Form 4. Description of the research project

Extratropical hydrological cycle in the present and future climate:
Uncertainties and predictability
Section 1. General project information
1.1. Field of science
Earth science
1.2. Research area
Extratropical hydrological cycle in the present and future climate: Uncertainties and predictability
(Climatology, Oceanography, Hydrology, Meteorology)
1.3. Project goal
Identification and quantitative description of mechanisms of hydrological cycle variability over the
Northern Extratropics at different space-time scales and development of future scenarios of water
resource changes and their impact on human activity and wellbeing.
1.4. Project objectives
* To provide improved estimates and to quantify sources of uncertainties of all components of the
hydrological cycle in the Northern Extratropics, including ocean fresh water transport, ocean and land
evaporation, atmospheric water content and precipitation, storage terms (surface moisture, snow cover,
ground water characteristics) and continental water discharge;
* To better understand and quantitatively describe mechanisms of interannual to centennial variations of
the hydrological cycle of the Northern Extratropics related to external forcing factors and natural
variability and to assess the predictability of these changes at different time scales;
* To develop reliable scenarios (and their uncertainty range) of the Northern extratropical hydrological
cycle change in the 21st century with a focus on Northern Eurasia;
* To assess the role of human interactions with the regional hydrological cycle and to implement a
growing factor of the global climate change in near-time and long-term regional projections of the water
availability, including drinking water resources over Northern Eurasia;
* To identify important feedbacks between the terrestrial hydrological cycle and ocean and atmosphere
dynamics potentially affecting regional and global climate variations.
To achieve these objectives, the new Hydrological Cycle Laboratory (HCL) led by Prof. Pavel
Groisman, will be established at the P.P. Shirshov Institute of Oceanology of the Russian Academy of
Sciences (IORAS). Multidisciplinary by nature and comprising oceanographers, climatologists and
hydrologists, HCL will target the project objectives in a holistic way and will foster the development of a
new research profile at IORAS – comprehensive diagnostics of the global hydrological cycle and its
climate prediction. This will create a new platform for synergizing expertise of scientists from different
disciplines and addressing challenges associated with the global hydrological cycle and thus for the
benefit of the society.
1.5. Anticipated project results
Project results will consist of scientific results and data products. Scientific results will be made
available to the science community, meteorological services, governmental agencies, stakeholders,
insurance companies:
Most accurate estimates of all components of the hydrological cycle with uncertainty estimates
for the Northern Extratropics at continental and regional scales;
New diagnostic algorithms and a suite of numerical models for accurate diagnostics and
prediction of all components of the extratropical hydrological cycle;
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Estimates of the predictability range for different components of the hydrological cycle and their
reliable projections at time scales from several years to a century;
Quantitative estimates of the anticipated global climate change impact on the hydrological
balance and regional water storage and supply;
Regional scenarios (with uncertainty ranges) of changes in water availability for different
Eurasian regions, accounting for projected climate changes and anticipated regional anthropogenic
impacts and resulting feedbacks;
Mechanisms of the ocean impact on the terrestrial hydrological cycle as a basis for improved
predictions on seasonal to decadal time scales and for minimization of uncertainties in climate change
scenarios.
Data products will be made available to climate, environment and economy researchers as well as to
environmental managers and will consist of:
Time series of the continental and regional scale water inventories (including drinkable water) for
the last several decades;
Continental scale and high resolution regional scale maps/grids of all components of the
extratropical hydrological cycle, including atmospheric moisture transport, precipitation and
evapotranspiration, land water storage and river discharge;
Digital maps of the availability of water resources and their quality in the present and future
climate for effective resources management and decision making;
Databases of the model projections of the hydrological cycle in the 21 st century under different
scenarios of anthropogenic impact on climate.
Scientific results will be made available in publications in top-ranked peer reviewed journals. Data
products will be distributed to researchers and stakeholders in the form of digital atlases, GIS-modules,
and data arrays in electronic form through the web and other recognized media.
Section 2. Project description
2.1. Description of the proposed research project
2.1.1. Background and motivation
The present world lives in an epoch of an emerging fresh water crisis whose manifestations are already
visible in many regions of the globe. About 700 million people in 43 countries live in a constant shortage
of fresh water, and by 2025 the number of such people could exceed 3 billion (World Bank, 2010).
Economies of many countries utilize almost all of their available fresh water resources, and water
deficiency became one of the main constraints of regional and global economic development. With a
rapidly increasing world population the water crisis accelerates the food crisis, for which the water
shortage became already as important as the limited availability and gradual degradation of fertile and
arable land. Production of 1 kg of rice (the most water demanding crop) requires 1.3 m3 of fresh water,
and it is the Northern Tropics and Subtropics with a growing population that experience negative
precipitation trends over the last decades, whereas the Northern Extratropics have been getting more
precipitation. In addition to this growing contrast in water deficiency, we live in the time of rapidly
decreasing water quality resulting in the crisis of a fast growing shortage in drinkable water, bringing
natural systems beyond sustainability.
The global water crisis has been developing in a changing climate and in times of an increasing
anthropogenic pressure on natural systems. The hydrological cycle in many large regions has shown
considerable shifts – confirmed by observations and consistently projected for the future global warming
(IPCC 2007) – to the point of no return where the regional infrastructure is not any more adapted to these
new regimes. While some changes are abrupt, the overall effect on people is compound by nature and
results in accelerating risk and vulnerability, threatening the health and security of millions of people, and
increasing water demand by agriculture, industry, urban consumption, and mining. The IPCC Technical
Paper “Climate Change and Water” (2008) with high confidence states that changes in extremes including
floods and droughts will affect water quality and exacerbate many forms of water pollution with possible
negative impacts on ecosystems, human health, and water system reliability. The existing water
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management practices cannot satisfactorily cope even with current climate variability and are definitely
not capable of coping with the impacts of future climate change on water supply, agriculture, energy and
aquatic ecosystems.
The global water crisis in a period of climate change requires precise estimation of all elements of the
hydrological cycle and their accurate prediction. This is especially challenging in the Northern
Extratropics where climate-associated changes in the water cycle are extremely complicated and involve
highly localized oceanic diabatic sources (evaporation), ocean-to-continent moisture transports by
synoptic weather systems, highly variable precipitation and land hydrological processes with their strong
feedbacks to regional climate variability. One and a half century ago Abraham Lincoln in his famous
"House divided" speech quoted, "If we could first know where we are, and whither we are tending, we
could better judge what to do, and how to do it". Transposing this quote from the mid 19th century US
history to the understanding of the extratropical hydrological cycle and the origins of its variability, we
can state, that we do not know where we are because neither component of the hydrological cycle is
known to the extent that makes it possible to achieve its closure. As a result, until now we could not
accurately estimate the tendencies of climate driven shifts in the water cycle, could not predict it and, as a
consequence, could not recommend best practices how to mitigate the water crisis. Today science has
advanced to the point where the major components of the extratropical hydrological cycle can be
accurately quantified making continental scale and regional predictions realistic. Our project contributes
to understanding the major driving mechanisms of changes in the hydrological cycle of the Northern
Extratropics and helps to understand and quantify what is predictable and what is not in order to provide
most accurate scenarios for water availability in the future.
2.1.2. Problem areas: Uncertainties in the components of water cycle on different space-time scales
Being critically important for the economy and for human well-being, the hydrological cycle is practically
uncertain with many components being known more qualitatively rather than quantitatively. This is
clearly demonstrated in Figure 4.1 showing estimates of different components of the global hydrological
cycle revealed by different reanalyses (Trenberth et al. 2011).
Even modern era reanalyses (e.g. NCEP-CFSR, MERRA, ERA-Interim) demonstrate high uncertainties
in the hydrological cycle (Fig. 4.1) with even the signs of different storage terms being uncertain
(Cullather et al. 2011, Trenberth et al. 2011). The most remarkable inconsistency is that in the two most
advanced reanalyses (MERRA and NCEP-CFSR) “evaporation minus precipitation” (E-P) over the ocean
implies an unphysical long-term mean land-to-ocean atmospheric moisture transport, contradicting the
estimates implied by P-E computations over the land and by direct computations of the moisture
advection. Furthermore, uncertainties in estimating the ocean-related components of hydrological cycle
and in the ocean-to-land moisture transport are comparable with the magnitude of some exchange and
storage terms (e.g. groundwater, soil moisture, percolation) that makes the closure of the budget
questionable even for long-term means, and places very large uncertainties on any estimates of climate
variability in the moisture budget and its components.
Although model developers and practitioners apply different approaches for minimization of these
uncertainties, a holistic strategy for this does not exist yet, and for the time being there is no way of
knowing which of the approaches, if any, is correct. All this does not allow to engage to a full extent
components of the hydrological cycle in understanding the observed climate change and, speaking more
generally, precludes the efficient use of the predictive potential of the mid- and high latitudinal ocean in
climate prediction.
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Figure 4.1. Estimates of the observed hydrological cycle (background) adjusted from Trenberth et al.
(2007b) to apply for 2002–08 (1000 km3 for storage and 1000 km3 /yr for exchanges). Superposed are
values from the eight reanalyses for 2002–08 (colour coded as given at the top-right of the panel). The
exception is for ERA-40, which is for the 1990s. For the water vapour transport from ocean to land, the
three estimates given for each are (i) the actual transport estimated from the moisture budget (based on
analyzed winds and moisture), (ii) the E – P from the ocean, and (iii) P - E from the land, which should be
identical. [Adopted from Trenberth et al. (2011)].
Uncertainties in oceanic evaporation represent one of the largest gaps of our knowledge about the
global hydrological cycle. The ocean is the largest reservoir of water on the Earth. It provides 102 to 115
cm per year evaporation, whose intensity is the largest in the mid latitudes over the western boundary
current regions (Gulf Stream and Kuroshio). In the North Atlantic (Figure 4.2) the annual mean surface
latent heat flux in the Gulf Stream amounts to 200 W/m2 (equivalent to 160 cm/yr) with up to 300 W/m2
in winter. However, the uncertainties of our estimation of surface evaporation amount sometimes to 3040% of mean values (Fig. 4.2) due to inaccurate parameterizations and sampling errors (Berry and Kent
2009, Gulev et al. 2007a,b, 2010, Gulev and Belyaev 2012). As a result, we cannot accurately estimate
climate variability in ocean evaporation (as well as ocean surface fluxes in general) and cannot therefore
quantify with the required accuracy the role of the ocean in diabatic heating and moisturizing of the lower
atmosphere. Some attempts to study long-term changes in ocean evaporation (e.g. Gulev et al. 2007b, Yu
2007, Josey 2011) just highlighted the high level of uncertainties but did not resolve the problem. This
gap now becomes critical not only for the hydrological cycle but for climate science in general – we still
do not have a direct evidence of the Bjerknes (1964) conjuncture suggested 50 years ago, that the ocean
contributes significantly to long-term – multidecadal – SST variability and surface fluxes and potentially
to the atmospheric changes.
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Figure 4.2. Annual mean latent turbulent flux in the North Atlantic (W/m 2) (colours) and sea surface
temperature (contours) (a) as well as uncertainties in the annual mean latent flux due to parameterizations
and sampling effecst (b). In many areas the uncertainty exceeds 30-40% of the mean values, with up to
50% in the Gulf Stream region. Figure is based on the estimates by Gulev et al. (2007a) and Gulev and
Belyaev (2012).
Importantly, we even do not know which accuracy we need to achieve a proper estimation of surface
evaporation (or latent flux), since this accuracy is largely dependent on the processes considered. A target
net surface heat flux accuracy of 10 W/m2 at monthly to seasonal time scales implies a required accuracy
of 2-3 W/m2 for individual surface flux components (Gulev et al. 2010) which is still very difficult to
achieve. Furthermore, there is no unique value for the accuracy needed, with resolution (both spatial and
temporal) requirements also being a key issue. Figure 4.3 shows schematically different oceanic and
atmospheric processes with their spatial and temporal scales along with the accuracy required for the
adequate description of surface fluxes relevant to these processes. Accuracy requirements are spread from
0.1 W/m2 to 20-50 W/m2 with decreasing spatial and temporal scales.

