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1.

Summary

The present document sets out the framework for the implementation of the Arctic
drainage basin hydrological observing system, designated Arctic-HYCOS. It is based
primarily on a project profile prepared in 2001 (WMO Secretariat, 2001), a project
proposal submitted in 2005 (WMO, 2005a), the outcomes from a Arctic-HYCOS
planning meeting held in 2005 (WMO, 2005b), the expression of intent for ArcticHYCOS for activities in International Polar Year (IPY) 2007-2008 (WMO, 2005c), the
science and implementation plan prepared by the Arctic-HYDRA programme in 2010
(Thorsteinsson and Pundsack, 2010), and the outcomes of the first Arctic-HYCOS
workshop held in 2012 (WMO, 2012).

Since 1993, WMO has been instituting the promotion of the World Hydrological Cycle
Observing System (WHYCOS). The WHYCOS programme enables the establishment of
hydrological observation systems and subsequently the development of national, regional
and international databases supplied with high quality, coherent and continually updated
hydrological data. It further advocates the free and regular exchange of data between all
participants. The Arctic-HYCOS project is intended to serve as a component of the
WHYCOS network and to be implemented in an area covering the expansive,
transnational basin of the Arctic.

This document stresses the importance of the Arctic region in regulating the global
climate. It also outlines the essentiality of the Arctic-HYCOS project for data sharing and
in promoting the adoption of recommended practices for data collection in northern
environments. Sharing information and knowledge among National Hydrological
Services (NHSs) and international projects promotes a consolidated approach to studying
the freshwater flux to the Arctic Ocean and Seas and furthers our understanding of the
Arctic hydrological regime and climate change.

The Arctic-HYCOS project will serve as a vital platform for the regular collection and
free exchange of Arctic hydrological data among all participants. Main activities will
1

include evaluating, maintaining and potentially upgrading existing observational stations.
Network Analysis will identify observational stations suitable to evaluate freshwater flux
to the Arctic Ocean and Seas and to study changes in Arctic hydrological regimes relative
to climate change.

Improved monitoring through adoption of recommended practices and procedures and
organizing information within a shared database are fundamental for pursuing efforts
relating to the legacy of the 2007-09 International Polar Year (IPY), the ongoing
International Polar Initiative (IPI), the International Arctic Science Committee (IASC)
and the longer term International Conference of Arctic Research Planning ICARP-III in
2015.

Due to the expansive geographic, administrative and scientific scope of the ArcticHYCOS project, connecting science-driven programmes and initiatives such as ECPORS (GIPPS, GCW), WCRP, GFCS, and AMAP with the Arctic Council is of pressing
relevance to promote an entirely sustainable and functioning approach to assessing
hydrology in the Arctic and studying climate change.
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2.

Background

2.1

Regional Geographical Context
2.1.1 Geographical Scope

The Arctic region, normally defined as the area north of the Arctic Circle (66°33’ N),
serves as the broad scientific area of study. More particularly, the Arctic drainage basins
which comprise the Arctic Ocean, Northern Seas, and the land areas of contributing
streamflow are the primary domain of interest (Figure 1).

Figure 1. The Arctic region, showing drainage basins in Eurasia and North America that
contribute to runoff to the Arctic Ocean and surrounding seas. The thickness of
blue lines drawn along river courses represents relative river discharge. (R.B.
Lammers, University of New Hampshire, modified from Forman et al., 2000).
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2.1.2 General Features of the Arctic Basin

Figure 2. Arctic drainage basin with contributing landmass shown in green (WMO,
2005a).
The Arctic drainage basin covers vast areas of North America and Eurasia extending
southward to 45ºN. The total area of the basin exceeds 20 000 000 km² and includes
various physiographic zones (tundra, forest, forest-steppe) and altitudinal belts. The
territories of the Russian Federation, Canada, Greenland and Iceland, the northern
extremities of Sweden, Norway and Finland as well as Alaska (United States of America)
are situated within the basin.

More than half of the basin area is permafrost. Frozen rocks produce specific conditions
for hydrological regime formation in rivers and for moisture exchange in soils and
subsoils; important factors when considering water resource use and management within
the region.
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Surface water inflow to the Arctic Ocean is the main component of its freshwater
balance. This annual water inflow to the Arctic Ocean from the drainage area equals
about 4 300 km³/year. For the Arctic Ocean, this volume of water comprises only 1% of
the ocean’s total water storage. Surface water inflow to the Arctic Ocean exceeds 10% of
all river discharge to the world’s oceans (WMO Secretariat, 2001).

2.1.3 Climate
The climatological conditions in the Arctic basin, extended at the extremities of 82ºN in
the north and 45ºN in the south, are variable. The territories northward of the Polar Circle
(66°33 - 44 N) are characterized by a severe climate. The polar night in winter is 140
days long. The air temperatures during that period often fall below -30 to -35ºC. In
summer, during the polar day, air temperatures seldom rise above +15 or +20ºC. Annual
precipitation is 200–300 mm.

Large areas in the North America and Eurasia southward are in a moderate climate zone.
The climates here are either marine or continental, depending on the distance from the
ocean. The marine climate is characterized by a warm winter (mean air temperature in
January is 0 to +5ºC) and not very hot summer (mean air temperature in July is +15 to
+20ºC). Annual precipitation is significant, 700–800 mm. This climate is typical of the
Pacific coastal regions in Canada and Eurasia. Areas remote from the coast are
characterized by the continental climate with severe winters (mean temperatures in
January from -20 to –25ºC) and very hot summers (mean air temperatures in July range
from +20 to +25ºC).

The southern extremity of the Arctic drainage basin is located in Eurasia, and it is
characterised by mountains and vast steppes. The climate here is extremely variable with
wide ranges of annual precipitation and air temperatures (WMO Secretariat, 2001).
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2.1.4 Hydrology
The variability of climate conditions explains significant variations in conditions of
runoff formation in rivers flowing in different parts of the Arctic drainage basin.
Northward of the Polar Circle, where the climate is severe, rivers are formed and
experience no runoff during most of the year.

Great water availability is typical of the rivers originating in the mountains of western
Canada, eastern Siberia and the Far East. Favourable conditions for runoff formation are
observed in central Canada, in the Russian plain and in western Siberia. About a half of
the annual water inflow to the Arctic Ocean (2 100 km³/year) is contributed by nine of
the largest rivers of Eurasia and North America. Since the discharge of these rivers is
usually measured at a certain distance from the confluence of the river with the sea, the
methods for estimating runoff at the mouth are applied; this causes additional uncertainty
in the total assessment of freshwater inflow to the Arctic seas from these rivers.

