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Abstract

Continuity of water supply is critical for sustaining livelihoods of (Central Asian) mountain communities, which
are typically not connected to any regional water utility. Water supply is indispensable for household usage
incl sanitation, livestock survival, farming of agricultural crops and small-scale hydropower generation. In
mountain environments seasonal as well as multi-annual buffering and storage are limited, surface runoff into
streams is the main source of water. The WaterFlow project has been designed to enable academic partners in
the Kyrgyz Republic to perform hydrographic analysis of small mountain watersheds to explore current and
future potentials for local communities. One key objective is the quantification of the impact of regional climate
change scenarios on streamflow as a basis for assessment of future village-level livability and potential
mitigation efforts. Hydrologic surface runoff estimation and simulation is a data-intensive process requiring
detailed topographic, landcover / landuse and climate change scenario data for distributed modeling. While
access to national level or regional data frequently poses a major obstacle to large scale local research. The
current and increasing availability of high-resolution global data sets facilitates analyses essentially anywhere
on the planet. This paper serves as a case study and process documentation how the ‘Living Atlas’ as a platform
consolidating a rich and continuously updated collection of worldwide openly accessible data supports, inter
alia, the foundation data for distributed modeling of surface runoff essentially anywhere on the planet. This
research does not aim at achieving results specifically valid for the sample study areas, the latter rather serve
as demonstrators for analyses based on cloud-based data services. Steps beyond data preparation, including
local observations and integration of climate and land cover change scenarios are briefly mentioned to
contextualize the data preparation and pre-processing steps presented below. Altogether, the WaterFlow
initiative aims at supporting the development of science-based local capacity for environmental monitoring,
within the explicit context of appreciating the potential impacts of likely climate changes on the local water
balance.
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1. Introduction

Availability of water in several ways is a cross-
cutting topic from a Sustainable Development Goals
(SDG) perspective and requires support by geospatial
data (e.g. topography [1]) and GlScience concepts
and methods [2]. Certainly goal #6 “Clean Water and
Sanitation” is the SDG most directly addressing
access to water [3]. Looking at matters from an
agricultural production perspective SDG #2 “Zero
Hunger” would have to be mentioned in all dry and
arid environments. In mountain regions with a
potential for (micro) hydro power contributions to
SDG #7 “Affordable and Clean Energy” also is
highly relevant. Indirectly SDG #13 “Climate
Action” has to be considered from an impact
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mitigation view. In this particular project with
significant elements addressing capacity building,
SDG #4 “Quality Education” is supported as well.
The wider context of the research documented in this
paper is being translated into the more local, small
catchment related issues of changes in temporal
patterns of streamflow. These impact the
sustainability of irrigation agriculture as well as
general access to water for all its uses. Assessing
current and prospective future change is essential for
mitigation measures, and to assess the viability of
local municipalities, as most of these mountain
communities are dependent on small rivers, which in
turn are directly affected by climate change impacts.


https://doi.org/10.52939/ijg.v20i12.3763

While the understanding of regional climate
scenarios, the dynamics of water-dependent
ecosystems and the role of natural risks provide
highly important insights, there is a lack of local scale
assessment of impacts on livelihoods. Developing an
understanding of possible and alternative futures
through participation of local actors is considered key
to the development of reactive and proactive
mitigation steps. The proposed approach is
considered a predominantly capacity-building
oriented ‘seed initiative’ building the base and
creating the potential for a more substantial project
aiming at empowerment of local stakeholders
through understanding climate-driven environmental
dynamics. The development of academic capacities
at partner institutions and digitally connected
competences of local actors aims at a well-grounded
foundation for maintaining livelihoods in a changing
environment.

Within the wider context of population dynamics
emphasizing urban settings over rural mountain
settlements, the viability of the latter not the least
depends on reliable and safe access to water.
Economic activities based on quality agricultural
produce and products as well as tourism offerings can
support a local population as long as water supply
does not deteriorate to a limiting critical factor. The
‘Analysis of local changes in water availability for
mountain communities’ — ‘WaterFlow’ initiative is
pursuing several objectives in different domains,
with the overall aim of increasing awareness,
capacities and competences towards the management
and mitigation of changes in the water cycle in
mountain environments.

1. Explore and explain differences in watershed
responses to climate scenarios and land cover
changes, comparing sample watersheds and
identifying critical areas and periods regarding
streamflow extremes.

2. Determine the feasibility, data quality and
shortcomings of a citizen science / crowdsourcing
approach to gauging temporal streamflow
patterns.