Figure 4.3. Schematic representation of different oceanic and atmospheric processes as a function of their
spatial and temporal scales along with the accuracy required for the adequate description of surface fluxes
relevant to these processes (given in color). Red boxes tentatively correspond to the processes requiring
an accuracy of 10 W/m2 (adopted from Gulev et al. 2010).
Estimation of diabatic heating of the atmosphere within a single cyclone requires an accuracy of 10 W/m2
while the analysis of long-term changes in these processes (and therefore estimation of climate variability
of the ocean-to-land transports – one of the key components of the hydrological cycle) implies a 10 times
higher accuracy. Furthermore, analysis of the long-term changes of the ocean branch of the midlatitudinal
hydrological cycle cannot be properly performed without a close look into ocean processes, first of all
changes in meridional freshwater (and heat) transports. Long-term warming and salinification (or,
alternatively, cooling and freshening) signals at intermediate depths (e.g. Falina et al. 2007, Sarafanov et
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al. 2009, 2012) driven by long-term changes in the Atlantic meridional circulation (Latif et al. 2006) have
their robust signatures in the ocean surface properties, affecting evaporation intensity on a long-term
scale. Thus, for understanding mechanisms of the extratropical hydrological cycle, one of the major tasks
is to revisit the estimates of ocean evaporation and to quantitatively estimate variability in this source
term for the last several decades.
Evaporated over the ocean, moisture has to be transported to the continents to enter the continental branch
of the hydrological cycle. The major mechanism for the transport of moisture from the ocean to the
continents in mid latitudes is associated with atmospheric synoptic systems – cyclones – which through
the intense interaction with the ocean accumulate a large content of precipitable water and release it over
the continents. However, the process is not as simple as it looks like on the first glance. Rudeva and
Gulev (2011) have shown that cyclones generated over the Western Atlantic mid latitudes are unlikely to
seriously affect the European weather as they bring neither much heat nor moisture. Most of these
cyclones do not reach Europe or, if they do, their effects are weak since they dry considerably during their
propagation across the North Atlantic. Figure 4.4 shows the distribution of the number of cyclones for all
North Atlantic cyclones and for those which approach Europe along with the frequency of cyclone
generation events for these European cyclones. Recently, Dacre and Gray (2009) and Rudeva and Gulev
(2011) argued that most of the cyclones that cross western Europe originate in the eastern Atlantic where
the baroclinicity and the sea surface temperature gradients are weak compared to the western Atlantic. In
this respect, cyclones that are generated in the Gulf Stream area can provide some preconditioning for the
generation of the eastern Atlantic cyclones affecting the European weather. This mechanism may results
in generating the so-called atmospheric “rivers” (Stohl et al. 2008), responsible for enhanced advection of
oceanic moisture to the midlatitudinal continents and associated heavy precipitation.

Figure 4.4 – Spatial distribution of cyclone frequency for all cyclones in the North Atlantic (a), for only
the cyclones approaching the European continent (b) and spatial distribution of the cyclone generation
events for European cyclones (c). Units are the number of cyclones per 218000 km 2 over 1948-2010
(based on Rudeva and Gulev 2011).
To analyze the moisture transport to Europe associated with these cyclones - frequently consolidated in
cyclone series maintaining the atmospheric rivers - is a challenge, because this mechanism involves both analysis of the cyclone generation and their development in western Atlantic, and of their role in
preconditioning the generation and further development of the east Atlantic cyclones. Some pilot
estimates by Rudeva and Gulev (2007, 2011), Field and Wood (2007) have shown that most estimates of
the cyclone moisture budget and advection are very uncertain and still need to be accurately quantified.
For an accurate analysis of this cascade it is important to note that at the stage of cyclone deepening, the
moisture convergence is provided by the advection from the areas outside of the cyclone, which further
transports the moisture along the storm track with the increase of moisture accompanied by the latent heat
flux release in the cyclone warm conveyor belt. This advective mechanism is more important at the initial
stage of the cyclone life cycle and for the cyclones moving northward. At the same time, at the later
stages and, especially for the East Atlantic cyclones, the cyclone conveyor belt mechanism is likely to
dominate. The drying process is less pronounced for the southeastward propagating cyclones, which can
involve the tropical moisture at the low levels as described for the Pacific cyclones by Bao et al. (2006).
The atmospheric moisture transport to the continents by synoptic systems is still a relatively large-scale
process compared to the continental release of water through atmospheric precipitation which plays a
critical role in scaling and clustering of the continental hydrological cycle being one of the most uncertain
its components. The uncertainties grow critically, when the large scale climatology interfaces with
continental hydrology whose dominant spatial and temporal scales are much smaller, and therefore hardly
quantified. The difficulty to quantitatively estimate the role of precipitation, as well as land surface and
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subsurface processes, in the hydrological cycle and its climate variability is primarily associated with the
uncertainties caused by too sparse observational networks available at present. Despite the high total
number of operating hydrological observational sites (e.g. rain and river gauges), the situation is not
spatially uniform, being deficient over vast areas. Kundzewicz (2007) stressed the inadequacy of
hydrological networks in answering the challenges of the abovementioned water crisis era. Table 4.1
shows WMO (World Meteorological Organization) recommendations on minimum network density or
maximum area per station for some hydrological variables and for different physiographic conditions.
Note that in the Russian Federation the nationwide density of meteorological stations and rain gauges is
about 3,000 km2 per gauge and in Siberia the rain gauge density is on an order of magnitude less than over
the European part of the nation.
Table 4.1. WMO recommendations on minimum density of hydrological networks (maximum
recommended areas, km2, per station) (WMO, 1994)