2.2

The Global Importance of the Arctic Region

The Arctic and its hydrology play a central role in regulating the Earth’s climate. The
Arctic Ocean’s water is unusually fresh in comparison with the remaining world’s ocean
system, owing to large amounts of net convergence of atmospheric moisture from the
lower latitudes. As well, discharge by huge rivers in Siberia and North America help to
make the Arctic Ocean the most land-dominated of all ocean basins.

Sustained influx of freshwater to the Arctic Ocean is crucial to maintaining a relatively
freshwater surface layer, which helps to retain the Arctic Ocean’s sea ice cover by
insulating the surface layers from deeper warm waters. However, pathways and
variability of freshwater circulation within the Arctic Ocean are still poorly understood,
despite concerns regarding surface freshening in the North Atlantic and its influence on
global thermohaline circulation.
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Hydrological processes in the Arctic have a large impact on the water and energy
balances at a range of spatial scales. Runoff, groundwater, soil moisture, snow cover,
glacier mass balance and permafrost in this region all influence the natural environment
at the local scale through their impacts on biological activity and water chemistry.

Furthermore, water is a primary weathering agent for rocks and soils, breaking them
down, dissolving a portion of them, and transporting the resulting sediments and
dissolved solids to the sea. Freshwater discharge and energy fluxes to the Arctic Ocean,
latent and sensible heat fluxes, glacier mass balance, snow cover and permafrost
conditions influence the global climate through feedback effects involving atmospheric
and oceanic circulation.

Interactions between different processes in the Arctic, (for example, the extent of snow
cover, glaciers and permafrost, groundwater discharge and streamflow), require that
impact studies consider the simultaneous functioning of all parts of the system.
Possible scenarios of 21st century climate change have been obtained through model
calculations and analyzed in the Arctic Climate Impact Assessment (ACIA) Report
(2005). On average, the models predict greater temperature changes at high northern
latitudes than anywhere else in the world. By 2071-2090, the central Arctic will,
according to these projections, have warmed by 5°C (about three times the global
average). Precipitation is projected to increase by between 7.5% and 18% between the
periods 1981-2000 and 2071-2090, as compared with a projected mean global
precipitation increase of 2.5% (ACIA, 2005).

The ACIA models have also been used to predict hydrological changes in the Arctic
during the 21st century. For example, earlier break-up and later freeze-up of rivers and
lakes are projected. The reduction in ice cover thickness on lakes and rivers is expected to
continue due to atmospheric warming, although modifications due to precipitation
changes may occur. The total Arctic river runoff is projected to increase by 10-20% by
2050 and may thus exceed 5 000 km³/year by the middle of the century (Thorsteinsson
and Pundsack, 2010).
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There is some confidence that future changes will include increased coastal erosion,
increased seasonal permafrost thawing depth, reduced extent of permafrost and sea ice,
and decreased river and lake maximum ice thickness (Figure 3). While there are both
projected benefits and negative impacts of these changes, there is increasing concern
about the extent to which the inhabitants of Arctic regions will be able to adapt to these
changes in the future. The traditional way of life of the indigenous peoples of the North is
intricately connected with the environment; and changes in the water regime of rivers and
lakes will strongly impact their way of life and local economies. Although reduced seaice extent will likely expand opportunities for shipping and offshore oil extraction in the
Arctic, such industrial activities will also increase the risk of environmental degradation
resulting from oil spills and other industrial accidents.

Figure 3. Maximum ice cover
thickness in the Lena River (Asian
Russia) 1955-2009. (A.
Shiklomanov, personal
communication with Thorsteinsson
and Pundsack, 2010.)

Also, recent studies have found evidence for an increasing trend in annual runoff carried
by Arctic rivers (Figure 4). These observed changes and other possible hydrosphere
changes (for example, permafrost thawing) are expected to affect Arctic ecosystems in
various ways.
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Figure 4. Continental river discharge from major pan-Arctic rivers, updated from Shiklomanov and
Lammers (2011).

Intensive commercial activities such as oil and gas production, navigation, fishery,
mining operations, water and hydraulic engineering and transport of freight by winter
roads are conducted in the Arctic river basins. All above mentioned activities are in one
way or another associated with moistening of the basins, their water resources, rivers’
hydrological and water conditions and water pollution. The changes in these
characteristics that have occurred during the last 20-25 years and will occur in the future
may impact the functioning of these industries (Thorsteinsson and Pundsack, 2010).

It is for the global importance outlined above that the Arctic region be effectively
monitored. This will allow a better understanding of the impacts of climate change on the
hydrological regimes of the north and will support the development of more reliable
future projections. The Arctic-HYCOS project (Section 3) is an ideal mechanism for
achieving such monitoring, ensuring data and metadata exchange, and generating
knowledge.

9

2.3

Status of hydrological information management in the basin

Figure 5. Hydrological stations represented in the Arctic Runoff Data Base, maintained
by the Global Runoff Data Centre (see: http://www.bafg.de/GRDC/).
(Global Runoff Data Centre, 2013)
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2.3.1 Recent Observing Networks and Data Sources
The Arctic Runoff Data Base (ARDB), maintained at the Global Runoff Data Centre
(GRDC), in Koblenz, Germany, comprises station information and data series of stream
gauging stations in the Arctic region. The ARDB, with more than 2400 stations
represented (Figure 5), is the most complete international dataset on daily (1043 stations)
and monthly (2188 stations) discharge to the Arctic. Historical data may be obtained from
the University of New Hampshire, United States, which previously provided freely
available Arctic river discharge data from nearly 60 stations, in near-real time (GRDC,
2013).

Although Arctic nations currently expend about $100 million annually on the collection
of hydrological data, the number of sites at which data are collected has been declining in
the Arctic drainage basins (Figure 6). Many sites with long-term records have been
discontinued in the past several years as funding has failed to keep pace with costs. As
development and resource extraction in the Arctic increases, the need for hydrological
data will also increase.

