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This document is wri:en for spa<al analysts and conserva<on planners and intended to provide a quick overview 
of spa<al data and tools available to support freshwater-focused spa<al planning in countries and regions where 
rivers, wetlands, and watersheds have not been mapped at a fine scale or in a format that supports watershed-
level analysis for conserva<on planning. This document is not meant to provide guidance for conserva<on 
planning. Many resources exist to guide conserva<on planning for freshwater ecosystems and biodiversity, 
including the recently published IUCN Technical Report ‘Designing and managing protected and conserved areas 
to support inland water ecosystems and biodiversity’ by Moberg et al. (2024). Several case studies are available 
in an issue of Freshwater Biology devoted to freshwater conserva<on planning edited by Turak and Linke (2011). 
Also note that this guidance describes op<ons for developing a hydrographic analysis framework, specifically 
river hydrography and watersheds, and does not cover remote sensing applica<ons and plaWorms for mapping 
and analysis of wetlands. 
 
Spa<al conserva<on planning seeks to answer fundamental ques<ons of where to direct resources to achieve 
greatest enduring benefit for biodiversity conserva<on and local community values, and balance tradeoffs with 
economic development. These ques<ons include: What biodiversity, species, and habitats are conserva3on 
priori3es and/or best represent the area of interest? How much to conserve, or which 30% of the planning 
geography, to meet 30x30 Global Biodiversity Framework (GBF) targets? Where are species and habitats s3ll 
intact, or in sufficient condi3on to withstand future threats? Where are the intersec3ons with socio-cultural 
values and poten3al ecosystem service benefits? What configura3on of areas will maintain connec3vity and 
ecological processes? What configura3on of areas will minimize conflict with economic development?  
 
Spa$al data development to support conserva$on planning 
 
Effec<ve conserva<on of freshwater biodiversity and ecosystems must be based on the key ecological a:ributes 
of freshwater ecosystems. Therefore, spa<al conserva<on planning ideally includes the following steps. 

a. Define and map freshwater ecosystem types – o[en a biophysical classifica<on or typology of rivers, 
lakes, and wetlands, based on stream characteris<cs such as discharge/flow regimes (usually with 
proxies such as drainage area and climate factors), network posi<on (headwaters streams to large rivers), 
and stream physical habitat (with proxies such as stream gradient), and watershed characteris<cs such as 
hydrogeology, climate, and dominant vegeta<on. Higgins et al. (2005) developed an approach to classify 
and map aqua<c ecosystems based on zoogeography and abio<c factors that has been applied widely in 
regional conserva<on plans. Several case studies describing applica<ons of aqua<c ecosystem 
classifica<ons and environmental surrogates in conserva<on planning are included in Turak and Linke 
(2011).  

b. Iden<fy focal species, typically na<ve fish, herpetofauna, aqua<c megafauna, and/or other endemic and 
migratory species, and map their distribu<ons. This is always constrained by exis<ng survey data (and 
sampling bias) and species distribu<on models. Therefore, conserva<on planning o[en employs a 
coarse-filter (ecosystems and habitat types) / fine-filter (na<ve species distribu<ons) strategy in defining 
focal biodiversity elements to make best use of exis<ng data to represent mul<ple levels of organiza<on 
across species, ecosystems, and ecological processes. 

c. Assess ecological connec<vity as well as impacts and threats to connec<vity. For freshwater ecosystems, 
ecological connec<vity includes longitudinal connec<vity across river networks from headwater streams 
to large rivers, lateral connec<vity of the river to its floodplain, and hydrologic connec<vity to 
groundwater. Longitudinal connec<vity is essen<al for migra<ons, natural flows, other fundamental 
ecological processes such as sediment and nutrient transport. Lateral connec<vity of the river to its 
floodplain and adjacent riparian ecosystems is cri<cal for exchange of water, sediment, nutrients, 



organisms and bio<c interac<ons.  
d. Assess freshwater ecological condi<on based on instream and terrestrial disturbances/threats, 

considering metrics of upstream land use, popula<on, infrastructure, industrial development, and their 
cumula<ve impacts, ideally organized around impacts to individual Key Ecological A:ributes (KEAs). For 
examples, see Thornbrugh et al. (2018), Flotemersch et al. (2016), Khoury et al. (2011), and Heiner et al. 
(2011). 