Precipitation estimates using high resolution satellite data from e.g. Tropical Rainfall Measurement
Mission (TRMM) can be considered as a reasonable alternative to station data. Indeed, during the last 15
years, TRMM provides reliable high resolution (in space and time) rainfall estimates for the tropical and
subtropical belts (±40N/S) (Gopalan et al. 2010). However, further poleward, the satellite precipitation
products (contrary to the optimistic claims of some products’ developers) are unreliable. They do not
effectively capture the light precipitation that contributes a higher fraction to the monthly totals over
latitude belts. Over countries with dense in situ precipitation networks (from 3 to 10 rain gauges per ~100
km2) complemented with new generation precipitation radars (e.g., the lower 48 states of the U.S.,
Germany, and The Netherlands) during the last decade, the spatial resolution of daily precipitation
products closely approaches 2-4 km with the uncertainties being small. However, over most regions in
mid and high latitudes (Eastern Europe, Russia, Canada) observational in situ networks are sparse.
Furthermore, for many of these areas accurate estimation and correction of biases in precipitation,
especially those for the solid state precipitation and in the regions with complicated orography, becomes a
laborious exercise (Adam et al. 2006). Since the paucity of the observational networks in mid and high
latitude regions is likely incurable, the accurate estimation of the role of precipitation in climate
variability of the hydrological cycle requires new holistic approaches engaging the analysis of the spatial
and temporal structure of highly localized precipitation processes using advanced statistical and
modelling frameworks which are considered by our project as one of the central modules.
Next to precipitation, evapotranspiration is one of the main consumable components of the terrestrial
hydrological cycle, constituting about 2/3 of atmospheric precipitation over the extratropical land areas.
However, it is the most poorly observed variable within the core triad of the hydrological cycle
(precipitation, evapotranspiration, and runoff). If over the oceans direct eddy-correlation measurements
provide parameterizations widely applicable in a variety of conditions, a similar approach over land (e.g.
FLUXNET, Baldocchi et al. 2001) is considerably less universal due to the strong inhomogeneity of land
surface types, each of which is characterized by specific physical processes. Alternative approaches based
on the use of lysimeters (Golubev et al. 2001), which in the past 20 years became practically extinct, or
employing a framework of residuals of water budget or based on Bouchet’s Complementary Principle
(Brutsaert 2006) in any case suffer from a fundamental drawback - they provide point (local) water flux
estimates hardly compatible with the integrated regional evapotranspiration estimates required for climate
studies. Alternative remote sensing methods do provide spatially integrated estimates (Aduah et al. 2011),
however they still require extensive validation to be employed to a full extent for the analysis of
hydrological cycle and its variability.
During the last decades extensive efforts in this area (Wagner et al. 2012, Parinussa et al. 2011) allowed
for improving the accuracy of satellite microwave measurements of soil moisture and even for their
incorporation into the land data assimilation schemes (LDAS, Xia et al. 2012a). However, these efforts
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still could not be engaged into the estimation of the entire active soil layer because evapotranspiration
strongly depends on soil moisture near the surface. These uncertainties do not allow for the accurate
estimation of soil moisture and evapotranspiration and, as in the case with precipitation, require a novel
concept for the engagement of surface land processes in the end-to-end estimates of hydrological cycle.
Snow is another component of the extratropical hydrological cycle characterized by large uncertainties.
At least for one week a year more than 55% of the Northern Hemisphere land surface is covered by snow.
Understanding snow processes at continental scales is deeply rooted in snow physics implied by its
unique radiative and thermal properties (high albedo, low thermal conductivity, etc.), and in the high
spatial and temporal variability resulting in changes of surface temperature and land-atmosphere transfers
of mass and energy. Key characteristics for estimating hydrological budgets and for regional water
management is the snow water equivalent (SWE), especially during the period of snowmelt (SWIPA
2011). Implying changes in the Earth's hydrology, variations in snow cover over the Northern
Hemisphere lands also feedback in a complex way on the Earth’s climate, modulating climate change
signals (Frei 2009).
Although snow cover measurements (e.g. snow depth) are part of routine meteorological observations, the
SWE is measured only episodically by snow surveys which are expensive due to high labour costs. Due
to the lack of long-term space-time series of this critically important parameter our quantitative
understanding of the role of snow in the hydrological cycle remains at an embryonic state. During the last
decade EOS satellite missions with MODIS and AMSR-E radiometers onboard (e.g. König et al., 2001)
started to provide the snow cover extent with a high spatial and temporal resolution, although there are
still significant sampling and measurement errors in these data. However, the move from snow cover
extent and snow depth (even if measured massively and accurately) to SWE is not straightforward and
remains a challenging task. Accurate measurements and advanced parametric models are required for
estimation of SWE prior to the spring snowmelt. Unfortunately remote sensing can help a little here, since
air-borne estimates of spring SWE using gamma-radiation of the land surface blocked by seasonal
snowpack (Carroll and Carroll 1989) are still inaccurate and we have to rely upon the in situ
meteorological networks (Bulygina et al. 2011).
Changes in snow characteristics may result in the abrupt shifts in hydrological and climate regimes. A
documented decrease of snow cover extent in the spring during 1966-2012 over most of the Northern
extratropics was going along with alternative tendencies in snow depth and SWE - both decreased over
North America and Western Europe - and increased over the interior regions of Northern Eurasia
(Bulygina et al. 2011). Thus, contemporary changes of snow cover cannot be characterized by a single
characteristic. An understanding of the role of snow in terrestrial hydrology requires the entire set of snow
parameters. We strongly believe that the best possible approach here would be a synthesis of in situ and
satellite observations and land surface models with the data assimilation schemes (Xia et al. 2012a).
Freshwater input from river runoff plays an important role in the physical and chemical budgets of the
ocean, its biological processes as well as in the water consumption by the terrestrial biosphere and
anthroposphere. Globally, the available estimates of the total runoff inflow to the World Ocean vary in
the range from 42,800 to 44,700 km3 per year (Water 2008); that is about 10% of the input part of the
ocean water budget. The main source for such uncertainties lies in the fact that major river basins in the
tropics are ungauged or poorly gauged in term of streamflow measurements (Kundzewicz 2007).
Nevertheless, for most of extratropical regions, the runoff term is the most accurately reported compared
to e.g. precipitation and evapotranspiration (Shiklomanov et al. 2006). This has led to the common
practice for studying the regional/continental water cycle by partitioning the region by the orography, i.e.,
by the river basins (so-called catchment areas). Thus, even when river flows cross different climatic zones
and cross pristine and heavily urbanized areas, the last downstream runoff measurement still provides an
invaluable judgment of our ability to accurately characterize (“to close”) the water budget of the
region/basin.
Unfortunately, in the cases when rivers go beyond their banks (freshet, floods) or during ice cover and
floating ice in the ice-prone rivers, the streamflow records become less accurate or even absent and are
replaced by proxy estimates. In addition, on gauged large rivers, the outflow data are often collected not
at the mouth but at some distance upstream, and hence the delta retention remains undetermined. Because
of the aforementioned and some other uncertainties, there is still room to improve the estimates of the
surface runoff into the ocean and water budgets for continents using new methods of runoff observations
including those from space (Brakenridge et al. 2005).
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Analyses of trends in runoff caused by climate change frequently give inconclusive results. First, the
uncertainty results from the weakness of the climate change signal compared to the natural variability and
geographical spread of the river basins through climatic zones where changes in the water budget can
have opposite signs. A second reason is the deficiency of series of streamflow observations and the nonhomogeneity of these series used in some studies. The consequences of the latter are different (and
sometimes contradictory) conclusions on the significance and magnitude of runoff changes. For instance,
according to Bates et al. (2008), statistically significant changes of annual runoff have occurred in the
great Arctic river basins for the last decades, whilst such changes have not been found by the authors of
(Water 2008) for Eurasian Arctic Rivers.
The existing level of uncertainties in empirically based estimates of the components of hydrological cycle
results also in large uncertainties in model projections, precluding an effective validation of model
results, critical discrimination and improvement of models. The available projections of hydrological
consequences of climate change on a regional scale made by hydrological models (HM) linked to Global
Climate Model (GCM) and/or by Regional Climate Models (RCM) are characterized by substantial
uncertainties. The uncertainties are mainly due to the uncertainty in precipitation simulated by GCMs and
less due to the uncertainties in greenhouse gas emissions in climate sensitivity studies, or in the
hydrological models themselves (Bates et al. 2008). For instance, the comparison of different sources of
uncertainty in runoff projections (Prudhomme and Davies 2006) led to the conclusion that the largest
source of uncertainty was the GCM structure, followed by the emission scenarios and hydrological
modelling. One of the primary problems is the fine scale of hydrologic processes and the coarse
resolution of climate models. To overcome the mismatch of spatial grid scales between GCM and
hydrological processes, techniques have been developed that downscale GCM outputs to a finer spatial
(and temporal) resolution. However, despite the improvement of the ability of GCMs to reproduce
precipitation pattern, the immense increase of computer power, and better description of the land surface
processes in HMs, we still cannot obtain reliable estimates of all components of the hydrological cycle at
regional/intra-annual space/time scales. Probably, this is a result of the fundamental lack of predictability
of the water cycle at these scales. Of course, the memory/storage terms of the water cycle exist
(snowpack, soil moisture anomaly, macro-scale atmospheric variables connected to ENSO, NAO, AO,
PDO, etc.), but for most of the Northern Extratropics, they provide only a very general guidance for
variations the next season’s water cycle. Therefore, it is feasible to focus on the changes in the probability
distributions revealing impacts of floods and droughts. Meanwhile, bridging a gap between resolutions of
the GCM outputs and required inputs of hydrological models remains a research challenge. Addressing
this challenge will not resolve all problems but will definitely assist in reducing uncertainties in climate
impact projections.
2.1.3. The mechanisms involved
Dealing with key-mechanisms building the chain of hydrological cycle processes, our major focus will be
on those which are still poorly understood and quantified. The ocean essentially determines continental
climate changes. Simulations with atmospheric general circulation models (GCMs) that employ observed
sea surface temperature (SST) and sea ice extent data as lower boundary conditions reproduce more than
80% of observed temperature variations over land on decadal time scales in the 20th century (Semenov
and Latif 2012). The mechanism of such a strong oceanic impact is related to moisture transport from the
ocean to the continents on long-term scales primarily determined by the SST. Large-scale global pattern
of precipitation trends over the recent decades were also found to be largely determined by SST changes
(Hoerling et al. 2010) with detectable contributions of the anthropogenic forcing (Zhang et al. 2007).
Integrated high latitude precipitation changes are well reproduced in the GCM simulations with the ocean
and ice being resolved (Min et al. 2008). An important mechanism associated with the ocean source of
water (evaporation) at which we will closely look is how and where the extreme turbulent fluxes of
heat and evaporation are formed and whether their climate variability is similar or different with
respect to the mean fluxes. This is critically important in the view that the water content of the
atmospheric cyclones transporting moisture is formed through these extreme flux episodes rather than by
the background fluxes (Rudeva and Gulev 2011). For quantifying extremes fluxes of evaporation and
their variability we will use the concept developed by Gulev and Belyaev (2012) based on the integration
of probability distributions of surface turbulent fluxes. If ocean evaporation provides the diabatic source
of moisture for the atmosphere, the mechanism of the transport of moisture to the continent is in
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question, since Dacre and Grey (2009) and Rudeva and Gulev (2011) have shown that single Atlantic
cyclones are unlikely to provide the moisture transport to Europe. Most of them are drying quite rapidly
over the ocean and typically do not propagate extensively to the Eurasian continent. Thus, in search of the
moisture transport mechanism we will point to the East Atlantic cyclones (see Figure 2.4) and to the
moisture transport pathways provided by the “atmospheric rivers” which are increasingly recognized as
the cause of heavy precipitation over midlatitude landmasses (e.g. Lavers et al. 2012). First explored for
the mid Pacific (e.g. Bao et al. 2006), these phenomena are now also recognized to play a critical role in
the Atlantic moisture transport. We hypothesize that the intensity of the moisture transport in atmospheric
rivers should be closely linked to the clustering of midlatitudinal cyclones into cyclone series that may be
responsible for forming this specific type of the atmospheric moisture transport pathways to the
continents. Figure 4.5 clearly shows a close association of the strong atmospheric river in the Atlantic in
December 1994 with the series of low pressure systems propagating along the main North Atlantic storm
track. Looking at the cyclone clustering and analyzing the mechanisms of forming cyclone series over the
Central and Eastern Atlantic on one hand and analyzing atmospheric rivers associated with this
phenomenon on the other, we will be capable of quantifying anomalous atmospheric moisture transport
from the Atlantic to the Eurasian continent. In this respect, - important question - is how (if at all) the
occurrence of cyclone series is associated with anomalously high extreme evaporation events in the
Atlantic.

Figure 4.5. Analysis of mean sea level pressure (Pa) for 12:00 UTC 10.12.1994 (a) and vertically
integrated atmospheric water transport (kg/m s) for the same time (b) computed by Lavers et al. (2012).
The release of atmospheric moisture over land (precipitation) is also characterized by clustering in
space and in time. The changing character of the structure of the European and North American
precipitation and associated prolonged dry episodes was one of the main discoveries of the last years in
understanding the midlatitudinal continental water cycle (Groisman and Knight 2008, Zolina et al. 2010,
2012).
During the last decades the number of wet days over Europe does not significantly change with time;
however these wet days tend to group into prolonged rainy periods, that result in lengthening both dry and
wet spells (Figure 4.6). Importantly, longer wet periods are typically associated with abundant
precipitation (Zolina et al. 2010). This empirical fact requires further quantification and theoretical
explanation within the atmospheric and hydrological packages of the project. Practical consequences of
advances in understanding this mechanism are enormous and include our understanding of the frequency
and intensity of future drought and extreme rainfall. In our project this mechanism and its climate
variability is associated with the changes in the atmospheric moisture transport by atmospheric rivers and
therefore with the variability in the occurrence of cyclone series in the Atlantic. It also addresses large
scale circulation modes over Europe and the role of evaporation and moisture transport from the
European seas which may alter the regimes of the large scale transports (Zveryeav and Rudeva 2011,
Zveryaev and Hannachi 2012).
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Figure 4.6. (a) Changes in the occurrence of dry episodes above 30 days during the warm season over
European Russia south of 60°N (Groisman et al. 2013), (b) locations for which linear trends (over 1950–
2009) in the duration of wet and dry periods show the same sign including their statistical significance at
different levels for Europe (Zolina et al. 2012) and (c) hypothetical scheme, in which the red circles
denote the wet days, demonstrating the ongoing restructuring of European precipitation as a redistribution
of beads on a necklace with a fixed number of beads..
Considering land-sea exchanges through the continental inflow the most poorly quantified
mechanisms are associated with the discharge of small rivers which in contrast to the large ones are
typically not sampled and the groundwater discharges which are practically unknown, although in most
cases are considered to be small. Considering the inflow from small rivers, we have to note that in many
coastal regions (for instance, Black Sea) this term may be quite important, since small river inflow
quickly responds to the anomalous local precipitation especially over mountain coasts. With intensifying
precipitation extremes and lengthening of the wet periods, the role of the discharges from small rivers
may also intensify. Given the lack of adequate direct observations the only way to quantify this term is to
use satellite analyses of the total suspended matter now available from the ESA MERIS-Envisat missions.
These data effectively capture small river plume signatures which can be then converted into discharges
using parameterizations built on the results of coastal dynamics modelling and single observations for
selected cases.
Some important mechanisms are associated with the long-term changes in hydrological cycle and their
projections by climate models. First of all, the role of the large scale ocean variability in forming
hydrological cycle remains uncertain. The Early 20th Century Warming (ETCW) has been most
pronounced in the northern high latitudes and only since the 1990s has been exceeded by the on-going
warming (Bengtsson et al. 2004). ETCW is most likely related to the internal ocean variability in the
North Atlantic, the Atlantic Multidecadal Variability (Semenov 2008). It is the intermittent trends of the
AMO that have very likely contributed to the accelerated warming in the NH in the last 30 years of the
20th century and slowed down the temperature increase since the beginning if the 21 st century (Semenov
et al. 2010). An impact of the AMO on hydrological cycle in Eurasia (particularly in Northeastern
Eurasia) is hardly studied but is potentially very important (Sutton and Dong 2012). Recent analyses
indicated that AMO may have a considerable impact on the Caspian Sea level changes affecting Volga
River discharge (Semenov et al. 2012). Whether or not the AMO impact the discharge of major Arctic
rivers still remains unclear. This issue is, however, of a crucial importance.
Though being accompanied with large uncertainties, the impact of the global climate change on the
hydrological cycle in Northern Eurasia is detected in empirical data, physically based and, in broad
strokes, simulated by climate models. The changes of the hydrological cycle may, however, feed back not
only to the regional but also to the global climate. Mechanisms of such feedbacks are very poorly
understood but they may play a very important role in the dynamics of the climate system.
Considering mechanisms of long-term climate changes in the hydrological cycle including those in
anthropogenically forced climate, of special importance for us will be the mechanisms forming regional
and local dynamics of the water deficits (precipitation minus evapotranspiration, P-E) and it association
with changing land use in the changing climate. Since the pioneering work by Manabe et al. (1981), more