Figure 6. Changes in the number of observational points for the river discharge into the
Arctic Ocean from 1935 to 2000 according to data from the State Institute of Hydrology,
Russia, Environment Canada, and the U.S.G.S. Solid, dashed and dot-dashed lines are the
entire Arctic drainage basin and its Russian and North American parts, respectively.
(Shiklomanov & Shiklomanov, 2003).
In the United States, the U.S. Geological Survey (USGS) is the primary agency that
monitors streamflow; although many of these stream gauges are funded through
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partnerships with other Federal, State, and local agencies. Throughout the United States,
from 1980s through 2000, about 1 790 stream gauges, including a few in the Arctic, with
more than 30 years of record, were decommissioned due to a lack of funding. To reduce
the loss of critical stream gauges, the United States Congress funded the National
Streamflow Information Program (NSIP) of the USGS in 2001. That funding allowed the
USGS to add about 500 stream gauges to the network, but funding has not kept pace with
costs, resulting in a net loss of about 150 stream gauges in 2004 and 2005. The USGS
was known to operate more than 120 stream gauges in Alaska in 2010, however, fewer
than 20 are funded through NSIP and the rest rely on funding partners.

In Canada, the majority of climate, hydrometric and water quality stations are located in
the southern half of the country, where the population and economic pressures are
greatest. As a result, the adequacy of the network to describe hydrological and
climatological characteristics, both spatially and temporally, decreases significantly in the
northern part of the country and is particularly poor in the Canadian Arctic Archipelago.
For example there are significant limitations in Canada’s ability to estimate freshwater
streamflow within Arctic Ocean tributaries, past, current or future. There is relatively
good information on flows from large rivers (for example, the Mackenzie), which may
constitute roughly 60-80% of Canadian freshwater discharge to the Arctic. There is great
uncertainty associated with the estimates of ungauged streamflow to the Arctic Ocean,
largely due to the paucity of monitoring. Furthermore, streamflow estimates for small
catchments across northern Canada are particularly poor.

The discharge to the Arctic Ocean from Eurasia is better monitored than from North
America because most of the river inflow is delivered through a small number of rivers
with long-term operating downstream gauges. Only 10 hydrological gauges are needed to
capture 80% of the Russian Federation land mass draining into the Arctic Ocean.
Hydrometric observations on small and medium sized rivers in the Russian Arctic are
sparse; and ungauged or poorly monitored areas dominate many parts of the Russian
region.
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Sharp declines in Russian hydrometric gauging networks in the 1990s and delays in data
reporting hamper research progress. Since 2000, governmental funding of Russian
monitoring networks has improved. As a result, the number of operating gauges has
stabilized or even slightly increased yet there are still significant delays in the timely
delivery of Russian hydrological data to the international research community.

The accessibility of river discharge data for the Arctic was significantly enhanced by the
release and regular updates provided by of the University of New Hampshire’s
RArcticNet database (http://www.RArcticNet.sr.unh.edu) between 2000 and 2010. This
database, maintained by the Water Systems Analysis Group (WSAG) at University of
New Hampshire, now only provides archival data and is no longer being updated.
Similarly, the Arctic Rapid Monitoring System (ArcticRIMS, http://rims.unh.edu/) was
developed to facilitate and accelerate data reporting for the most important Russian river
gauges. Hydrological data may be downloaded from the ArcticRIMS website Data Server
for time-series up to 2010 (WSAG, 2011).

Bring and Destouni (2008) recently reported on patterns in the decline of monitoring
stations and analyzed how these declines compare with the geographical distribution of
observed and predicted Arctic-wide climate changes. Figure 7 shows how station density
has changed since the 1970s, in relation to observed temperature change. The vertical
axis is the proportion of stations with accessible data for 1995-1999, divided by the
number of stations with accessible data for 1975-1979. A fraction of 1 means that the
station density has not changed, and a fraction of 0.2, for instance, means an 80%
decrease in the absolute number of stations between the 1970s and the 1990s. The
horizontal axis shows the mean observed temperature increase during 1995-2002, relative
to the 1961-1990 average. It is evident that the absolute decline in network density has
been greatest for four Eurasian basins. For the Kara Sea drainage basin, data from 520
stations are no longer available.
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Figure 7. Change in density of
hydrological stations in relation to
observed temperature changes.
Circle sizes correspond to the
absolute number of closed stations.
(Adapted from: Bring and Destouni,
2008).

Figure 8 shows the change in density of hydrological stations in the Arctic in relation to
predicted 21st century temperature changes. The vertical axis again indicates the change
in station density since the 1970s but the horizontal axis now shows the modelled
temperature increase, for the 2050s and IPCC’s A2 emission scenario. Here, it appears
that the largest future temperature increase is expected in the four basins with the greatest
decline in discharge monitoring, and that uncertainty of the future temperature change, as
reflected by the range is also particularly large in these basins.

Figure 8. Change in density of
hydrological stations in relation to
predicted 21st century temperature
changes. Circle sizes correspond to
the absolute number of closed
stations and the colour of the circles
indicates the range in temperature
between the three models used for
the study. (Adapted from: Bring and
Destouni, 2008).
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In order to quantify mass fluxes of, for example, carbon and nutrients, water chemistry
monitoring is crucial and must be used in concert with water discharge monitoring.
Unfortunately, such mass flux data for the Arctic region are even sparser than discharge
data.

A recent study has quantified the spatial and temporal extent of water chemistry
monitoring of four important constituents in the Arctic drainage basin. Results indicate
that accessibility to water chemistry data is severely lacking, both spatially and
temporally. Accessible nitrogen and phosphorus monitoring sites cover 62% of the nonglaciated Arctic Ocean drainage basin area, sediment monitoring covers 63%, and carbon
monitoring covers only 51%. The relatively low accessibility to water chemistry data
means that important budgets of carbon, sediment and nutrients cannot be closed for large
areas of the Arctic (Thorsteinsson and Pundsack, 2010).

2.3.2 Challenges in Obtaining Arctic Data
The distribution of the hydrological network from a latitudinal perspective is quite
uneven, with a higher concentration of sites trending southward. About two thirds of all
stations are installed within 49 to 58°NL and only 6% of the stations are installed
northward the Polar Circle. Additionally, the mean duration of streamflow observation
series in the Arctic drainage basin is not long, about 15–25 years (WMO Secretariat,
2001).

The Global Runoff Data Centre noted that no observations are carried out in one-third of
the region. The observation series are of unequal lengths, covering 55-65 years in Eurasia
but mostly not longer than 40 years in the North American part of the Arctic drainage
basin. Furthermore, numerous gaps exist in observation records (GRDC, 2013).

