. A global distributed basin morphometric dataset. Sci Data.
2017;4(1). https://doi.org/10.1038/sdata.2016.124

Yan D, Wang K, Qin T, Weng B, Wang H, Bi W, et al. A data set of global river networks and
corresponding water resources zones divisions. Sci Data. 2019;6(1).
https://doi.org/10.1038/s41597-019-0243-y

Lin P, Pan M, Wood EF, Yamazaki D, Allen GH. A new vector-based global river network dataset
accounting for variable drainage density. Sci Data. 2021;8(1).
https://doi.org/10.1038/s41597-021-00819-9

Wohl E. The challenges of channel heads. Earth-Sci Rev. 2018;185:649-64.
https://doi.org/10.1016/j.earscirev.2018.07.008

Grieve SWD, Mudd SM, Milodowski DT, Clubb FJ, Furbish DJ. How does grid-resolution modulate
the topographic expression of geomorphic processes? Earth Surf Dyn. 2016;4(3):627-53.
https://doi.org/10.5194/esurf-4-627-2016

Tarboton DG, Bras RL, Rodriguez-lturbe I. On the extraction of channel networks from digital
elevation data. Hydrol Process. 1991;5(1):81-100. https://doi.org/10.1002/hyp.3360050107

Peel MC, Finlayson BL, McMahon TA. Updated world map of the Kdppen-Geiger climate
classification. Hydrol Earth Syst Sci. 2007;11(5):1633—44.
https://doi.org/10.5194/hess-11-1633-2007

Zomer RJ, Trabucco A, Bossio DA, Verchot LV. Climate change mitigation: A spatial analysis of
global land suitability for clean development mechanism afforestation and reforestation. Agric
Ecosyst Environ. 2008;126(1-2):67-80. https://doi.org/10.1016/.agee.2008.01.014

Trabucco A, Zomer R. Global aridity index (global-aridity) and global potential evapo-transpiration
(global-PET) geospatial database; 2009.

Lehner B, Doll P. Development and validation of a global database of lakes, reservoirs and
wetlands. J Hydrol. 2004;296(1—4):1-22. https://doi.org/10.1016/.jhydrol.2004.03.028

PLOS ONE | https://doi.org/10.1371/journal.pone.0320771  April 7, 2025 16/ 18



https://doi.org/10.1029/2020jf005851
https://doi.org/10.1016/s0169-555x(01)00057-5
https://doi.org/10.1130/g34070.1
https://doi.org/10.1126/science.1248765
http://www.ncbi.nlm.nih.gov/pubmed/24604204
https://doi.org/10.1002/esp.3514
https://doi.org/10.5194/esurf-2016-45
https://doi.org/10.1029/2019wr024873
https://doi.org/10.1029/2008eo100001
https://doi.org/10.3133/ds1053
https://doi.org/10.5194/essd-16-1151-2024
https://catalogue.ceh.ac.uk/documents/7d5e42b6-7729-46c8-99e9-f9e4efddde1d
https://doi.org/10.1016/b978-0-12-803835-2.00002-4
https://doi.org/10.1038/s41586-021-03565-5
https://doi.org/10.1038/sdata.2016.124
https://doi.org/10.1038/s41597-019-0243-y
https://doi.org/10.1038/s41597-021-00819-9
https://doi.org/10.1016/j.earscirev.2018.07.008
https://doi.org/10.5194/esurf-4-627-2016
https://doi.org/10.1002/hyp.3360050107
https://doi.org/10.5194/hess-11-1633-2007
https://doi.org/10.1016/j.agee.2008.01.014
https://doi.org/10.1016/j.jhydrol.2004.03.028
https://doi.org/10.1371/journal.pone.0320771

PLOS ONE

GDBM: A database of global drainage basin morphology

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Gillies S, et al. Shapely: Manipulation and analysis of geometric objects; 2007. Available from:
https://github.com/shapely/shapely

Veregin H. Error modeling for the map overlay operation. In: Goodchild M, Gopal S, editors. The
accuracy of spatial databases. vol. 290. Taylor & Francis London; 1989. p. 2—11.

Farr TG, Rosen PA, Caro E, Crippen R, Duren R, Hensley S, et al. The Shuttle Radar Topography
Mission. Rev Geophys. 2007;45(2). https://doi.org/10.1029/2005rg000183

NASA JPL. NASA Shuttle Radar Topography Mission Global 1 arc second; 2013. Available from:
hitps://lpdaac.usgs.gov/products/srtmgl1v003/

Ott RF. How lithology impacts global topography, vegetation, and animal biodiversity: A global-scale
analysis of mountainous regions. Geophys Res Lett. 2020;47(20).
https://doi.org/10.1029/202091088649

Rodriguez E, Morris CS, Belz JE. A global assessment of the SRTM performance. Photogramm
Eng Remote Sensing. 2006;72(3):249-60. hitps://doi.org/10.14358/pers.72.3.249