38

and more substantiated concern has been emerging that with global warming, the warm season
temperature increase that is not supported with sufficient water influx (precipitation, supply from the
cryosphere) will result in “summer drying” over the interior of the extratropical land areas. This means
that the major agricultural regions of Northern Eurasia and North America may be in substantive peril
even without the additional pressure on the water use by agriculture, industry, and communal
consumption which already have serious consequences for the water management. However, this
anthropogenic pressure does exist! Thus, anthropogenic water consumption and climatic change in the
same high-productive agricultural regions may intertwine and interact with each other increasing the
water deficit problem for population of the entire Globe. Therefore, we consider the water deficit
dynamics over the Northern Extratropics to be among the key processes. We are planning to study it
using all our modelling and data tools at hand.
With global warming, several land processes will change and affect/interact with the terrestrial
hydrological cycle. We can mention here the permafrost thaw that (when beginning) changes landscapes
causing both creation and deterioration of shallow lakes, wetlands (Shiklomanov et al. 2013), destroying
boreal forest directly (drunken forest) or indirectly (leaving the larch forest without guaranteed water
supply in hot summers (Shvidenko et al. 2013). All these processes directly affect the runoff formation.
Moreover, the thaw affects the built man-made infrastructure across the entire permafrost zone (Bergen et
al. 2013). For many years the stability of this infrastructure relied on the stability of permafrost itself and
now, with changing climate this stability is undermined. In the regions with seasonally frozen upper soil
layer (i.e., most of the extratropics), the depth of this layer will increase, interacting with changing snow
depth, and affecting the cold season runoff formation (Water 2008). Finally, changes in the precipitation
type (frozen, liquid), intensity (heavy or light rainfall), and temporal distribution (prolonged wet and dry
spells instead of randomly distributed wet events, Figure 4.6) will impact the river hydrology causing
different intensity and timing of freshet, redistribution between overland and base streamflow, and larger
variability in river runoff and water availability to ecosystems, agriculture, and communal use.
Using the knowledge of the above-listed processes we will quantify the variability in the hydrological
cycle components and determine the impact of the observed and projected climate change on the
continental scale. This will in turn help to assess the impacts of the water cycle on the ecosystem changes
and subsequently on societal well-being.
2.1.4. Working plan
2.1.4.1 Conceptual approach - ground-breaking nature of the research
In the past two centuries with increasing industrialization and intensifying land use, human society
gradually but more and more decisively interferes with the Global Earth System. Global Earth System
characteristics such as the composition of the greenhouse gases and aerosols in the atmosphere, surface
albedo, global carbon cycle parameters have been visibly changing as a result of anthropogenic influence
(IPCC 2007). The rates of changes in these characteristics increased and concurrently their manifestations
in regional hydrology became visible beyond the level of natural variability over most of the extratropics
(Groisman et al. 2013).
In the last two decades, systematic increases in global surface air and sea surface temperatures due to
natural and anthropogenic causes has begun to prevail over the self-protection mechanisms of the Global
Earth System. In the Arctic the ongoing warming has caused shifts it its state (IPCC 2007, SWIPA 2011)
and affected critical Earth System parameters that control heat and water vapour transport from the ocean
into the interior of the continents. For Northern Eurasia separated from the tropical zone by mountains on
the southern boundary, these transports from the North Atlantic are critical to maintain the regional
hydrological cycle and the societal wellbeing in this dry and cold part of the world.
Substantial changes in energy and water cycles have already occurred over Northern Extratropics and, in
particular, over Northern Eurasia. Therefore, it is essential to study these changes in their dynamics from
the beginning of 20th century onwards and to try to project them into the next century seamlessly
changing the tools from observations to a suite of Global Climate Models (GCMs), Regional Climate
Models (RCMs), Hydrological Models (HMs), and Land Process Models (LPMs) that independently
describe these observations, and further to the same model suite exclusively used for the development of
scenarios of future changes of the water cycle of the Northern Extratropics and associated consequences.
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The groundbreaking nature of the research is in this integrated approach to the study focused on the
impact on Northern Eurasia.
For this purpose for the past 60 years (up to the last 150 years where possible) we will assemble all
available data that describe mechanisms of hydrological cycle changes (see section 2.1.3). In the next step
we will verify simultaneously the adequacy of these data (their aptness to the tasks posed, gaps, and error
estimates) and sufficiency of the theoretical understanding of the processes associated with these
mechanisms. This verification will largely focus on the minimization of uncertainties in the quantitative
description of each component of the regional hydrological cycle.
Then we will select the models which most accurately replicate variability and trend changes in the key
meteorological, hydrological and land use variables for the last decades (from 60 years to a century).
Importantly, the selection requirements for GCMs and individual process models will be different. For
RCM, HM and LSM we will fit their parameters to specific regions and to account for orography, rivers’
network, soil properties, and current land cover (if the latter is not a dynamic component of the model).
However, for GCMs this a posteriori fitting is not appropriate. There is a chance that a specific run of
GCM may fail in the future even if it reliably replicates the contemporary climate variations. However,
there is no chance that the GCM that fails to simulate tendencies for the post-World War II period will
adequately predict the future changes.
By composing a suite of models that can “communicate” with each other exchanging the input/output
parameters we will obtain simulations of the contemporary (past 60 years) and compile scenarios of the
future (next 40 to 100 years) changes of the complete hydrological cycle in each large region of the
Northern Extratropics using each individual integrated model of the suite. Then the deviations from the
observed changes in the historical period will be used to estimate uncertainties of model projections, to
discriminate models and to select those that will be used for studying the natural feedbacks and
mechanisms associated with anthropogenic controls. At the “harvest” stage we will assess the results of
the projections and will expand them by developing estimates of the consequences for ecosystems, human
health, and societal activity.