It should be noted that the Arctic is unlikely to ever have the density of streamflow
monitoring sites seen in more highly populated areas. The poorly developed
infrastructure and extreme environmental conditions make access and data collection
15

using traditional methods a challenge. The high expenses of data acquisition in this
remote and very large region further exacerbate the issue. Large ungauged areas will
continue to exist and as such, a strategy for maximizing the value of data collection is
essential. Gaps must be identified by network analysis and locations which maximize the
value of data to the overall objectives of the network should be prioritized (Thorsteinsson
and Pundsack, 2010).

3. The Arctic-HYCOS Project
Although the need for obtaining comprehensive Arctic hydrological data has been
recognized, notably by the World Climate Research Programme (WCRP), within the
WMO, and particularly by the Arctic Climate System Study (ACSYS, 1995), the demand
for monitoring the Arctic has increased in recent years and will continue to increase with
expanding awareness of the Arctic’s role in a changing climate and in regulating the
global environmental system. It is for this reason that implementation of the ArcticHYCOS project is imperative.

3.1

Project Purpose

The purpose of the Arctic-HYCOS Project is to allow for the collection and sharing of
hydrological data. This will allow EC-PORS and other initiatives to achieve the
following three main scientific goals:
1) To evaluate freshwater flux to the Arctic Ocean and Seas.
2) To monitor changes and enhance understanding of the hydrological regime of the
Arctic region.
3) To estimate flows in ungauged regions and develop models for enhanced
hydrological prediction in the Arctic region.

3.2

Overall Project Objective

The overall project objective is to regularly collect, manage and share high quality
hydrological data from a defined Basic Network of Hydrological Stations (BNHS) in the
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Arctic basin, comprising two sub-networks, to include stations aimed at collecting the
following data for the specified scientific goals:
a. daily discharge data; and
b. daily water temperature data.

These data shall be provisional in near-real time if available. Historical data will be
provided by National Hydrological Services once the data production cycle and quality
assurance have been completed.

3.3

Main Project Activities

Arctic-HYCOS is organized along the following main activities:
1. To analyze the existing national hydrological observation networks in accordance
with the procedures laid down in the WMO Guide to Hydrological Practices
(WMO, 2008).
2. To perform network design and analysis, thus selecting stations suitable to fulfill
the scientific goals outlined above.
3. To establish monthly reporting of daily hydrological data, as agreed upon by the
project partners on the basis of an endorsement from the Arctic Council member
states.
4. To support the functioning and maintenance of existing stations and to assist
National Hydrological Services in the Arctic region with regard to improved data
management and hydrological observation methodologies by sharing knowledge,
reviewing, developing and adopting recommended practices and procedures.
5. To ensure that data management practices of all NHS use agreed-upon
international standards and recommended practices and procedures; and to
exchange data freely and without restriction.
6. To perform pan-Arctic hydrological modelling (geo-statistical, deterministic and
probabilistic methods) for the assessment and integration of observational and
modelled data to improve estimates of ungauged discharge and the overall
estimates of freshwater flux to the Arctic Ocean, as well as to enhance
understanding of hydrological processes.
17

3.4

Project Outcomes

Arctic-HYCOS will provide hydrological data and products that will allow:
1. International co-operation in studying and assessing hydrological processes in the
Arctic, in particular related to climate change;
2. Reliable assessments of freshwater flux into the Arctic Ocean and Seas both in the
short and longer term;
3. A better understanding of links between Arctic river discharge, the freshwater
balance of the Arctic Ocean, the thermohaline circulation, and the global climate;
4. Improved water management enabling better stream flow monitoring and
prediction of hydrological changes thus improving life support systems in polar
communities;
5. Hydrological data to be contributed to other Arctic Observation Systems, in
particular to research groups and monitoring programs dealing with Arctic snow
hydrology, permafrost, glaciers and glacial runoff; and
6. Hydrological data to be contributed to Global Observation Systems, in particular
to GCOS, GOOS, GTN-H and WIGOS.

3.5

Project Justification

The Arctic-HYCOS mission directly supports numerous efforts in the Arctic countries to
further international cooperation in the study and assessment of hydrological processes in
the Arctic drainage basins in relation to climate change, particularly with the Arctic
Council. The monitoring activities will improve Arctic cooperation in hydrometric
monitoring, enhance the quality of stream flow data, allow the assessment of trends,
contribute to the overall hydrological record, and increase understanding of lake-level
changes over time. These activities will also supplement global observations, improve
coastal zone ecology (for example, fish spawning and migration and the coastal
environment) and contribute to transportation issues related to river and sea ice.

The open exchange of knowledge and best practices between all NHSs involved will
enhance the outcomes of the project. The Arctic-HYCOS project not only provides a

means for sharing data but also serves as a means to learn from other countries’ methods
and experiences.

Furthermore, the project plays a strong role in supporting existing international efforts
such as the Executive Council Panel of Experts on Polar Observations, Research and
Services (EC-PORS), Global Integrated Polar Prediction System (GIPPS), Arctic
Monitoring and Assessment Programme (AMAP) and the projects of the Climate and
Cryosphere programme (CliC) in the World Climate Research Programme (WCRP).

Arctic-HYCOS will improve Arctic region climatological prediction, enhance ocean and
climate models and contribute to the development of best practices and procedures for
stream gauging under harsh environmental conditions. These lead to the improved
understanding of hydrological processes within the global climate system.

3.6

Project Governance and Institutional Framework

3.6.1 Project Steering Committee
The Arctic-HYCOS comprises a Project Steering Committee (PSC) as its executive body.
Its role is to ensure project coherence and oversee project policy, strategy and
implementation. It decides on any changes to the plan of activities and approves the
annual work plan and budget, including coordinating contributions of participating
countries.

Membership includes one representative from:
i.

Each Arctic Council Member State, principally coming from the National
Hydrological Service;

ii.

WMO Executive Council Panel of Experts on Polar Observation, Research and
Services (EC-PORS);
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iii.

WMO Hydrology and Water Resources Programme; and

iv.

Global Runoff Data Centre (GRDC).

The Project Steering Committee has the right to invite any additional members on an ad
hoc basis. The Project Steering Committee is chaired by a representative by unanimous
agreement of all participating members of the PSC. The working language is English.