3. Establish a practice of recording phenological
observations as indicators of available moisture.

4. ldentify the requirements and establish the
feasibility of operating simple atmospheric
sensors over annual cycles in online and/or offline
mode.

5. Explore the requirements for communicating
seasonal observation patterns through a simple
digital  interface, facilitating  individual
monitoring and analysis of water balance
elements.

2. Sample Study Areas

The watersheds used as sample study areas were
jointly identified by project partners. Criteria for
selection were (roughly) comparable sizes,
accessibility of watershed outlets (pour points) for
hydrographic observations, spread across the country
and at the same time proximity to partners’ locations,
and diversity of elevation ranges, azimuth
(exposure), land cover and in particular presence or
absence of glaciation. From approx. 25 proposed
watersheds the selection was narrowed down to a
total of nine, represented in Table 1 and illustrated in
Figure 1.

Figure 1: Location and distribution of sample catchments
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Table 1: Sample catchments

Pour point locations

Code Catchment name Area in km? (E/N, UTM 44N)
AA Ala-Archa 246.4 -32946 /4743316
AB Abshirsay 233.5 -235715 / 4487774
AK Ak-Say 337.2 155724 | 4669438
BA Barskoon 319.8 218207 / 4662673
BV Baetov 378.5 -4189/ 4577811
CA Chon-Ak-Suu 316.1 211514 / 4741481
KA Kyrgyz-Ata 302.4 -210838 / 4480608
MA Moldo-Ashuu 443.1 1547 / 4605148
ON On-Archa 879.8 72278 | 4615223

Table 2: Living Atlas data services used in WaterFlow

No. Name URL Type
1  Terrain https://arcg.is/feefkK multi-resolution image service
2 Terrain: Slope in Degrees https://arcg.is/9fmiv dynamically calculated image service
3  ESA WorldCover 2021 Land Cover https://arcg.is/OurHmD tiled image service
4 Terrain: Hillshade https://arcg.is/0fXbuf dynamically calculated image service
5  Terrain 3D https://arcg.is/lem9Sa elevation layer (collection)
6  Imagery Hybrid (WGS84) https://arcg.is/OafbDr tiled image service
7  World Countries Generalized https://arcg.is/iGCmW polygon feature service

All data preparation, calculations and analyses were
completed in UTM Zone 44 projection, avoiding
distortions and metric inaccuracies resulting from
handling in standard Web Mercator. For any
resampling steps a NEAREST rule was applied.
Delineation of sample watersheds initially was done
using the ‘Create Watersheds’ function in ArcGIS
Online to create a coarse, generalized outline based
on the lower resolution DEM used as a default on this
platform. Subsequently this outline was opened in
ArcGIS Pro to launch the standard watershed
definition workflow [4] for the proper extent. Starting
with Fill, followed by Flow Direction (D8) [5], using
Flow Accumulation and Snap Pour Point as needed
with an adjusted radius to access a local flow
accumulation maximum, and finally Watershed-all
of these steps based directly on the Terrain service set
to UTM Zone 44 and 25m cell size. All 9 resulting
watershed rasters then were combined into one by
‘Mosaic to New Raster’ before going through a
‘Raster to Polygon’ conversion. Shared and
published as a feature Web Layer to ArcGIS Onling,
these vectorized watersheds together with their raster
counterparts support the following steps for
extracting hydrographically relevant layers for each
sample catchment.

3. Global Open Data Sources

With the aim of flexibility in the choice of sample
study areas and to facilitate worldwide transferability
of the chosen approach to distributed hydrologic
analyses, the ArcGIS Living Atlas (https://living
atlas.arcgis.com) services are used as the main and

nearly exclusive source of data. This includes the
resources mentioned above and listed in Table 2.
Many of these services are consolidated from
different sources, including national mapping
agencies, space agencies and other international
institutions. Only all their commitments to open data
following the FAIR principle facilitates unified
accessibility through the Living Atlas portal. The
WaterFlow project is basing its educational research
case studies on these openly available resources to
enable the transferability of its approach to any other
study area worldwide.