Figure 4.7. Interactions among models and data streams within the proposed integrated suite of models.
Figure 4.7 provides a block scheme of the links and interactions between models and data streams that are
envisioned. It is important to note that we shall not be building new models or observational networks for
this study. All major blocks in Figure 4.7 represent the models that have been developed or used by the
members of the research team in their past or ongoing studies (see references, sections 2.2, 2.3) and
quality controlled observational data that they have in hands and which were used in assessments of
contemporary climatic and environmental changes (sections 2.2, 2.3, references). Of course we reserve an
option for the improvement of some models, re-arrangements and updates of data sets and development
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of new diagnostic methodologies during the project life time and to run additional sensitivity numerical
experiments with several GCMs (e.g. ECHAM5/OM) that we have access to.
At the completion of the project, we will have in hands as a working instrument the above-mentioned
suite of models with scenarios of future changes based upon their runs, and an ensemble of the
projections of hydrological cycle changes that will provide various estimates of consequences of these
changes in the northern extratropics with the focus on Northern Eurasia. However, our working
instrument will not be frozen and will allow for inclusions of other models and data sets developed for
Northern Eurasia.
2.1.4.2. Outline of the work plan
Our Work Plan consists in the main Tasks, assigned to the major blocks of the project, Work Packages
associated with the Working Groups of the planned Hydrological Cycle Laboratory (HCL), crosscutting the Tasks, and Key phenomena and key region studies which will grow with the project
advancement and the needs of the end users of our study.
Task 1. Components’ assessment
We will provide accurate estimates of each individual component of the hydrological cycle in the
Northern Extratropics on the basis of best available data sets and diagnostic methodologies. We will
consider ocean evaporation, atmospheric moisture transport from the ocean to the continent, precipitation,
soil moisture, river and groundwater discharges. For this purpose we will use observational data that will
be critically assessed and quality controlled, and verified against independent sources of information (e.g.,
in situ data versus remote sensing products) with particular attention to the temporal and spatial
homogeneity of data time series/fields. Considering data types and sources (section 2.2) we will use both
gridded products (for developing regionally integrated estimates) and point measurements for
characterization of individual hydrologic events. We will provide estimates of uncertainties in the
component assessments along with estimates of the temporal variability of each component.
Simultaneously, the algorithms of reducing uncertainties will be developed and improved. The output of
this Task will be a suite of time series of ocean precipitation, vertically-averaged atmospheric moisture
transports by cyclones, gridded terrestrial precipitation, evapotranspiration over land, runoff, and land-sea
discharges.
Task 2. Closing the seasonal hydrological budget for each large region of the Northern Extratropics
for the past sixty years (and for the last century where possible)
In this task, we will provide a diagnostic assessment that will allow reproducing the regional hydrological
cycle and its variability at the seasonal, interannual, and interdecadal time scales using observations and
process models. Regional closure will be treated in terms of scale-dependent uncertainties of individual
components and storage terms. To achieve the task we will perform a scale analysis of the individual
components and will derive estimates of the sensitivity of these components and the entire hydrological
cycle to scaling parameters. Of a special importance here will be the analysis of sensitivity of the
hydrological budget to large disturbances (long drought, long rainy periods with excessive precipitation)
and the accurate tracking of the precursors of these phenomena (early snowmelt, soil moisture anomalies,
atmospheric rivers, cyclone time series) as well as those of the anthropogenic origin (intensification of
land use, ground water withdrawal).
Task 3. Projections of the changes in the hydrological cycle over the Northern Extratropics with
focus on Northern Eurasia for the next several decades (up to year 2050)
These projections will be based on a suite of climate, land process and hydrological models (see section
2.2 for details). As guidance we will use an ensemble of outputs from the IPCC CMIP5 global GCM runs
under potential scenarios of external forcing (Taylor et al. 2012). Criteria for model selection will be
based on the model ability to adequately reproduce the seasonal cycle in the regional hydrological
budgets for different large-scale regions of the Northern Extratropics and the interannual dynamics of the
hydrological cycle during the second half of the 20th century. Output of the GCMs will be used as large-
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scale boundary conditions for running regional climate models and to conduct the hydrological and land
process model simulations. In particular, we will evaluate the results of “GCM=>HM” and
“GCM=>RCM=>HM” experiments projecting the regional hydrological cycle changes in terms of the
sensitivity to the scaling parameters and the spatial model resolution.
A close scientific linkage of the Research Team with developers and users of ECHAM5(6) and KCM
models will allow us to perform several additional GCM experiments that will go beyond the CMIP5
framework and will address the research objectives considered to be important for this project. In
particular, we will investigate in more details the interaction of the extratropical land hydrology with the
major natural ocean variability modes (AMO, ENSO, PDO), impact of the Arctic sea ice retreat on
atmospheric processes and associated changes in the hydrological cycle. These are critical for the
Northern Eurasia water budget, large-scale feedbacks associated with the Arctic Ocean runoff feedbacks
on the Arctic ice conditions, the role of the Eurasian snow cover and soil moisture in forming large
anomalies of the regional hydrological cycle. Experiments focused on understanding the impact of large
scale land cover modifications due to natural and anthropogenic causes on the hydrological cycle will be
of special importance (Shvidenko et al. 2013).
Task 4. Estimating the role of human interactions with the regional hydrological cycle
For selected regions with particularly strong human activity (the Volga River Basin; The Aral Sea Basin;
The Corn Belt of the central United States; and Central Europe) we will design and conduct a special
suite of diagnostics and model experiments to quantify the impacts of the local anthropogenic forcing.
After parameterization and quantification of man-made contributions to the regional hydrological cycle
we will consider several regional scenarios of future socio-economic and water management strategies
and will estimate the level of control that society has on the regional hydrological cycle in these regions.
This may help to determine the extent to that the humans can mitigate (or even reverse) the most
detrimental scenarios of future environmental changes that lead to the loss of soil fertility, desertification,
increase of the wild fire danger, and the deficit of the drinking water. The leading scientist is being
currently involved in one of such regional studies for the Corn Belt of the central United States
characterized by the unprecedented (by 40% per last three decades) increase of the extreme rain events
above 150 mm d-1 (Groisman et al. 2012).
These major Tasks will be complemented with the key phenomena and key region studies (KPKRS)
targeting specific key mechanisms or/and specific regional manifestations of these mechanisms in the
hydrological cycle. Of these KPKRS we will first of all consider the following.
Changes in the occurrence of dry summers over the Central European Russia (KPKRS1). The
tendencies, which emerged during the past 35-40 years with a disproportional increase of precipitation
coming from light and moderate on one hand and from intense rain events on the other hand (Groisman et
al. 2005) result in critical shifts of the regional precipitation regimes. For the U.S. these shifts were first
reported by Sun and Groisman (2004) and for the Northeastern contiguous U.S. were projected by
Semenov and Bengtsson (2002) and later confirmed by Groisman et al. (2005). The decrease in
precipitation frequency (with unchanged or even increasing precipitation intensity) may lead to an
increase in the frequency of prolonged dry periods. Research team members (Groisman and Knight 2008,
Zolina et al. 2010, 2012, Groisman et al. 2013) found that this extraordinary development has been
already occurring in the warm season during the past several decades over North America, Europe, and
Northern Eurasia. These changes, documented by observations from dense meteorological networks
require theoretical explanation. Our working hypothesis is that an increased frequency of prolonged
blocking anticyclones along the entire latitudinal belt may be responsible for this phenomenon. We will
use our modelling tools to diagnose the past occurrences of these events and, thereafter, to project the
changes in their probability for the next several decades on the underlying background of the increasing
summer temperatures that will further intensify the summer drought events.
Excessive water surplus events (KPKRS2). Empirical evidence of increasing precipitation intensity
over the entire northern extratropics accompanied with an increasing frequency of heavy rainfalls
(Groisman et al. 2013) is likely not only to be solely a result of precipitation clustering or of a general
increase of the water holding capacity of the atmosphere with global warming. Changes in trajectories
and intensity of extratropical cyclones (Tilinina et al. 2013) and associated increases in atmospheric
moisture transports are also the obvious candidates to explain dramatic increases in rainfall from 25 mm
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d-1 to 150 mm d-1 over most of the extratropics. For different regions we will use models and observations
to attribute possible causes of excessive rainfall and thereafter, using our model toolkit, to quantify
changes in the contributions from different factors to the excessive water surplus phenomena.
Changes in key seasonal thresholds of the terrestrial hydrological cycle (KPSRS3). Snowmelt and
freshet, their character, spring and autumn onsets are the critical tipping points for the ecosystems,
infrastructure, and agriculture. Bulygina et al. (2011) have demonstrated the decrease of snow cover
extent and concentration (warming) going along with an increase in maximum snow depth and snow
water equivalent (reflecting more snowfall brought by the cyclones from the ocean) over the Eastern
Russia during the last decades. To quantify these changes, we will first use observations and then, with
the modelling toolkit, we will try to explain and project the intensity of these phenomena into the future.
Importantly, for the success, we will need to ensure that our modelling tools are capable of replicating the
observed changes in these particular characteristics.
The Aral Sea as an extreme case of anthropogenically altered water budget (KPKRS4). The Aral
Sea desiccation has been recognized as one of the worst anthropogenic ecological disasters ever. It is
believed that a part of the desiccation may have been due to the natural climate variability manifested in
larger scale warming trends across the Central Asia. Moreover, the interaction between the lake and
climate change is a “two-way process”: the shrinking of the Aral Sea area and volume leads to the
reduction in evaporation and precipitation, thus affecting regional moisture and temperature regimes, and
atmospheric circulation. The altered climatic conditions may, in turn, have induced further changes in the
Aral Sea. Using direct hydrographic and meteorological measurements conducted in the Aral Sea
between 1991 and 2012 by the P.P.Shirshov Institute of Oceanology RAS (14 field campaigns) (Zavialov
et al. 2012), the data from the local station networks of Uzbekistan and Kazakhstan along with WRF
numerical modelling, we will explore the impacts of the desiccation of the Aral Sea and large-scale
climate changes on the regional climate in a holistic manner. Pilot results (Zavialov et al. 2012) show that
the Aral Sea dynamics strongly interacts with both climate and anthropogenic changes over the entire
Central Asia. Therefore, the focus of KPKRS4 will be to close the gap in the entire chain of processes,
specifically targeting positive feedbacks enhancing the Aral Sea impact on the hydrological cycle of the
larger surrounding region which includes major mountain systems of Central Asia as the major water
source for the rivers that feed the Aral Sea. The present day Amu-Darya River discharge rate (2-4
km3/year) is smaller than in the pre-desiccation period by a factor of 10 to 20. This reduction is due not
only to the anthropogenic water diversions, but also to delta retention processes, given that today’s
shoreline retreated for over 100 km from the “original” delta. A careful analysis of delta retention is a
prerequisite for water management during the process of restoration of the sea level and its biota.
Arctic marginal seas in changing climate as a future source of water vapour for the interior of the
continents (KPKRS5). Marginal Arctic Eurasian and North American Seas are covered by seasonal sea
ice most of the year. With the unprecedented retreat of the seasonal and pack sea ice observed during the
last decades, the open water area will expand, providing a source for a strong increase of evaporation and
potentially increasing the local atmospheric moisture content. Where the water vapour coming from this
newly opened kettle will be transported to and released? To answer this question regional budget studies
and specially designed model experiments will be performed. Note, that the associated mechanisms may
go far beyond the regional water budget estimation. Petoukhov and Semenov (2010) have shown that this
process may lead to extremely cold winters over European Russia through the non-linear mechanism of
changes in the regional atmospheric circulation.
Uncertainties in the Black Sea’s water budget by combining satellite imagery, hydrodynamic
modelling, and in situ measurements (KRKPS6). Continental discharge is a major component of the
Black Sea’s water budget. It exceeds the atmospheric precipitation and is close to the total evaporation,
and its water budget is subject to large uncertainties. Only 8 to 10 major rivers are usually taken into
account in the water budget calculations, albeit there are over 1000 small rivers and innumerable creeks
and temporary rainfall watercourses feeding the Black Sea. By indirect estimates, the annual discharge
from these small rivers ranges between 12% and 36% of the total river runoff into the Black Sea, making
them a major source of uncertainty in the water budget of the Sea. To minimize these uncertainties we
will use satellite imagery from the MERIS-EnviSat mission combined with the experiments with
hydrodynamic model of river plumes STRIPE (section 2.2, Osadchiev and Zavialov, 2013) and direct
measurements. This will allow to quantify indirectly the volume of continental runoff accumulated in
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surface-advected river plumes and to obtain the additional freshwater inflow contribution to the Black Sea
water budget due to the small rivers and watercourses.
Submarine groundwater discharge and its role in forming a regional hydrological cycle (KPKRS7).
Submarine groundwater discharge (hereinafter SGD) is the most poorly quantified component of the
ocean’s water budget. SGD is typically distributed in a patchy pattern, and, therefore, measurements at
one or a few points are not always representative. There is evidence that the SGD can be significant at
regional scales with its input to the ocean being comparable to the surface runoff. Moreover, SGD is a
potentially significant pathway for the pollutants and nutrients into the coastal areas of the ocean. The
Research Team will use the its legacy of direct observations and modelling for different regions (Huang
et al. 2011) to estimate the role of SGD in the regional water balances. We will capitalize upon high
resolution IORAS hydrographic surveys of the Eastern Black Sea region, including water and bottom
sediment sampling campaigns. This KPKRS will be aimed on the estimation of the total volume rates of
the continental discharges and the further estimation of the groundwater contributions to the total
discharge.
2.1.4.3. Work packages and project organization within HCL
To implement Tasks and KPKRSs we will organize the project into six Work Packages (WPs) which
will cross-cut the Tasks with KPKRSs being built into the project structure (Figure 4.8).