Table 1: Responsibilities of the Project Steering Committee (PSC)
•

Determine project policies and strategies

•

Mediate different interests among participating countries and agencies

•

Approve the nominees as members on working groups

•

Approve the detailed project work plan and associated human and financial
resource requirements

•

Assess project progress and impacts through project monitoring and progress
reports

•

Provide a communication channel for all participant bodies and other national,
regional and global organizations as required

3.6.2 Project Secretariat
The Arctic-HYCOS Project Secretariat has been created to oversee the day-to-day
functioning of the project. It is responsible for overall project management and regular
reporting of project activities and progress to the Project Steering Committee. The Project
Secretariat (PS) acts as a catalyst and facilitator, bringing together the views and
activities of each National Hydrological Service in order to achieve the goals of the
project. Each National Hydrological Service actively contributes to project activities
through the provision of expertise and related support.

The Project Secretariat has the authority, with approval of the Project Steering
Committee, to put forward working groups to undertake the detailed work plan that
addresses project activities such as network planning, training, technical deficiencies, and
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the review and development of recommended practices and procedures. Membership
within each working group will be designated by the participating NHSs. Membership
may also include experts from various fields as needed.

The Project Secretariat is led by a Project Manager, who is responsible for ensuring that
the project objectives and outputs are achieved, and for all communication with the
participants.

The Project Secretariat is not only responsible for implementing the work plan through
facilitating work groups, but also coordinates with the GRDC regarding data and
information exchange. It ensures the implementation of agreed upon quality management
practices. It should be noted that the Project Secretariat can only be successful through
cooperation, volunteerism and collaboration of all participating parties. Canada had
offered in 2012 to host the Project Secretariat (WMO, 2012), and Canada has agreed to
continue this role for 2014-15.

Table 2: Responsibilities of the Project Secretariat (PS)
•

Act as a focal point to coordinate the project activities implemented in and by the
participating countries

•

Act as a communication link between all participants involved in implementing
the detailed project work plan and with experts as needed

•

Foster regional technical and scientific cooperation in hydrological monitoring
practices

•

Set up specific working groups dedicated to address the project activities to:
o

Identify training requirements and provide advice to the PSC and parties

o

Undertake network planning with all parties

o

Identify technical deficiencies and propose viable solutions

o

Provide a forum for review and development of recommended practices
and procedures for data collection and dissemination

o

Report on progress to the Project Steering Committee on a regular basis
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regarding Project activities and challenges

3.6.3 The Role of the World Meteorological Organization (WMO)
The World Meteorological Organization (WMO) provides project oversight. It does so by
conducting evaluations to assess conformance of the HYCOS Project with WHYCOS
principles and through the provision of technical and scientific guidance when needed.
WMO, as the custodian of WHYCOS, ensures that the project reaps the maximum
benefits from lessons learned in implementing other HYCOS projects.

Table 3: Responsibilities of the WMO
•

Ensure overall interaction with the project through regular participation in the
Project Steering Committee meetings

•

Provide support to the Project Secretariat by advising on technical standards

•

Advise participating countries on data/information exchange during the project

•

Advise participating countries on the application of monitoring and quality
control standards for the data being collected during the project

•

Undertake evaluations to assess the progress of the project, to identify
problems/unforeseen circumstances and to propose remedial measures following
discussion with other parties

•

Provide overall guidance in the planning and implementation of the project to
ensure its coherence with the guiding principles of the WHYCOS programme

3.6.4 Participating Countries
The Arctic countries of Canada, Denmark, Finland, Iceland, Norway, Russian Federation,
Sweden and the United States are participants in the Arctic-HYCOS project. The
participating countries commit themselves to the provision of adequate support to the
National Hydrological Services to ensure that key stations are maintained and operated to
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the required standards. Stations included in the Arctic-HYCOS network will be part of
the national hydrological network of each country. The hydrological authorities in each
participating country are fully responsible for the installation, operation (including flow
measurement activity) and maintenance of the stations selected to comprise the project
network.

Participating countries acknowledge full ownership of the stations and data through their
National Hydrological Services and assume primary responsibilities for project
implementation and coordination within their respective countries. Participating countries
shall freely and openly share all data and metadata from stations within the project
network with all project participants. Participating countries shall follow Resolution 25
(Cg-XIII) on the Exchange of Hydrological Data and Products (see Annex 1).

Table 4: Responsibilities of the Participating Countries
•

Provide appropriately qualified staff to participate in project activities, such as
working groups, and management as required

•

Manage any impediments to successful project implementation (for example,
land access)

•

Perform on-going, routine activities related to the operation and maintenance of
stations to ensure that stations meet the agreed upon standards for hydrological
data collection, processing, and dissemination

•

Disseminate metadata and daily data (on a monthly basis) to the GRDC

•

Shall allow for the sharing of hydrological data and metadata amongst all project
participants and shall comply with Resolution 25 (Cg-XIII) on Exchange of
Hydrological Data and Products

•

Share, develop and enhance knowledge, practices and procedures regarding
hydrological data collection in the Arctic region
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3.6.5 The Global Runoff Data Centre (GRDC)
The GRDC provides the central depository for all metadata and final (quality assured)
data originating from the National Hydrological Services involved. It will additionally
serve as a repository for all historical archival data that is contributed.
Table 5: Responsibilities of the Global Runoff Data Centre (GRDC)
•

Act as a focal point for international cooperation by enabling free and unrestricted
exchange of all metadata and data between data providers and data users as
identified by the project parties

3.7

Project Outline

The overarching objective of the project is an integrated regional Arctic Hydrological
Cycle Observing System, within the Arctic basin region, providing hydrological data
collection, storage and distribution in accordance with the appropriate WMO standards
and recommended practices and procedures.

The system is based on using existing appropriate national observing systems available in
the participating Arctic countries. The project will identify stations to be included in a
Basic Network of Hydrological Stations (BNHS), comprising all stations within the
project network. It will be further divided into two sub-networks with each addressing a
scientific goal of the project.

Project initiation included the establishment of the Project Steering Committee (PSC) and
the selection of a chairperson for the PSC. The party hosting the Project Secretariat and
project manager have also been confirmed.

Project participants, with support from Project Secretariat have agreed to be engaged in
the implementation of the main activities of the project. These include:
1) Network Design;
2) Review of Operational Practices and Procedures;
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3) Exchange of Data and Information; and
4) Hydrological Modelling and Prediction.