The selected data sources offer a range of spatial
resolutions. Considering typical sizes of catchments
(approx. 250 to 800 km2) and maximum resolution of
some input data, a common denominator of 25*25m
cell size was chosen as a target for resampling and
integration of data sets. To provide adequate context
for visual interpretation and communication and to
avoid cut-out ‘islands’ only showing individual
catchments, the Living Atlas also provides seamless
basemaps with topographic and imagery styles.
These can be selected by viewers and analysts to
better understand individual watershed
characteristics as well as deciding on next steps in
analytical workflows [4] and [6]. Global sources and
platforms do not exclude detailed regionalized views,
though. As a side note in the context of the work
reported here the authors would like to point out
access to Living Atlas content plus resources
supporting regional and local perspectives in the
Central Asia — Caucasus Geoportal (Figure 2).
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Figure 2: Central Asia - Caucasus Geoportal at https://www.cacgeoportal.com

This initiative serves as a community platform for
geospatial mapping, analysis and communication
across all scientific and societal domains, welcoming
everyone to join and benefit from this well organized
and rich collection of data.

4. Data Preparation for Sample Catchments

For distributed runoff modeling (and to a much lesser
degree for lumped area parameter models) the key
factors for infiltration and evapotranspiration, runoff
pathways, flow velocity, retention etc. need to be
derived from digital elevation models, soil, and land
cover data and of course an understanding of current
surface conditions. For catchment-scale analyses the
spatial distribution of these factors needs to be
known, below key workflow steps are outlined:

Elevation values were extracted from the
multiresolution Terrain service using the ArcGIS
RECLASSIFY function with 200m intervals, masked
by watershed and resampled with a NEAREST rule
to 25 by 25m resolution. Class frequencies are coded
with the lower range threshold, e.g., 2700 for the
2700m to <2800m class and extracted from the layer
attribute tables.

Slope values were extracted from the Terrain:
Slope in Degrees service dynamically calculated
from Terrain elevation values resampled with a
NEAREST rule at 25 by 25m resolution. The
RECLASSIFY function with 5° intervals and
masking by watershed creates the desired results.

Class frequencies again are coded with the lower
range threshold, e.g., 35 for the 35° to <40° class. It
must be noted that slope values are systematically
underestimated compared to a (potentially) higher
resolution DEM.

Similarly, land cover [7] as a key element in
retention of precipitation, evapotranspiration and
runoff modification needs to be considered. In this
case study, the European Space Agency WorldCover
2021 Land Cover [8] data are wused for
characterization of catchments. Watershed masks are
applied with 10m resampling (corresponding to the
source resolution) through the ‘Extract by Mask’
function. All the above-mentioned factors (elevation,
slope, land cover) are statistically summarized by
watershed and fed into dashboard visualization as
table feature services. To support visualization at
larger scales, a streams layer has been generated with
the ‘Derive Stream As Line’ function from the hydro-
conditioned DEM with an upstream threshold value
of 1 km2 These flow networks are clipped to exact
catchment boundaries and visualized according to the
Strahler stream order [9] and [10]. Further inputs for
runoff modeling parametrization can be generated
with the same approach, either extracting data like
other land cover or simulated land cover change by
watershed extent from Living Atlas services, or using
hosted algorithms to generate e.g., landform classes
from geomorphons [11] by on-demand server-side
processing (Figure 3).
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5. Exploration Dashboard

For initial exploration by researchers and to support
generating hypotheses, basic catchment
characteristics are presented in an interactive
dashboard (Figure 4) allowing inspection of
morphological as well as land cover metrics through
a combination of map centric as well as aggregate
statistics views. This approach has the advantage of
enabling researchers to explore multiple parameters
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quickly and effectively and to compare
hydrographically relevant watershed characteristics.
The main orientation dashboard view allows the
selection of one of the nine sample watersheds which
is then highlighted on the map. At the same a
hypsometric curve, slope function and a pie chart
with land cover class proportions is displayed. For
each diagram, the underlying data series can be
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Figure 4: Dashboard overview
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The map area in the dashboard is fully navigable and
allows activation of a variety of map layers, of course
including elevation, slope, and land cover as well as
additional supporting elements. This and other
dashboards are openly accessible, experts therefore
can share the URL with other stakeholders. While the
user experience design is not oriented towards
interaction with the general public, researchers can
introduce actors in specific regions to the
functionality (and conceptual background) and allow
‘anyone’ to use this platform for individual
exploration. Whenever ‘diving deeper’ into one of
the sample watersheds is required, this is managed by