Figure 4.8. Organization of the project within the Hydrological Cycle Laboratory (HCL) at IORAS. Black
crosses show general cross-cuts between the Tasks and the Work Packages. Plus signs of different colours
show the cross-cuts of the KPKRSs with the Tasks and Work Packages. Linkages between the Laboratory
Working Groups and Work Packages are shown by orange arrows.
We plan the following main Work Packages of the project:
WP-1. Ocean processes and ocean evaporation. This WP will be concentrated on provding reliable
estimates of the ocean sources of fresh water, derived from state of the art in situ data sets and reanalyses,
using best available methodologies for air-sea surface flux estimation. Also, this WP will handle
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observational evidence for long-term changes in the ocean resulting in climate changes in evaporation to
be further used in model simulations with GCMs.
WP-2. Atmospheric moisture transports. This WP will handle the cyclone tracking and analysis of the
cyclone life cycle, building cyclone composites and estimation of the atmospheric moisture transport by
cyclones. This work will be based on the advanced algorithms of cyclone tracking and analysis as well as
on well established methodologies on the computation of transports (section 2.2) accounting in particular
for the transports by “atmospheric rivers” associated with cyclone series. Similarly, this WP will
contribute to the analysis of GCM experiments providing diagnostics of cyclone activity and atmospheric
moisture transports in model runs.
WP-3. Atmospheric precipitation, its clustering and variability. This WP will be targeting processes
associated with atmospheric precipitation and its association with the atmospheric water content. Of
special importance will be the development of the regional and continental-scale precipitation grids in
different resolutions and estimation of climate variability of precipitation intensity. For this purpose this
WP will employ advanced statistical methodologies including those targeting relative precipitation
extremeness and wet and dry spell durations. Methodological tools developed by this WP will also
contribute to the analyses of climate projections of hydrological cycle.
WP-4. Land surface hydrology and land processes. This WP will use all available observations related
to the land processes and a suite of process models (HMs, LPMs) to quantify and parameterize the
components of hydrological cycle associated with the land hydrology. The WP will account for the
evapotranspiration, soil moisture, river discharges and groundwater as well as for snow cover and depth
and the glacier contributions to the water cycle. The derived estimates of all fluxes and storage terms at
different space-time scales and for different regions will be subordinated with the uncertainty measures.
This WP will largely contribute to the closure of the regional hydrological budgets and will also interact
with climate modelling group on the analysis of land processes in GCM experiments.
WP-5. Land-sea interactions and exchanges. This WP will handle the branch of hydrological cycle
associated with the exchanges between the land and the ocean through the surface continental water
discharges and underground processes. Using available observational data bases and new precise
observations as well as modelling tools this WP will provide accurate estimates of the continental water
inputs into the ocean from the continent.
WP-6. Climate projections of the hydrological cycle. This WP will deliver estimates of predictability
limits for different components of hydrological cycle and will provide projections of the regional changes
in the hydrological cycle using state of the art GCMs and RCMs. A special focus will be on estimates of
model related uncertainties, which will be also developed under this WP. Regionalization of the
developed projections and special sensitivity studies for analyzing different mechanisms will be handled
by this WP in co-operation with the other WPs.
Within Hydrological Cycle Laboratory (HCL), the WPs will be carried by 5 major Working Groups
(WGs):
 Ocean and Air-Sea Interaction Group
 Atmospheric Dynamics and Precipitation Group
 Climate Modelling Group
 Land Hydrology Group
 Coastal Processes and Land-Sea Exchanges Group
These Working Groups will handle different Work Packages by contributing to several of them and, thus,
maintain close co-operation with each other, as shown in Figure 4.8. This will provide an effective work
flow and deliverable exchanges between the WPs, facilitated through the close dependencies between the
WGs. Further details of the Project Implementation Plan are provided in section 2.4.
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2.1.5. Benefits
The major benefit of the project carried out by HCL for the research community will be a new suite of
data archives, diagnostic tools, models and scenarios, as a working instrument to address the future
changes in the extratropical climate with improved accuracies and uncertainty estimates. An outstanding
feature of the proposed research is an integrated end-to-end approach to the analysis of the regional
hydrological cycle focused on the role of the World Ocean on the hydrological cycle of the Northern
Extratropics. The instrument will be made publicly available to the maximum extent possible and will be
hopefully used in further national and international integrated assessments of the Earth System Change,
including those developed by IPCC. We stress again, that our working instrument will not be frozen and
will allow including other modelling and diagnostic tools.
Benefits for end users of the HCL products will be secured by a set of applications that will provide
various estimates of consequences and impacts of the future changes in the Northern Extratropics with the
focus on the Northern Eurasia. Up to the end of the project (and thereafter), we will keep the list of case
studies open. Thus, after the major advances in Tasks 1 through 3, the research project anticipates
“harvesting”, i.e., using its output (products) with additional efforts to address numerous regional and
sub-regional practical needs of the end-users (strategic decision makers, infrastructure planning, industry
and agriculture, human health, and well-being).
Under the broader impact of the study and benefits for IORAS and the Russian Academy, we undertake
intangible investments in capacity building that will remain for decades to come. This means building a
new generation of early career scientists (master and PhD students and postdocs) participating in the
project and developing high profile science. The measures of this impact will be the numbers of
publications in top ranked international journals, number of PhD and doctoral defenses, the number of
presentations at major international conferences and the success of the HCL in fundraising at the national
and international levels.
2.2. Description of the scientific approaches and methods to be used to achieve the anticipated
project results
2.2.1. Data
Our project will rely on the extensive use of different types of data describing the hydrological cycle.
These data comprise in-situ observations, gridded data sets, remotely sensed data and results from
reanalyses. Oceanic evaporation and energy fluxes will be estimated using the collection of in-situ
observations from International Comprehensive Ocean-Atmosphere Data Set (ICOADS) (Woodruff et. al.
2011) comprising more that 1 billion ship reports for the period from 1880 onwards. The project team has
full access to these data and long-term experience in their processing including the development of
ICOADS-based flux products in different resolutions (Gulev and Hasse 1998, Gulev 1999, Gulev et al.
2007a,b, Gulev and Belyaev 2012). Along with these data we will use high resolution data of ocean
surface fluxes of heat and evaporation developed at WHOI (OAFlux, Yu and Weller 2007), NOC (Berry
and Kent 2009) and IORAS (Gulev et al. 2010). The state of the deep ocean and estimates of the fresh
water transports in the North Atlantic will be derived from the long-term time series of the cross-oceanic
sections (e.g. Sarafanov et al. 2012) complemented by the ARGO buoy array covering upper and
intermediate ocean layers for the last several years. Along with in-situ data about the ocean state and
surface fluxes we will use in the project satellite based estimates of surface winds, humidity and derived
evaporation available now from SSM/I and the other satellite missions with daily and even higher
resolution for the period starting from 1979 onwards (Bouras 2006, Gulev et al. 2010). Although of a
lower accuracy compared to the in-situ data, satellite data are characterized by homogeneous sampling
and, thus, allow users to avoid time-dependent biased inherent in observational data sets in poorly
sampled regions.
For obtaining alternative estimates of air-sea interaction processes, for the analysis of cyclone activity and
atmospheric moisture transports as well as for the estimation of land hydrological processes we will use
global reanalyses which cover now periods from several decades to more than a century. Figure 4.9
shows the time coverage and the major basic characteristics of these reanalyses. Now first generation
reanalyses NCEP-NCAR, NCEP-DOE and ERA-40 (Kalnay et al. 1996, Kanamitsu et al. 2002, Uppala et
al. 2005) are complemented by the modern era products, namely, JRA-25 (Onogi et al. 2007), ERA-
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Interim (Simmons et al. 2007, Dee et al. 2011), NCEP-CFSR (Saha et al. 2010), and MERRA (Rienecker
et al. 2011). In addition to the increasing spatial resolution from T62 in NCEP-DOE to T382 in NCEPCFSR, these products differ in terms of model configuration, data assimilation system and data
assimilation input. Most reanalyses are based on the 3Dvar data assimilation, and NCEP-CFSR also
includes first-order time interpolation to the observations (FOTO). The 4Dvar assimilation is
implemented in ERA-Interim. The primary novelty of the most recent NCEP-CFSR reanalysis (Saha et al.
2010) is a coupling of the ocean during the generation of the 6-hr guess field. Of special interest there will
be the recently developed Arctic System Reanalysis (ASR), which should become finally available in
high resolution in the beginning of the project term. Among long-term products of special importance for
us will be the 20th century reanalysis (20CR, Compo et al. 2011), covering the period from 1870 onwards
and based exclusively on assimilation of land data, thus ensuring homogeneity of the long-term changes.
The project team has full access to all reanalysis data and already used different reanalyses for surface
flux estimation, cyclone tracking and for the precipitation analyses (e.g. Zolina et al. 2004, Rudeva and
Gulev 2011, Tilinina et al. 2013). For many of our estimates we will directly use the archive of cyclone
trajectories and cyclone life cycle characteristics (Rudeva and Gulev 2007, 2011, Tilinina et al. 2013)
based on different re-analyses and developed at IORAS. Importantly, project team members have very
close personal communications with many of the reanalysis producers that will help to account for
reanalysis biases and specific problems which are typically not explicitly described in metadata and basic
reference papers.

Figure 4.9. Availability of different reanalyses with periods of the time coverage, specific characteristics
of the reanalysis model setting and resolution and spatial resolution of the output.
Since many parameters of the continental hydrological cycle are quite uncertain in global and regional reanalyses, of a special importance for the project will be the continental meteorological station data. The
research team has an unlimited access to two major depositories of hydrometeorological information:
World Data Centers (WDC) for Meteorology A in Asheville, North Carolina, USA and the archives of
WDC B in Obninsk (Russia). They provide the outstanding data bases of precipitation and temperature at
daily and higher resolution, consolidated from the collections of the German Weather Service (DWD),
University of Bonn (Germany), Royal Netherlands Meteorological Institute (KNMI), RSIHMI and other
Russian research institutions (Zolina et al. 2008, 2009). These data bases consist of about 12000 stations
covering Europe with high density in many regions for the period from 1930 onwards (Figure 4.10). A
separate part of this data base is the extremely dense observational network over Germany and
Netherlands (Zolina et al. 2008, 2010) which has effective resolution of 3 km (7000 stations). This data
will be used to validate the existing methodologies of computations of regional water budgets.
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Figure 4.10. European daily meteorological stations combined from different collections.

Table 4.2 – Groups of available data sets and their projected use in the proposed study

Our collaborators from the University of New Hampshire (UNH), USA in close collaboration with the
Russian State Hydrological Institute have created and made publicly available high quality pre-processed
archives of hydrological information for the Arctic Ocean Basin (RIMS) and separately for Northern
Eurasia. Detailed guidance on the metadata and specific characteristics of this data base are provided in
Shiklomanov et al. (2013) which include also some analyses based upon this data set for Siberia. The
assorted hydrometeorological and environmental satellite products for Northern Eurasia have been
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compiled at the NASA Goddard and Langley Space Centers (Leptoukh et al. 2007) and will be also used
in the project for regional assessments of continental processes. For the land-sea exchange part of the
hydrological cycle IORAS compiled during the last years long-term records of instrumental
measurements complemented with observations from the regional tide and river gauges and
meteorological stations, in particular at the Black Sea, Aral Sea and for the Arctic Seas (e.g. Zavialov et
al. 2012).
Table 4.2 provides a brief condensed account of the groups of data sets available for the research team
and their associations with the major tasks they will be used for. The research team members have
extensively used these data sets in their past studies and some of them (Groisman, Bulygina, Zolina)
participated in their quality control, pre-processing and distribution already in the science quality form.
2.2.2. Modelling tools
In the project we will use the output of the latest generation GCMs used in CMIP5 (Taylor et al., 2012).
Moreover, the impact of climate variability and climate change on the terrestrial hydrological cycle will
be studied using already performed and new simulations with the atmosphere general circulation model
(AGCM) ECHAM (European Center - Hamburg) developed at the Max Planck Institute for Meteorology
(MPI) in Hamburg, Germany (Roeckner et al. 2003), which is one of the best AGCMs in the world. The
member of the Project research team, Vladimir Semenov, has more than 15 years experience of working
with different versions of ECHAM (e.g., Semenov and Bengtsson 2002, Semenov and Latif 2006, 2012,
Semenov et al. 2008, 2010, 2012) including the recently released (in 2012) new version ECHAM6 that
will be used in the course of the project. The ECHAM family of models will be used at different
horizontal and vertical resolutions from T31 (about 3.8 degrees lat/lon) for millennia long climatic
simulations to T213 (about 0.6 degree) and possibly T319 (0.4 degree) for studying regional impacts. It is
also planned to study the impacts of the model resolution on the simulated hydrological cycle (scaling
analysis) in the horizontal resolution from T31 to T319.
The ECHAM5(6) GCM will also be used when coupled to the upper mixed layer (50 m)
thermodynamical slab ocean model (MLO). Such a setup allows for a feedback of the atmospheric
variability to the upper ocean temperatures (and sea ice distribution). By applying anomalous ocean heat
convergence flux in the ECHAM5/MLO model, it is possible to isolate the impact of a particular ocean
variability mode on climate (Zhang et al. 2007, Semenov et al. 2010). This model setting will be used in
the project for studying the ocean impact on hydrological cycle.
For specific sensitivity studies where the fully coupled climate system response is essential, we will also
employ the Kiel Climate Model (KCM, Park et al. 2009), a fully coupled atmosphere-ocean-sea ice
general circulation model developed at the Helmholtz Center for Ocean Research in Kiel, Germany
(GEOMAR). The research team members (Gulev, Semenov) have a long-term cooperation with the
GEOMAR modelling group which has expressed a strong interest in a closer collaboration with the
project consortium. The KCM consists of the ECHAM5 AGCM currently run at T31, T42 or T63
horizontal resolution and the NEMO (Madec 2008) ocean-sea ice general circulation model with a
horizontal resolution based on a 2° (or 0.5° for higher atmospheric model resolutions) Mercator mesh
(Park et al. 2009). The KCM will be used, in particular, for sensitivity simulations with modified Arctic
rivers’ runoff.
In order to estimate regional changes in the hydrological cycle for specific Eurasian regions we will use a
nested approach where the GCMs output provides lateral boundary conditions for the inlay Regional
Climate Model (RCM) domains built into the GCM global domain. In this case, RCM can provide a
refined solution for the area of interest at a finer grid. Currently there are several RCMs that can be used
in the project, in particular, the European RCM REMO (Hagemann et al. 2009) developed at the MPI.
Similarly, for the local studies and particularly for some KPKRSs we will use the very high resolution
non-hydrostatic prognostic system WRF, developed by NCAR (Skamarock and Klemp, 2007). The
model has a powerful dynamical core, provides a wide choice of parameterizations of the principal
governing physical processes and allows for spatial resolutions of 750 m to 3-6 km which is essential for
targeting hydrological events associated with mesoscale mechanisms especially in the areas with
complicated orography. Importantly, the latest operational version of WRF is already implemented and
actively used at IORAS in different applications and adopted to the IORAS computer platform.
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For terrestrial modelling, we will employ three hydrological models (HMs) verifying them against each
other and testing their performance. Configurations to be used are the UNH Water Balance Model
(WBMplus, Wisser et al. 2008), the Various Infiltration Capacity Model (VIC, Liang et al. 1994, 1996)
and the SWAP Land Surface Model (Gusev and Nasonova 2002, 2003). The UNH WBMplus model is
designed to simulate water fluxes and storage across the Earth’s land surface (Figure 4.11a). This model
is built on an existing modelling framework and aims to predict spatially and temporally varying
components of the hydrological cycle. WBMplus is fully implemented into the Framework for Aquatic
Modelling of the Earth System (FrAMES, Wollheim et al. 2008a) representing a grid-based, spatially
distributed watershed modelling tool that allows for application of hydrological and bio-geophysical
processes over a wide range of temporal and spatial resolutions. WBMplus will be applied to the Northern
Extratropics targeting the gridded river networks with spatial resolutions from 3 to 30 km. The model can
be forced at daily and finer time steps by the external boundary conditions from GCMs, reanalyses, and
observations. The water transport module of WBMplus, the UNH Water Transport Model (WTM), is
based on the Muskingum-Cunge flood routing scheme (Ponce 1994) for computation of the discharge
fields. This scheme has been extensively validated against river gauge observations. The model physical
core includes freeze-thaw dynamics, snowmelt runoff, surface runoff due to impervious surfaces, and a
set of physically based evapotranspiration parameterizations relying on air temperature, humidity, wind
speed, solar radiation and characteristics of the land cover.