3.7.1

Project Activity One – Network Design

Guided by the PSC and in cooperation with data providers (basically the NHSs) and data
users, the existing network of stations within the Arctic basin will be identified including
the documentation of weaknesses and potential solutions to address these weaknesses.
The characteristics of the stations needed to comprise sub-network A and B (see Figure
9) will be described. The primary outcome from this activity will be a list of potential
stations to be included within each sub-network of the BNHS. This list will provide the
basis for the collection of hydrological stations in the context of an Arctic-HYCOS
station network.

As far as feasible, the selection of existing hydrological stations should follow the
principles of network design, as outlined in the WMO Guide to Hydrological Practices
(WMO,2008).

Figure 9. Structure of the Basic Network of Hydrological Stations (BNHS), showing
sub-networks A and B.
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The Basic Network of Hydrological Stations (BNHS) will be created by selecting key
existing observation stations of the national hydrological networks within the Arctic
basin. The BNHS can be subdivided into two sub-networks: sub-network A will comprise
stations with the appropriate characteristics to monitor freshwater flux into the Arctic
Ocean and Seas; sub-network B will comprise stations with appropriate characteristics
and that are best suited to monitor and detect changes in the Arctic hydrological regime,
specifically related to climate change. Figure 13 indicates that some stations may be
common to both sub-networks, as they would meet the needs of achieving both scientific
goals.

Overall, the BNHS is to involve stations (preferably with long-term observation series)
on the rivers discharging to the Arctic Ocean and Seas, as well as stations on rivers
within the permafrost zone where the hydrological regime is vulnerable to climate
change. The inclusion of stations in sub-network B should be closely examined with the
goal of covering various characteristics of hydrological regimes, such as varying drainage
basin sizes. This sub-network should be designed so that it may provide data useful in
addressing various purposes. The design of the hydrological regime sub-network will
require input from a number of experts

At minimum, sites selected would report daily discharge data submitted in near real time
as they become available. The ability of each site to provide data of the necessary quality
and within the necessary time frame to meet project objectives will be assessed. The data
required from each site would be:
o Water discharge, m3/s (mean daily data); and
o Water temperature, ºC (mean daily data).

Given the objectives, the most appropriate stations will be defined. Weaknesses in the
sub-networks will be outlined and possible strategies to overcome these weaknesses will
be considered (for example, additional new sites, re-activation of sites, or through data
transference techniques for freshwater flux to the ocean and seas).
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The outcome will be a refined list of stations comprising each sub-network of the BNHS
as well as a list of their weaknesses and how these may be overcome. A recommendation
for network improvements and possible alterations may also be included.

3.7.2 Project Activity Two – Review of Operational Practices and
Procedures
Guided by the PSC a review of operational practices and procedures will be carried out in
close cooperation with the NHSs of participating countries. This could include a review
of operational practices and procedures as well an assessment of instruments currently in
use by each National Hydrological Service.

The sharing of knowledge on practices and procedures commonly employed will be
particularly useful at this stage. Notably, the need to develop recommended practices and
procedures common to all participating entities regarding the estimation of provisional
data may be necessary. An assessment of any significant differences should be
undertaken, particularly if such differences affect data quality or relate to the health and
safety of staff.

Current plans include the review of standard operating procedures for under-ice
measurement of flow using hydro-acoustics, flow estimation techniques during ice
covered condition, and temperature monitoring procedure and practices. Future work
will likely include review of standards and recommended practices and procedures for
ice-thickness measurements and determination of freeze-up and break-up dates.

The outcome of this activity will be a list of potential recommended practices and
procedures to be considered for adoption by all participating parties. This list will outline
practices and procedures for hydrological data collection in harsh cold climate
environments and would potentially serve as a reference document for all cold climate
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countries. These efforts may also lead to potential improvements to existing WMO
standards and recommended practices and procedures.

3.7.3 Project Activity Three – Exchange of Data and Information
This activity will deal mainly with the work related to the sharing of hydrological data
and information. Guided by WMO, standards and formats for metadata and including
data exchange mechanisms will be explored and recommended to the PSC for
implementation as an important part of the Arctic-HYCOS project. This will ensure that
all parties follow standard practices and procedures thereby allowing for a smooth flow
of data and metadata describing the data.

Arctic Council Members have agreed to deliver daily gauged Arctic drainage basin river
flow data. Data will be provided in provisional form if available and later in approved,
final form. Provisional data will be made available through links to NHSs sites
consistent with the concepts of the WMO Hydrological Observing System (WHOS).

Metadata and historical data as well as current observation data will be provided by the
NHSs to the GRDC, where all data will be included in its Arctic Runoff Data Base
(ARDB). The GRDC will serve as the focal point for redistributing historical data and
informational products to meet the needs of EC-PORS and other scientific initiatives. All
participating parties are to have free and unrestricted access to data and metadata within
this repository.

It is important to maintain the central repository at the GRDC for efficient and timely
access to data. This central repository will allow redistribution of the hydrological data
and information to the community in a timely manner and in a consistent format.

Additionally, the PSC, guided by WMO and contributing NHSs to the Arctic-HYCOS
project may choose to explore the use of an acceptable inter-operability standard for
hydrometric information exchange. To this extent, the use of the WaterML 2.0 standard
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(CHy-14, Resolution 3 – See Annex 2) may be explored. This activity may serve as a
demonstration project to test the suitability of WaterML 2.0 for the delivery of
provisional and final data. Linkages would be made as necessary with the Commission
for Hydrology (CHy) Advisory Working Group member responsible for data
management and operations.

The fundamental outcome will be a PSC-approved Data and Metadata Exchange Model
that will fulfill the project requirements that are essential to achieve the overall project
objective.

3.7.4 Project Activity Four – Hydrological Modelling and Prediction
Efforts will be undertaken to develop geo-spatial, deterministic and probabilistic methods
for hydrological prediction in gauged and ungauged regions. This activity includes the
application of a pan-Arctic deterministic hydrological prediction model (Arctic-HYPE)
by the Swedish Meteorological and Hydrological Institute. This activity will operate in
parallel to the other Arctic-HYCOS activities, providing assessments of provisional and
quality assured observational data, estimates of ungauged discharges, overall estimates of
freshwater flux into the Arctic Ocean, and enhanced understanding of Arctic hydrological
processes. The outcome of the modelling activity will be assessed in cooperation with
experts from the NHSs of the other participating countries. For instance, the hydrological
model predictions of ungauged flow will be compared with estimates using spatial
statistical interpolation.