OpenTopography. Shuttle Radar Topography Mission (SRTM) global; 2013. Available from:
https://opentopography.org/meta/OT.042013.4326.1

GDAL/OGR contributors. GDAL/OGR Geospatial Data Abstraction software Library; 2022. Available
from: hitps://gdal.org

Lindsay JB, Creed IF. Sensitivity of digital landscapes to artifact depressions in remotely-sensed
DEMs. Photogramm Eng Remote Sensing. 2005;71(9):1029-36.
https://doi.org/10.14358/pers.71.9.1029

Martz LW, Garbrecht J. The treatment of flat areas and depressions in automated drainage analysis
of raster digital elevation models. Hydrol Process. 1998;12(6):843-55.
https://doi.org/10.1002/(sici)1099-1085(199805)12:6<843::aid-hyp658>3.0.c0;2-r

Mudd SM, Clubb FJ, Grieve SWD, Milodowski DT, Gailleton B, Hurst MD, et al. LSDTopoTools2
v0.5; 2021. Available from: hitps://doi.org/10.5281/zenodo.5788576

Wang L, Liu H. An efficient method for identifying and filling surface depressions in digital elevation
models for hydrologic analysis and modelling. Int J Geogr Inform Sci. 2006;20(2):193—-213.
https://doi.org/10.1080/13658810500433453

Clubb FJ, Mudd SM, Attal M, Milodowski DT, Grieve SWD. The relationship between drainage
density, erosion rate, and hilltop curvature: Implications for sediment transport processes. J
Geophys Res Earth Surf. 2016;121(10):1724-45. https://doi.org/10.1002/2015{f003747

Grieve SWD, Hales TC, Parker RN, Mudd SM, Clubb FJ. Controls on zero-order basin morphology.
JGR Earth Surf. 2018;123(12):3269-91. htips://doi.org/10.1029/2017{f004453

Gailleton B, Mudd SM, Clubb FJ, Grieve SWD, Hurst MD. Impact of changing concavity indices on
channel steepness and divide migration metrics. JGR Earth Surf. 2021;126(10).
https://doi.org/10.1029/2020{f006060

Callaghan KL, Wickert AD. Computing water flow through complex landscapes — Part 1:
Incorporating depressions in flow routing using FlowFill. Earth Surf Dynam. 2019;7(3):737-53.
https://doi.org/10.5194/esurf-7-737-2019

Barnes R, Callaghan KL, Wickert AD. Computing water flow through complex landscapes — Part 2:
Finding hierarchies in depressions and morphological segmentations. Earth Surf Dynam.
2020;8(2):431-445. https://doi.org/10.5194/esurf-8-431-2020

Barnes R, Callaghan KL, Wickert AD. Computing water flow through complex landscapes — Part 3:
Fill-Spill-Merge: Flow routing in depression hierarchies. Earth Surf Dynam. 2021;9(1):105-21.
https://doi.org/10.5194/esurf-9-105-2021

Montgomery DR, Dietrich WE. Where do channels begin? Nature. 1988;336(6196):232—4.
https://doi.org/10.1038/336232a0

Clubb FJ, Mudd SM, Milodowski DT, Hurst MD, Slater LJ. Objective extraction of channel heads
from high-resolution topographic data. Water Resour Res. 2014;50(5):4283-304.
https://doi.org/10.1002/2013wr015167

Passalacqua P, Do Trung T, Foufoula-Georgiou E, Sapiro G, Dietrich WE. A geometric framework
for channel network extraction from lidar: Nonlinear diffusion and geodesic paths. J Geophys Res.
2010;115(F1). https://doi.org/10.1029/2009{f001254

Orlandini S, Tarolli P, Moretti G, Dalla Fontana G. On the prediction of channel heads in a complex
alpine terrain using gridded elevation data. Water Resour Res. 2011;47(2).
https://doi.org/10.1029/2010wr009648

Pelletier JD. A robust, two-parameter method for the extraction of drainage networks from

high-resolution digital elevation models (DEMs): Evaluation using synthetic and real-world DEMs.
Water Resour Res. 2013;49(1):75-89. htips://doi.org/10.1029/2012wr012452

PLOS ONE | https://doi.org/10.1371/journal.pone.0320771  April 7, 2025 17/18



https://github.com/shapely/shapely
https://doi.org/10.1029/2005rg000183
https://lpdaac.usgs.gov/products/srtmgl1v003/
https://doi.org/10.1029/2020gl088649
https://doi.org/10.14358/pers.72.3.249
https://opentopography.org/meta/OT.042013.4326.1
https://gdal.org
https://doi.org/10.14358/pers.71.9.1029
https://doi.org/10.1002/(sici)1099-1085(199805)12:6<843::aid-hyp658>3.0.co;2-r
https://doi.org/10.5281/zenodo.5788576
https://doi.org/10.1080/13658810500433453
https://doi.org/10.1002/2015jf003747
https://doi.org/10.1029/2017jf004453
https://doi.org/10.1029/2020jf006060
https://doi.org/10.5194/esurf-7-737-2019
https://doi.org/10.5194/esurf-8-431-2020
https://doi.org/10.5194/esurf-9-105-2021
https://doi.org/10.1038/336232a0
https://doi.org/10.1002/2013wr015167
https://doi.org/10.1029/2009jf001254
https://doi.org/10.1029/2010wr009648
https://doi.org/10.1029/2012wr012452
https://doi.org/10.1371/journal.pone.0320771