e. Assess current protec<ons and management status – representa<on or coverage of freshwater 
ecosystems and their watersheds in protected areas and other management categories, i.e. local 
coverage of rivers and wetlands as well as watershed-level protec<on and management upstream. 

f. Assess ongoing and future threats, primarily from economic development, based on development trends 
and resource poten<al for mining, energy (petroleum, hydropower, other renewables), forestry, 
agriculture (including livestock grazing) and agro-forestry, fisheries and aquaculture, as well as urban 
expansion. 

g. Use or develop a spa<al data framework to house and analyze the informa<on described above to 
support conserva<on planning. Ideally, the framework delineates rivers and their watersheds, supports 
watershed analysis, and represents longitudinal network connec<vity (topology) from headwaters to 
estuaries. 

 
Spa$al data available to support spa$al conserva$on planning 
 
In much of the world, rivers and wetlands have not been mapped accurately or consistently or in a format that 
allows analysis of watersheds and river networks to support spa<al conserva<on planning. This is true 
par<cularly in developing countries that face the dual, compounding challenge of rapid natural resource 
development and limited biological and biophysical data to support proac<ve conserva<on planning and 
mi<ga<on. Several data sources exist for mapping rivers, wetlands, and watersheds, and these generally fall into 
three categories: global spa<al datasets and databases, hydrographic features delineated with a spa<al model, 
and cartographic features in na<onal and regional maps. Each has advantages and disadvantages as described 
below, and data development for conserva<on planning may draw from all three categories. Whether to use 
exis<ng global datasets or develop finer-scale hydrographic data is largely a project management decision that 
depends on the project <meline, analysis objec<ves, and technical capacity of the planning team.   
1. Global datasets are available in a consistent format across the world and contain a large range of useful 

a:ributes including biophysical factors, climate, and land use, and therefore can support global assessments 
and rapid na<onal and regional assessments. However, river and wetland features in global datasets are 
typically delineated at a coarse spa<al scale and the a:ributes are derived from globally-available sources, 
also at a coarse spa<al scale, and so have limits in terms of spa<al scale and thema<c a:ributes. Notably, 
es<mates of discharge based on global hydro-clima<c models are accurate at a coarse, regional scale and 
have limited use for dis<nguishing perennial, intermi:ent, and ephemeral flows of individual rivers, 
par<cularly in arid and semi-arid regions. Ideally, a freshwater spa<al conserva<on plan will use or develop 
spa<al data for rivers and wetlands at a scale fine enough to direct wetland protec<ons, and also assess 
condi<on and threats with land use data such as mining and energy leases, forest concessions, livestock 
census units, and water infrastructure. That land use informa<on is typically dynamic, requiring regular 
updates, and is managed na<onally by government agencies and generally not available in global databases.  
Table 1 below lists and briefly describes several globally-available datasets for rivers, wetlands, and 
watersheds. 
 

2. Hydrographic features can be delineated with a spa<al model at a rela<vely fine spa<al scale.  A variety of 
data sources and tools exist for delinea<ng rivers, wetlands, and watersheds with a spa<al flow model similar 
to that used to produce the global databases, also derived from a hydrologically-condi<oned digital eleva<on 
model (DEM) but at a finer resolu<on, typically at 3 arc-seconds resolu<on (approximately 90m). The 



hydrographic features and flow model provide a framework for building a database of biophysical and land 
use a:ributes to support conserva<on planning. However, that data development requires <me and 
capacity. The TNC Global Durable Freshwater Protec<on team may be able to provide technical advice and 
assistance with mapping and data development to build a freshwater spa<al planning database. Table 2 
below lists several data sources and tools for DEM-derived hydrography. Note that though any DEM can be 
modified with sink filling func<ons to delineate hydrographic features, robust hydrologic condi<oning (e.g. 
HydroSHEDS 3 arc-seconds flow surfaces and MERIT Hydro, described below) more accurately preserves the 
topographic detail of river channels and floodplain wetlands.   
 