3.8

Project Implementation

Project initiation included the creation of the Project Steering Committee and selection of
its chairperson. The party hosting the Secretariat and Project Manager were confirmed.
The four main project activity areas as outlined in this report were agreed upon by PSC
members. This report represents the Implementation Plan for the Project (March 2014).
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Annual work plans will be appended to this document as agreed upon by the Project
Steering Committee. The annual work plans will begin April 1 for each year.

The timeframe for completing the overall Implementation Plan will be determined by
PSC and its available resources. The main activities will be implemented simultaneously.
The timelines can be modified based on agreement of the PSC. Annual review and
acceptance of work plans will be initiated by the project manager through approval of the
PSC. Review of project progress will take place at the end of March every year. Work
plans for future activities will also be discussed and established at that time. The Project
Secretariat will collate a brief report on annual outcomes and will issue the following
year’s work plan after the March meeting.

12 months

24 months

27 months

Time (months)

Network
WorkingDesign
Group One
Network Design

Working Group Two
Review of Operational Practices & Procedures
Review of Operational Practices & Procedures

Working Group Three

Data Exchange & Product Development
Data Exchange

Exchange of Hydrological Data,
Data and
Information
Information
and Products

Project
Project

Project
Project

Evaluation
Evaluation

Evaluation
Evaluation

Figure 10. Project Implementation Plan

Figure 10 represents the timelines for the accepted the Project Implementation Plan. In
this plan, all project-activity areas are initiated simultaneously following the project
initiation. It is anticipated that the outcome of project activity area one is accomplished
30

In this implementation plan, Project Evaluation will be carried out in two stages. The first
evaluation stage would follow completion of project activities in areas one (after about 12
months) and would also evaluate the success of initial activities in areas two, three and
four, detecting and reporting on any weaknesses in the approaches undertaken, and
identifying any corrective measures to be taken. The second evaluation stage would
follow the completion of project activity area two (after 24 months) and will last for
approximately 3 months. This evaluation would verify the possibility of improving
standards and recommended practices and procedures for monitoring under harsh
northern environmental conditions. It would also allow for the further evaluation of the
success of data exchange and advances in hydrological modelling and prediction
approximately 24 months after their commencement.

WMO Secretariat shall undertake a final evaluation approximately three years after
project completion to ascertain that it continues to comply with WHYCOS principles and
to ensure that the original objectives of the project have been met. It is important to state
that the Arctic-HYCOS project is aimed to ensure sustained and continued observation
and data provision services for a long time horizon after the end of the project.

3.9. Cost Estimates and Financial Plan
All costs to the Arctic HYCOS program will be incurred through in-kind contribution by
various member countries.
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4. CONCLUDING REMARKS
This document is primarily intended to serve as a guideline and reporting mechanism to
the project proponents of an Arctic-HYCOS project. Hence, further modifications,
development and elaboration of this document will be required and would be based on
insight and feedback from participants at the upcoming meetings of the PSC.

This template emphasizes the unique opportunity this project provides for nations of the
Arctic Council to collaborate with each other and with the wider scientific community.
The Arctic-HYCOS project is a platform to gain insight on relevant issues related to
climate change and furthers our understanding of northern hydrological processes, which
will inevitably only become more valuable in the coming years.
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ANNEX 1
Resolution 25 (Cg-XIII)
EXCHANGE OF HYDROLOGICAL DATA AND PRODUCTS
34
THE CONGRESS,
Noting:
(1)

Resolution 40 (Cg-XII) – WMO policy and practice for the exchange of meteorological and
related data and products including guidelines on relationships in commercial meteorological
activities,

(2)

The inclusion of dedicated observations of the climate system, including hydrological
phenomena, as one of the four main thrusts of The Climate Agenda, which was endorsed by
Twelfth Congress,

(3)

That Technical Regulation [D.1.1] 8.3.1(k), states that, in general, the routine functions of
National Hydrological Services (NHSs) should include, inter alia, "making the data
accessible to users, when, where and in the form they require" and that the Technical
Regulations also contain a consolidated list of data and product requirements to support all
WMO Programmes,

(4)

That the nineteenth Special Session of the United Nations General Assembly agreed, in its
overall review and appraisal of the implementation of Agenda 21, that there is an urgent need
to "...foster regional and international cooperation for information dissemination and
exchange through cooperative approaches among United Nations institutions, …" (A/RES/S19/2, paragraph 34(f)),

(5)

That the fifty-first session of the United Nations General Assembly adopted, by resolution
51/229, the Convention on the Law of the Non-navigational Uses of International
Watercourses, Article 9 of which provides for "regular exchange of data and information",

(6)

That the Intergovernmental Council of the International Hydrological Programme of the
United Nations Educational, Scientific and Cultural Organization (UNESCO) adopted at its
twelfth session Resolution XII-4 which dealt with the exchange of hydrological data and
information needed for research at the regional and international levels,

Considering:
(1)

The significance attached by the International Conference on Water and the Environment
(ICWE) (Dublin, 1992) to extending the knowledge base on water and enhancing the capacity
of water sector specialists to implement all aspects of integrated water resources management,

(2)

The call of world leaders at the United Nations Conference on Environment and Development
(UNCED)(Rio de Janeiro, 1992) for a significant strengthening of, and capacity building in,
water resources assessment, for increasing global commitment to exchange scientific data and
analyses and for promoting access to strengthened systematic observations,
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(3)
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(4)

That the United Nations Commission on Sustainable Development (CSD) in its Decision 6/1
"Strategic Approaches to Freshwater Management" has strongly encouraged States to
promote the exchange and dissemination of water-related data and information, and has
recognized "the need for periodic assessments … for a global picture of the state of
freshwater resources and potential problems",
The call by the nineteenth Special Session of the United Nations General Assembly "for the
highest priority to be given to the serious freshwater problems facing many regions,
especially in the developing world" and the "urgent need … to strengthen the capability of
Governments and international institutions to collect and manage information … and
environmental data, in order to facilitate the integrated assessment and management of water
resources",

(5)

The requirements for full, open and prompt exchange of hydrological data and products in
support of various international conventions, such as the Convention on Biological Diversity,
the United Nations Framework Convention on Climate Change, and the Convention to
Combat Desertification,