—i:igure 6: Freely navigable perspective view with choice of slope classes

switching with the Details tab to a localized view and
pan/zooming to the target area (Figure 5). This will
support more in-depth exploration of data sets by
selecting layers, exploring these through popups
while again having access to statistical distributions
through charts. In addition, flow lines are displayed
automatically when exceeding a set scale factor for
better topographic orientation. Perspective views
enable a better understanding of local topographies
and their impact on morphographic factors as well as
the distribution of landscape elements within a
watershed (Figure 6).
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By activating the Scene tab and choosing a
watershed with an initial default view angle through
a bookmark slide, analysts are enabled to freely
navigate perspective and scale and are given the
option to select from a range of layers for display.
Based on all these approaches to building familiarity
with the ‘lay of the land’ and the distribution of
relevant runoff impact factors analysts are given the
opportunity to take more informed approaches to
runoff modeling. While the latter is outside the scope
of this paper, the authors believe in the power of
exploratory uses of geovisualization to enhance the
setup of advanced modeling and simulation (not
only) in hydrology.

6. Dynamic Online Services

While the above demonstrated data services are
fundamental for any kind of distributed hydrological
analysis, modelling and simulation it is essential to
understand that surface runoff processes cannot be
represented by deterministic approaches, and that the
temporal dimension is equally important as the
spatial domain. Local observations of runoff patterns
therefore are indispensable for calibrating and for
temporally enabling the analysis of processes. The
identified sample watersheds thus are intended to be
monitored for runoff patterns. Since standard
hydrographic stations including runoff gauges are
expensive to install and maintain and consequently
concentrated along a few major streams (or in
preparation of hydroengineering projects), a more
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Figure 7: CrowdWater virtual gauge at pour point of Ak-Say watershed

modest approach is chosen for the WaterFlow
initiative. Project partners currently are using a well-
researched geospatial Citizen Science [12] and [13]
approach (evolving into participatory science) aimed
at developing time series of runoff to better
understand individual watershed dynamics. The
CrowdWater service platform [14] and [15]
facilitates ongoing observations at watershed pour
points, and as web service is ‘live linked’ to web
maps and results are accessible through live web
maps or dashboards (see Figure 7). Another example
for real-time data streams is the ECMWEF
GEOGLOWS [16] medium term forecasting service,
linked into the above presented interfaces. Display
and query can be optionally activated by users, again
demonstrating the full integration capabilities of map
services with temporally oriented series of
observations and dynamic forecast data streams.

These elements are only briefly mentioned here to
indicate that the value and importance of working
with live online services in the context of a topical
spatial analysis domain is not restricted to accessing
worldwide map and feature services, but also enables
the integration with dynamic streams of observations.
This of course also would include not only the output
(outflow) dimension of watersheds and runoff
models, but also the input dimension of
meteorological point observations as well as
remotely sensed precipitation, atmospheric and
surface condition data — all these elements are not
further explored at this point.
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7. Summary and Perspectives

The example workflows and exploratory interfaces
presented in this paper demonstrate the capabilities
of current global geospatial portals for analytical
applications anywhere, worldwide. With distributed
hydrographic modeling of small area watersheds as
the target domain, all required base data for
subsequent runoff modeling are prepared by
exclusively using services available on the Living
Atlas platform. While spatial analytical applications
in earlier years more often than not were constrained
by limited availability of data, Geoinformatics
methods have moved from a scarcity of data to
ubiquitous and pervasive supplies. Access to digital
representations of real-world features and
phenomena is not a limiting factor anymore, analysts
therefore now can focus on the extraction of
information from data and feeding these into models
to answer important ‘what-if”> questions across
domains.

Having access to global datasets with worldwide
coverage at high spatial and temporal resolution
satisfying the needs of most applications also enables
the transferability of concepts, analytical workflows,
models, and insights towards other regions on the
planet. Results are not only achievable for specific
study areas where extensive databases have been
laboriously compiled but can be obtained for any
other region of interest simply by shifting the spatial
extent. Certainly not all limitations have been
removed yet: spatial resolutions better than the 10-
30m cell range are not available with worldwide
coverage, major short-term (e.g., land cover) changes
in less-than-one-year timeframes might not be
represented and not all ontological contexts are fully
provided for. Nonetheless, the limiting factor today
rather is the human capacity to ask the right questions
and the competence to apply algorithms and methods
towards intended insights [17].

Of course, open access to global geospatial data
also serves as the key foundation to move forward
with Al approaches, in many cases already
shortcutting the human-centric workflow from data
to interpretation and insights. While these
developments obviously are at the center of attention
today, the current rate of progress only has become
possible due to the move from data paucity to a
deluge of geospatial data. Whether this rapid
technical rate of advancements keeps up with the rate
of change in our environments and societies and with
the evolution of competences and ‘brainware’ [18] is
an entirely different question.
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