Figure 4.11. (a) Conceptual scheme of the UNH Water Balance/Water Transport Model (WBMplus) with
flow routing based on a Muskingum-Cunge flood routing scheme (Wisser et al, 2010). (b) Scheme of the
Variable Infiltration Capacity (VIC) Hydrological Model operation (adopted from
http://www.cereo.wsu.edu/ bioearth/vic_model.html).
In addition to the natural runoff generation processes, the WBMplus setting includes water withdrawals
(from surface diversions and groundwater) and reservoir operation modules to treat direct human impacts
on the streamflow. To account for irrigation water demand, the cropland component of each grid cell is
partitioned into a non-irrigated and an irrigated part with the latter being subdivided into a number of subblocks representing different crops with their unique fertile properties and corresponding water
requirements. The WBMPlus is installed and already extensively used by the project team from IWRRAS
(Nasonova and Gusev 2009). The model has a flexible modular structure and user-friendly software
framework that allows for its effective operations and tuning.
The variable infiltration capacity (VIC) land surface model is a macro-scale hydrological model that
solves the energy and water balance equations and has a module for implementing ephemeral snow cover
over a gridded domain (Figure 4.11). VIC can be used in a wide range of applications from short term
weather and hydrological forecasts to climate change studies. Its performance has been tested for
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practically all land surfaces and thereafter used worldwide as a land surface scheme that fits seamlessly
into the GCM output (in fact, VIC originated from the hydrological land surface scheme of GFDL GCM
that was further expanded and developed at the Princeton University and the University of Washington,
Liang et al. 1996, Andreadis et al 2009). The off-line simulations with VIC can be performed at an hourly
time step in full energy balance mode, forced with daily precipitation, maximum and minimum
temperatures and wind speed only. The snow parameterization in VIC represents snow accumulation and
ablation processes using a two-layer energy and mass balance scheme (Cherkauer and Lettenmaier 2003)
and a canopy snow interception algorithm (Andreadis et al 2009) when an overstory is present. In the
VIC model, each grid cell is partitioned into five elevation (snow) bands, which can include multiple land
cover types (tiles), includes a finite-difference frozen soil algorithm with sub-grid frost variability, and a
blowing snow algorithm. VIC is able to reproduce soil temperature profiles and can be used as a surrogate
for observations to estimate long-term changes in soil heat content. Also the lakes and wetlands model by
Bowling and Lettenmaier (2010) can be linked to VIC in wetlands.
Selection of the VIC and WBMplus models for our project is motivated by the recent successful
implementations of these models for reproducing the hydrological and energy (for VIC) cycle in the
Arctic and Northern Eurasia, including extreme flows and water budget shocks (Shiklomanov et al. 2013,
Shi et al. 2011).
The SWAP model developed and regularly updated by the project team is a physically based landsurface model describing heat and water exchange between the land surface and the atmosphere
throughout a year at different scales (from local to global) and adopted to the use of an atmospheric
forcing function provided by a GCM at the lowest atmospheric layer or at any reference height (Gusev
and Nasonova 1999). The main distinctive feature of SWAP is a combination of the physically based
treatment of the main processes and rationality of modelling technique used. The latter is provided by the
application of analytical methods to solve the system of equations and by a reduced number of model
parameters. This allows avoiding problems of low accuracy of numerical solvers for some equations and
of parameter estimation. SWAP has a non-traditional structure with an explicit partition of the “model
year” into the warm and cold seasons for each or which the model has a separate block. The cold-season
model is used when the mean daily air temperature drops below 0C during more than seven days, snow
appears on the land surface and the soil freezing depth starts to be greater than zero. Otherwise, the warmseason sub-model is used. The model includes the interception of rainfall/snowfall by the canopy
evapotranspiration, snowpack formation on the ground and on trees’ crowns, surface runoff formation,
drainage formation, water infiltration into a soil and exchange between soil layers and interaction between
soil water and groundwater. We anticipate that this model layout will be effective in reproducing shifts of
the tipping points of the hydrological and energy cycles in the Northern Extratropics (e.g., the earlier
spring onset, freeze-refreeze, etc.). Surface runoff in SWAP is based on the Hortonian mechanism (when
precipitation rate exceeds infiltration rate). Formation of the streamflow within the catchment outlet from
the simulated runoff is parametrized through the two-dimensional kinematic wave equation. The
subsurface runoff is parameterized in the concept of saturation excess with varying water table depth.
Additional model blocks include evaluation of the soil erosion, nutrient transport, surface energy balance
formation (parameterization of radiative and heat fluxes) and formation of the dynamics of soil freezing
and thawing depths. The SWAP model has been extensively validated in international HM
intercomparison projects such as PILPS (Gusev and Nasonova 2002), SnowMIP (Etchevers et al. 2003),
MOPEX (Nasonova and Gusev 2009), GSWP-2 (Nasonova et al. 2011) and for simulation of the runoff
in the Arctic Ocean (Gusev and Nasonova 2011).
The STRIPE model (“Surface-Trapped River Plume Evolution”) was developed at IORAS and is
designed for simulating the dynamics of river plumes in the coastal ocean. STRIPE is a Lagrangian
hydrodynamic model which combines the deterministic approach following from the momentum budget
with a random-walk scheme. The latter is tuned based on the parameterized horizontal diffusivity. The
parameterizations of the vertical diffusivity and eddy viscosity coefficients are Richardson number based.
The model has been successfully applied to the regions adjacent to river mouths in the Black Sea, the
Kara Sea, and South China Sea (Zavialov et al. 2012, Osadchiev and Zavialov 2013, in press) and proved
to be an excellent tool for investigating the fate of continental discharges into the ocean under a variety of
forcing conditions.
2.2.3. Diagnostic methodologies
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For the diagnostics of the experimental and modelling results we will use a set of different methodologies
covering all topical areas of the research project.
Computations of the ocean evaporation will be performed using the most advanced COARE-3 algorithm
(Fairall et al. 2003) accounting for the exchanges under storm and calm conditions. For estimation and
minimization of the uncertainties of surface turbulent flux computations we will use the re-sampling
methodology by Gulev et al. (2007a, b) and advanced methods for the estimation of the integrated
evaporation suggested by Gulev and Belyaev (2012). These methods provide high accuracy in estimation
of both mean and extreme fluxes of evaporation that is especially important for quantifying diabatic
sources of atmospheric moisture for the midlatitudinal atmosphere.
Cyclone identification and tracking in the project will be performed using the numerical algorithm
developed at IORAS (Zolina and Gulev 2002, 2003, Rudeva and Gulev 2007), which has been effective
in representing both climatological features and variability pattern of cyclone activity and was extensively
tested in the IMILAST algorithm intercomparison project (Neu et al. 2012). This algorithm allows for
effective cyclone identification north of 25ºN and is easily applicable to different grids of the input SLP
by courtesy of the modified method of local procedures incorporated into the scheme. Recently Tilinina et
al. (2013) applied this algorithm for cyclone tracking of all 8 re-analyses with a variety of grid
representations. Initially designed for computations of basic parameters of the cyclone life cycle, the
algorithm was further developed for quantifying cyclone size and geometry as well as for building
cyclone composites (Rudeva and Gulev 2007, 2011). The algorithm has been applied for the analysis of
cyclone climatologies (Zolina and Gulev 2002, Tilinina et al. 2013), tracking of the output from climate
model experiments (Loeptien et al. 2008), studies of cyclone responses to air-sea fluxes (Zolina and
Gulev 2003, Rudeva and Gulev 2011) and estimation of the atmospheric moisture transports by cyclones
(Rudeva and Gulev 2011).
The general approach for estimating source terms for heat and moisture balances was given by Trenberth
(2007) and Cullather and Bosilovich (2011) and is based on the total energy and moisture equations
integrated over the atmospheric column. In our project, when computing transports in reanalyses, we will
use this concept accounting for the sum of contributions to the analysis increment, which is represented
by the difference between the observation-based analysis and the corresponding model synoptic
background. The analysis increment tendency represents the summation of vertically-integrated latent
heat, virtual enthalpy, kinetic, and potential energy term contributions. For most accurate estimates we
will also include in the computations the contribution of spurious residuals resulting from inertial terms,
the discretization of the thermodynamic equation, coordinate remapping during model integration, and
time-truncation errors. When considering the regional moisture balance in re-analyses and model
interpretation of the quantity P−E - referred to as “net precipitation” - it may be uncertain when computed
from re-analyses output. Disregarding negligible terms, two different measures of net precipitation are
obtainable from re-analyses - estimates based on state and dynamic variables in the atmospheric profile
referred to as the “aerological method” (e.g., Serreze et al. 2006) and those obtained from individual
output products of the assimilating model’s physical parameterizations. Accurate handling of all terms of
the direct moisture transport estimates in the project will complement estimates of the moisture transport
by cyclones using the “cyclone water balance” concept of Rudeva and Gulev (2011) and the water
recycling framework by Trenberth et al. (2003) and Zveryaev and Allan (2010).
For the statistical analysis of precipitation we will use methodologies first proposed by Groisman et al.
(1999, 2001, 2005) and further developed by Zolina et al. (2004, 2005, 2009, 2010, 2012). These
methodologies provide algorithms for in situ precipitation data quality control and for the accurate
estimation of the integrated precipitation amounts using a variety of initial value distributions (e.g.
Gamma distribution) and also extreme value distributions for quantifying the tails of probability density
functions. For estimation of the fractional contribution of most wet days to the long-term precipitation
total we will use a general approach given by Klein Tank and Koenen (2003) and the more accurate
methodology of Zolina et al. (2009) who extended the standard methodology to estimate the fractional
contributions of specific wet periods to the total by introducing a new fractional distribution based on
hypergeometric functions. Dynamics in the duration of wet and dry periods as well as accumulated
precipitation during the wet periods will be estimated using the algorithms developed by Groisman and
Knight (2008) and Zolina et al. (2010, 2012). These methods will allow for quantifying dynamics of
periods with excessive water surplus and with anomalously dry conditions in different regions.
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Along with original methodologies for the analysis of different processes we will use various statistical
methods for quantifying long-term trends and pattern of interannual variability in the data sets and climate
model outputs. For this purpose we will use a suite of well established diagnostics, including trend
significance analysis accounting for group significance (Wilks 2006, Zolina et al. 2008), empirical
orthogonal function and singular value decompositions (e.g. von Storch and Zwiers 1999), different
modification of spectral and wavelet analysis for the accurate description of annual cycle and multiyear
oscillations in the time series and other statistical methodologies.
2.3. Description of completed project-related work and associated research results achieved by the
project staff members
Up to date the proposed project team has achieved considerable progress in the study of key-mechanisms
forming the variability of all components of the extratropical hydrological cycle. These results were
published in top ranked international journals (more than 50 publications starting from 2001) and will
provide the conceptual and methodological basis for the execution of the project Working Plan.
IORAS researchers during the last decade performed a comprehensive assessment of the oceanic
mechanisms of the fresh water transport in the North Atlantic, based on ocean observations and
modelling. Using full depth high accuracy ocean cross-sections data, Falina et al. (2007) and Sarafanov et