(6)

The requirement for the global exchange of hydrological information in support of scientific
investigations of world importance such as those on global change and the global
hydrological cycle, and as a contribution to relevant programmes and projects of WMO, other
United Nations agencies, the International Council for Science (ICSU) and other
organizations of equivalent status,

(7)

The opportunities for more efficient management of water resources and the need for
cooperation in mitigating water-related hazards in transboundary river basins and their water
bodies which depend on the international exchange of hydrological data and information,

(8)

The increasing recognition through scientific and technical endeavours, such as the Global
Energy and Water Cycle Experiment (GEWEX), of the importance of hydrological data and
products in improving the understanding of meteorological processes and subsequently the
accuracy of meteorological products,

Recognizing:
(1)

The responsibility of Members and their NHSs to provide for the security and well-being of
the people of their countries, through mitigation of water-related hazards and sustainable
management of water resources,

(2)

The potential benefits of enhanced exchange of hydrological data and information within
shared river basins and aquifers, based on agreements between the Members concerned,

(3)

The continuing need for strengthening the capabilities of NHSs, particularly in developing
countries,
The right of Governments to choose the manner by which, and the extent to which, they make
hydrological data and products available domestically and internationally,

(4)

(5)

The right of Governments also to choose the extent to which they make available
internationally data which are vital to national defence and security. Nevertheless, Members
shall cooperate in good faith with other Members with a view to providing as much data as
possible under the circumstances,
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(6)

The requirement by some Members that their NHSs earn revenue from users, and/or adopt
commercial practices in managing their businesses

(7)

The long-established provision of some hydrological products and services on a commercial
basis and in a competitive environment, and the impacts, both positive and negative,
associated with such arrangements,

Adopts a stand of committing to broadening and enhancing, whenever possible, the free and
unrestricted1 international exchange2 of hydrological data and products, in consonance with the
requirements for WMO’s scientific and technical programmes;

Further adopts the following practice on the international exchange of hydrological information:
(1)

Members shall provide on a free and unrestricted basis those hydrological data and products
which are necessary for the provision of services in support of the protection of life and
property and for the well-being of all peoples;

(2)

Members should also provide additional hydrological data and products, where available,
which are required to sustain programmes and projects of WMO, other United Nations
agencies, ICSU and other organizations of equivalent status, related to operational hydrology
and water resources research at the global, regional and national levels and, furthermore, to
assist other Members in the provision of hydrological services in their countries;

(3)

Members should provide to the research and education communities, for their noncommercial activities, free and unrestricted access to all hydrological data and products
exchanged under the auspices of WMO;

(4)

Respecting (2) and (3) above, Members may place conditions on the reexport3, for
commercial purposes, of these hydrological data and products, outside the receiving country
or group of countries forming a single economic group;

(5)

Members should make known to all Members, through the WMO Secretariat, those
hydrological data and products which have such conditions as in (4) above;

(6)

Members should make their best efforts to ensure that the conditions placed by the originator
on the additional hydrological data and products are made known to initial and subsequent
recipients;

(7)

Members shall ensure that the exchange of hydrological data and products under this
resolution is consistent with the application of Resolution 40 (Cg-XII) – WMO policy and
practice for the exchange of meteorological and related data and products including
guidelines on relationships in commercial meteorological activities;

Urges Members, in respect of the operational and scientific use of hydrological data and products, to:
(1)

Make their best efforts to implement the practice on the international exchange of
hydrological data and products, as described in FURTHER ADOPTS (1) to (7);

(2)

Assist other Members, to the extent possible, and as agreed upon, in developing their capacity
to implement the practice described in FURTHER ADOPTS (1) to (7);
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Requests the Executive Council to:
(1)

Invite the Commission for Hydrology to provide advice and assistance on technical aspects of
the implementation of the practice on the international exchange of hydrological data and
products;

(2)

Keep the implementation of this resolution under review and report to Fourteenth Congress;

Decides to review the implementation of this resolution at Fourteenth Congress
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ANNEX 2
Resolution 3 (CHy-14)

PROPOSED ADOPTION OF WATER ML 2.0 AS A STANDARD

THE COMMISSION FOR HYDROLOGY,
Noting:
(1)

Resolution 25 (Cg-XIII) – Exchange of Hydrological Data and Products,

(2)

Resolution 26 (Cg-XVI) – WMO Quality Management Framework,

(3)

Resolution 13 (Cg-XVI) – Quality Management Framework – Hydrology,

(4)

Resolution 6 (CHy-XIII) – WMO Integrated Global Observing Systems and WMO
Information System;

Recognizing:
(1)

The importance of improved access to hydrological data for a range of purposes, including
flood forecasting and warning, water resources assessment and evaluation of the impacts of
climate variability and change,

(2)

The need to adopt standard procedures in the operations of National Hydrological
Services,

(3)

In particular, the growing need for the adoption of standards related to data operations and
management with the primary aims of improving the interoperability of data and information
and increasing their availability and accessibility,

(4)

The high importance of the working arrangements between WMO and the International
Organization for Standardization (ISO), including the recognition of WMO as an international
standardizing body for technical standards, a rare distinction given to only three organizations
worldwide;

Considering that the work of the WMO/Open Geospatial Consortium (OGC) Hydrology Domain
Working Group (including representation from CHy) has resulted in WaterML 2.0 being adopted as
an OGC Standard;

Decides to commence a process, including testing, that could see the potential adoption of the
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WaterML 2.0 as a WMO standard for information exchange managed by WMO (supported by the
WMO/OGC Memorandum of Understanding), and to register this standard as a joint WMO/ISO
standard;
Requests the Secretariat to take the necessary actions, under the direction of the Advisory
Working Group, to commence a process, including testing, that could potentially see WaterML 2.0
become a WMO standard for information exchange managed by WMO (supported by the WMO/OGC
Memorandum of Understanding), and to register this standard as a joint WMO/ISO standard;

Requests the Advisory Working Group member responsible for data management and operations
to oversee this process;

Requests the president of CHy to report on progress at the next session of the Commission for
Hydrology;

Requests Members to actively participate in testing and applying WaterML 2.0 in pilot projects and
operational applications and to report their experiences and suggestions to the WMO/OGC Hydrology
Domain Working Group and the Advisory Working Group.
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