3. Cartographic features in na<onal and regional maps. These maps exist for most countries, o[en developed 
as paper maps through field surveys and aerial photo interpreta<on, and later digi<zed and the hydrographic 
features (rivers, water bodies, and wetland complexes) delineated. Mapping methods and map scale vary, 
map extents o[en end at na<onal borders, and the digi<zed features may contain few or no a:ributes and 
do not readily support watershed analysis. However, these cartographic features may be useful references to 
develop hydrographic spa<al models (item #2. above), and may include names of rivers and water bodies 
that are essen<al a:ributes for par<cipatory planning and database development. 

 
 

Table 1:  Global Datasets and Databases 
 
Rivers and watersheds 

Whether to use exis<ng global datasets or develop finer-scale hydrographic datasets (Table 2) is largely a project 
management decision that depends on the project <meline, analysis objec<ves, and technical capacity of the 
planning team.   
 
The HydroSHEDS family of data products includes several river databases built on one consistent global river 
network, watersheds delineated at a range of scales and organized as an interrelated hierarchy of sub-basins, 
lakes, wetlands, and several other features. These are listed and described below. 
 

HydroSHEDS is a set of gridded flow surfaces (including eleva<on, hydrologically condi<oned eleva<on, flow 
direc<ons, and flow accumula<on) that support spa<al modeling at several resolu<ons or spa<al scales.  The 
intermediate resolu<on product, at 15 arc-seconds (approx. 450m), is the basis for the global RiverATLAS, 
GloRiC, and Free-flowing Rivers datasets described below. The finest resolu<on product, at 3 arc-seconds 
(approx. 90m), is a useful source for deriving regional and na<onal hydrography as discussed below. 
 
HydroATLAS is a compila<on of a wide range of hydro-environmental a:ributes for rivers, watersheds, and 
lakes (Linke et al., 2019). 

RiverATLAS, GloRiC, and Free-flowing Rivers are all built on a global river network derived from 
HydroSHEDS at 15 arc-seconds (approx. 450m). RiverATLAS contains a large database of a:ributes 
describing hydrology, physiography, climate, landcover, soils/geology, and anthropogenic factors. 

BasinATLAS is a global watershed hierarchy, also derived from HydroSHEDS at 15 arc-seconds (approx. 
450m), and defined by Pfafste:er order. 

LakesATLAS is a global dataset of lakes and a:ributes describing hydrology, physiography, climate, 
landcover, soils/geology, and anthropogenic factors. 

 
Free-flowing Rivers is a global river database of connec<vity metrics and connec<vity status (Grill et al., 
2019). 
 



GloRiC is a biophysical rivers classifica<on based on hydrologic, physio-clima<c, and geomorphic factors 
(Ouellet Dallaire et al., 2019). 
 

Hydrologic Deriva<ves for Modeling and Analysis (HDMA; Verdin, 2017; data download) includes rivers, 
catchments, flow direc<ons, flow accumula<on, slope, and compound topographic index derived at 3 arc-
seconds (approximately 90m resolu<on) from a hybrid of HydroSHEDS (Lehner et al., 2008), GMTED2010 
(Danielson and Gesch, 2011), and SRTM (Farr and Kobrick, 2000). The vector river lines only include large rivers 
with catchments larger than 250 sq.km. The structure of the database is modeled on the Hydro1k database 
(Verdin and Jenson, 1996). This was developed to support con<nental scale modeling and analysis.     
 