PLOS ONE

GDBM: A database of global drainage basin morphology

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Grieve SWD, Mudd SM, Hurst MD, Milodowski DT. A nondimensional framework for exploring the
relief structure of landscapes. Earth Surf Dynam. 2016;4(2):309-25.
https://doi.org/10.5194/esurf-4-309-2016

O’Callaghan JF, Mark DM. The extraction of drainage networks from digital elevation data. Comput
Vis Graph Image Process. 1984;28(3):323—44. https://doi.org/10.1016/s0734-189x(84)80011-0
Band LE. Topographic partition of watersheds with digital elevation models. Water Resour Res.
1986;22(1):15-24. https://doi.org/10.1029/wr022i001p00015

Braun J, Willett SD. A very efficient O(n), implicit and parallel method to solve the stream power
equation governing fluvial incision and landscape evolution. Geomorphology. 2013;180—-181:170-9.
https://doi.org/10.1016/j.geomorph.2012.10.008

Gravelius H. Grundrifi der gesamten Gewcisserkunde Band I: Flufikunde. In: Compendium of
hydrology, vol. I. Rivers. Berlin, Germany: Goschen; 1914 (in German).

Breyer SP, Scott Snow R. Drainage basin perimeters: A fractal significance. Geomorphology.
1992;5(1-2):143-57. https://doi.org/10.1016/0169-555x(92)90062-s

Sassolas-Serrayet T, Cattin R, Ferry M. The shape of watersheds. Nat Commun. 2018;9(1):3791.
https://doi.org/10.1038/s41467-018-06210-4 PMID: 30224698

Grieve SWD, Singer MB, Chen SA, Michaelides K. Global Drainage Basin Morphology (GDBM)
dataset; 2023. Available from: https://zenodo.org/record/7970485

Harris CR, Millman KJ, van der Walt SJ, Gommers R, Virtanen P, Cournapeau D, et al. Array
programming with NumPy. Nature. 2020;585(7825):357—62.
https://doi.org/10.1038/s41586-020-2649-2 PMID: 32939066

McKinney W. Data structures for statistical computing in Python. In: Proceedings of the Python in
science conference; 2010. p. 56-61. hitps://doi.org/10.25080/majora-92bf1922-00a

The Pandas Development Team. pandas-dev/pandas: Pandas 1.4.4; 2022. Available from:
https://doi.org/10.5281/zenodo.3509134

QGIS Development Team. QGIS geographic information system; 2022. Available from:
https://www.qgqis.org.

King T, Butcher S, Zalewski L. Apocrita — High performance computing cluster for Queen Mary
University of London. Zenodo; 2017. https://zenodo.org/record/438045

Portegies Zwart S. The ecological impact of high-performance computing in astrophysics. Nat
Astron. 2020;4(9):819-22. https://doi.org/10.1038/s41550-020-1208-y

Lannelongue L, Grealey J, Inouye M. Green algorithms: Quantifying the carbon footprint of
computation. Adv Sci. 2021;8(12). https://doi.org/10.1002/advs.202100707

PLOS ONE | https://doi.org/10.1371/journal.pone.0320771  April 7, 2025 18/ 18



https://doi.org/10.5194/esurf-4-309-2016
https://doi.org/10.1016/s0734-189x(84)80011-0
https://doi.org/10.1029/wr022i001p00015
https://doi.org/10.1016/j.geomorph.2012.10.008
https://doi.org/10.1016/0169-555x(92)90062-s
https://doi.org/10.1038/s41467-018-06210-4
http://www.ncbi.nlm.nih.gov/pubmed/30224698
https://zenodo.org/record/7970485
https://doi.org/10.1038/s41586-020-2649-2
http://www.ncbi.nlm.nih.gov/pubmed/32939066
https://doi.org/10.25080/majora-92bf1922-00a
https://doi.org/10.5281/zenodo.3509134
https://www.qgis.org
https://zenodo.org/record/438045
https://doi.org/10.1038/s41550-020-1208-y
https://doi.org/10.1002/advs.202100707
https://doi.org/10.1371/journal.pone.0320771

	GDBM: A database of global drainage basin morphology
	Introduction
	Materials and methods
	Climate zone processing
	Topographic data processing
	Channel extraction
	Aridity index processing
	Channel and basin morphometric calculations
	Quality assurance metrics

	Results
	Data records
	Aggregate data.
	Individual river data.


	Technical validation
	Usage notes
	Code availability
	References