Rivers and Water Resource Zones (Yan et al., 2019; data download) is derived from SRTM and ASTER GDEM V2 
DEM data at 3 arc-seconds (approximately 90m resolu<on) and manually-delineated large river lines to improve 
accuracy, but includes only large rivers with drainage basins larger than 100 sq.km., and a simple four-level 
hierarchy of watershed size classes, and does not include flow direc<ons. This was developed to support global, 
broad-scale hydrological modeling.   
 
Wetlands and waterbodies (not comprehensive) 

Mul<ple global wetlands datasets exist, derived from different sources with different methods, and with varying 
typology and a:ributes.  Several are listed below. Planning teams should review and assess each dataset to 
choose which datasets and which features are most accurate and relevant for their work. 
 
Global Wetlands with Fine Classifica<on System at 30m resolu<on (GWL_FCS30; data download) by Zhang et al. 
(2024) maps eight wetland types (permanent water, swamp, marsh, flooded flat, saline, mangrove forest, salt 
marsh and <dal flat) at 30m resolu<on by combining mul<ple global wetland products and a remote sensing 
<me-series (Landsat and Sen<nel-1 SAR). 
 
Global Lakes and Wetlands Database (GLWD v2) is a global map of inland surface waters classified as 33 
waterbody and wetland types (dis<nguishing riverine, lacustrine, palustrine types) at a raster resolu<on of 450m, 
created by harmonizing the best available ground- and satellite-based data sources. This was first developed in 
2004 and recently updated as version 2 (Lehner et al., in prep; data download). This is part of the HydroSHEDS 
family of hydro-environmental data products described above. Like all global datasets, the map scale is coarse 
(resolu<on is 450m) and so generally over-es<mates wetland area extent, par<cularly in arid regions. 
 

Several other global wetlands datasets include CIFOR-SWAMP Global Wetlands V3 (Gumbricht et al., 2017a; 
2017b; data download; web app), Mul<-source global wetland maps combining surface water imagery and 
groundwater constraints (Tootchi et al., 2019; data download), and Global non-floodplain wetlands (Lane et al., 
2023; data download). Note that these were developed for global analysis and generally over-represent the area 
extent of wetlands. 
  
Surface water extent and flooding dynamics may also be useful to map or model the loca<on, extent, and type of 
water bodies and wetlands at a rela<vely high resolu<on. Several global compila<ons of surface water data are 
available, including the following. 

• GLAD global surface water dynamics developed by the University of Maryland (Pickens et al., 2020; data 
download) 

• Global river flood hazard maps developed by the developed by the European Commission Joint Research 
Centre (Baugh et al, in prep; data download) 

• Global Surface Water (GSW) developed by the European Commission Joint Research Centre (Pekel et al., 
2016; data download) 



• Copernicus Global Land Service has produced global land cover products at 100m resolu<on (collec<on 
3, 2019) that include cover frac<on of permanent and seasonal water (Buchhorn et al., 2020; data 
download) 

 
 
Table 2:  Data sources for mapping fine-scale hydrographic features with a DEM-derived flow model 
 
HydroSHEDS (version 1) DEM-derived flow surfaces (Lehner et al., 2008; data download).  This is the finest-
resolu<on set of HydroSHEDS gridded flow products, at 3 arc-seconds (approx. 90m), and includes the 
hydrologically condi<oned DEM and flow direc<ons. This has been widely applied and tested to derive river 
networks and watersheds. Note that HydroSHEDS version 2, derived from TanDEM-X 12m, is expected later in 
2024 with significant improvement in scale and accuracy, and may become the gold standard for DEM-derived 
hydrography and topographic flow models. 

 
MERIT Hydro (Yamazaki et al., 2019; data download) is also a set of gridded flow surfaces at 3 arc-seconds 
(approx. 90m) derived from SRTM3 (Farr et al., 2007) and ALOS PRISM DEMs (Tadono et al., 2016) using a new 
method of hydrological condi<oning and flow delinea<on with improvement in accuracy of derived river lines 
and other topographic features. 
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