al. (2008) identified the major mechanisms responsible for the freshening and salinification of different
ocean water masses and obtained estimates of the ocean fresh water transports in the North Atlantic mid
and subpolar latitudes. This allowed for estimation of the fresh water transports and identification of the
regions contributing to the long-term changes in the North Atlantic and Arctic fresh water budget
(Sarafanov et al. 2010, 2012). Importantly, these analyses are complemented with model estimates of
surface water mass transformation and meridional heat and fresh water transports (Gulev et al. 2003,
2007) which also allow for the identification of the mechanisms of changes in the ocean state and fresh
water transport. These results and developed methodologies will be used in the project WP-1 for the
analysis of mechanisms forming anomalies of the ocean fresh water transports.
Considering ocean evaporation and more generally ocean-atmosphere interactions, IORAS during the last
15 years developed new climatologies of all components of air-sea fluxes subordinated with uncertainty
estimates (Gulev et al. 2003, 2007a,b, 2010). Of special importance is the presently most accurate
estimate of sampling uncertainties provided by Gulev et al. (2007a,b) which for the first time quantified
the accuracy of estimates of surface fluxes, including evaporation, derived from different sources. To
minimize the uncertainties of estimation of surface fluxes Gulev and Belyaev (2012) developed a
methodology based on the integration of newly derived probability distributions of surface turbulent
fluxes, called Modified Fisher-Tippett (MFT) distribution that allows for accurate estimates of both mean
and extreme surface fluxes critically important for the estimation of diabatic sources of water vapour in
the atmosphere. Another important finding of Gulev and Belyaev (2012) is that the mean and extreme
fluxes of evaporation may exhibit very different climate variability. This implies that the sources of
precipitable water for atmospheric cyclones associated likely with the extreme surface fluxes cannot be
accurately derived from the mean flux values. These results will be extensively used in the project (WP1) to provide an accurate estimation of the midlatitudinal ocean evaporation and its impact on the
extratropical hydrological cycle.
The project team during the last decade made a profound contribution to the analysis of extratropical
cyclone activity, storm tracking, exploration of the cyclone life cycle and development of cyclone
composites that are critically important for WP-2 of the project. IORAS developed one of the most
advanced storm tracking algorithms (Gulev et al. 2001, Zolina and Gulev 2002, Rudeva and Gulev 2007)
which has shown very good skills compared to other schemes in the IMILAST (Intercomparison of MIdLAtitude STorm diagnostics) intercomparison project (Neu et al. 2012). Using this algorithm we
developed an ensemble of cyclone tracks in different reanalyses and climate models (Loeptien et al. 2008,
Tilinina et al. 2013) and also the methodology for the analysis of cyclone size and geometry and cyclone
composites (Rudeva and Gulev 2007, 2011). These tools will be largely used for the project in WP-2 and
WP-3 for quantifying the role of cyclones in atmospheric moisture transports. Furthermore, all
methodologies of cyclone tracking and analysis will be applied to the global and regional model
projections in WP-5.
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Precipitation analysis is the area where expertise of the leading scientist (see the references and the
description of the results in Form 3) will be enriched by the results of the IORAS team. In this area the
project-relevant results of the group include new methods for quantifying precipitation statistics including
the analysis of rare precipitation events. Formulated in Groisman et al. (1999, 2005), these methodologies
were further developed by Zolina et al. (2004, 2005, 2008, 2009). These works developed the end-to-end
algorithm for estimation of long-term changes in both mean and extreme precipitation intensity and also
delivered special probability distributions for estimation of the fractional contribution of the most
abundant precipitation events to the total precipitation (Zolina et al. 2009). Detailed analysis of the
dynamics of the duration of wet and dry periods was performed by Groisman and Knight (2008) for the
United States and by Zolina et al. (2010, 2012) for Europe. These analyses are effectively complemented
by the studies of larger scale variability in European precipitation performed in Zveryaev (2006, 2008),
Zveryaev and Gulev (2009), Zveryaev and Hannachi (2012). All these results will provide the
methodological basis for WP-3 and WP-4.
In the area of land hydrology processes the research group from the Water Problems Institute, RAS (WPI
RAS) has a long experience in the development of physical models for simulating the hydrological cycle,
such as SWAP, ECOMAG and others, which include snow accumulation and melting, soil processes and
evapotranspiration, water-and-heat transfer within a soil column accounting for the phases of soil
moisture, surface, subsurface and groundwater flow in a river basin, and channel flow. These models have
been applied for the diagnostics and projections of hydrological processes in different regions (Gelfan
2010, Nasonova et al. 2011) and to the analyses of possible changes of hydrological regimes caused by
man-induced changes of water systems and climate. Importantly the models have been extensively
validated in a number of international model intercomparison projects (MOPEX, PILPS, NOPEX,
SNOWmip1,2 and others, see section 2.2). These results will significantly contribute to the project WP-4
and will be also used in WP-5 and WP-6.
In the area of interactions between the ocean and continental discharges, the project team has gathered
considerable experience in sea-going measurements, particularly on the Black Sea shelves, where field
campaigns have been conducted annually from the early 2000s, as well as in the regions of freshwater
inflow in the Kara Sea, the Baltic Sea, the South China Sea, and the South Atlantic Ocean (e.g., Zavialov
et al., 2003). These works were focused on river-borne anthropogenic pollutants in the coastal zone, and
the interactions between the fluvial outflow and mesoscale shelf circulations. To ensure the desired level
of accuracy in mapping the river plumes, IORAS designed and developed novel instruments, including a
pump-through CTD system and ultraviolet fluorescent lidar, providing accurate measurements at
horizontal resolution of the order of a few meters .
Importantly, we also developed a novel numerical Lagrangian hydrodynamic model STRIPE (“SurfaceTrapped River Plume Evolution”) for simulating the dynamics of river plumes in the coastal ocean
(Zavialov et al., 2012a, Osadchiev and Zavialov, in press, see section 2.2). The project team was also
involved in international research aimed at quantifying the role of submarine groundwater discharge
(SGD) in regional water budgets, and was the first to observe the distinct signatures of SGD and estimate
the discharge rates from in situ measurements on the shelf of Taiwan (Zavialov et al., 2012b). Finally,
since 2002, the team implemented an IORAS research programme dedicated to the Aral Sea, a major
saline lake in Central Asia, presently undergoing severe desiccation due to anthropogenic diversions of
water from tributary rivers, as well as the effects of climate change. We are the only group conducting
regular in situ hydrological surveys in the dying lake, complemented with numerical modelling and
remote sensing. The group members are the world’s leading experts in the present day hydrology,
hydrochemistry, and water budget of the Aral Sea (Zavialov, 2005, Zavialov et al., 2009, Zavialov et al.,
2012c). All these results will be critically important for the WP-4 and WP-6 of the project and will also
contribute to the WP-3 and associated KPKRSs.
Experience of the research team in climate modelling is based on the work of Vladimir Semenov and his
colleagues. In the early 2000s he performed the analysis of the daily precipitation in a climate change
simulation with the global climate model ECHAM4/OPYC3, accomplished with the development of the
novel methods for estimation of precipitation statistics and significance testing (Semenov and Bengtsson
2002). An important result of Semenov and Bengtsson (2002) was an overall conservation of relative
humidity found in the model that explained the increase of intense precipitation over the continents.
Further, global coupled climate models were used for the analysis of the North Atlantic Oscillation NAO,
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the major natural variability mode on the inter-annual time scale in the Northern Hemisphere (Semenov et
al. 2008), and simulating abrupt climate changes (Semenov et al. 2009).
Using the ECHAM5 model, Petoukhov and Semenov (2010) discovered a new mechanism for the recent
cold winters over Eurasia related to the non-linear atmospheric circulation response to the Arctic sea ice
retreat. Simulations with the ECHAM5 model coupled with a slab ocean model using estimates of the
anomalous ocean heat convergence flux associated with the Atlantic Multidecadal Variability (AMV)
provided new (and considerably higher than previously expected) estimates of the AMV contribution to
the ongoing climate change (Semenov et al. 2010). Later Semenov et al. (2012a) demonstrated a
significant impact of the AMV on the Volga River discharge. Contributions of the global and regional
ocean temperature and sea ice trends in the last four decades to the change of different climate
characteristics including precipitation over Eurasia has been estimated using simulations with the
EHCAM5 model (Semenov et al. 2012b). The considerable reduction of the Arctic sea ice area in winter
time during the Early 20th Century Warming was diagnosed using the ECHAM5 GCM simulations with
prescribed boundary conditions for the last 130 years (Semenov and Latif 2012). This result contributes to
the developing consistent picture of large climatic, presumably internal, variations in the northern high
latitudes which must have also impacted the hydrological cycle in Eurasia during the first part of 20th
century, and may contribute to the present and future climate change. These results and also the
experience gained in numerical experimentation with ocean general circulation models (Gulev et al. 2003,
2007) will contribute to the WP-5 and will be also used in WP-2 and WP-6.
In summary, the research team has extensive experience and significant achievements practically in all
topical areas of the project. The results are well accepted by the scientific community as they are
published in top ranked scientific journals, including Nature Climate Change, Journal of Climate, Journal
of Physical Oceanography, Monthly Weather Review, Journal of Hydrometerology, Climate Dynamics,
Geophysical Research Letters, Journal of Geophysical Research, Tellus and others (see Forms 5 and 3 for
the details). Many results were pioneering in particular areas with some papers having more than 100
citations. Scientists from the research team were frequently invited for solicited and key-note lectures and
presentations to major international conferences and workshops (see Form 5). Furthermore, research team
members served as organizers, members and chairs of the organizing committees of many major
conferences (Peter Zavialov, Olga Zolina, Pavel Groisman, Sergey Gulev). Starting from 2012, Sergey
Gulev chairs the Nansen Medal Committee of EGU. Many of the team members serve in the steering
committees of major international climate programmes (Sergey Gulev and Olga Zolina). Sergey Gulev
and Olga Zolina are respectively the Associate Editors of the International Journal of Climatology and the
International Journal of Water that also demonstrates the recognition of their contributions. Three
members of the consortium serve as Lead Authors (Sergey Gulev and Peter Zavialov) and Review Editor
(Vladimir Semenov) for the Fifth IPCC Assessment Report – the writing team comprising distinguished
climatologists. All this along with the proved ability to acquire research funds (Forms 3, 5) show that the
consortium is definitely at the level of world leading research groups in this area.
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2.4. Research project implementation plan
No.
Substance of the proposed research
project

List of documents reflecting the
anticipated research project
results
2013
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Implementation
term
(start-completion)

Scientific activities
1.

Development of estimates of midlatitudinal Digital data sets of ocean energy
ocean evaporation for the period 1948fluxes, 2 papers submitted to the
onwards using in-situ data and reanalysis
journals
state variables (Task 1, WP1)

May 2013 – October
2013

2.

Building the data base of cyclone
trajectories from different reanalyses and
estimation of responses of the cyclone life
cycle to anomalous ocean precipitation
(Task 1, WP2)

Digital archive of cyclone
trajectories, 1 review paper and 1
research paper submitted to the
journals

May 2013 –
December 2013

3.

Development of long-term gridded
climatology of the precipitation
characteristics over the Northern
Extratropics, including statistics of heavy
precipitation, durations of wet periods and
accumulated precipitation (Tasks 1, 2,
WP3, KPKRS 1,3)

Ensemble of the high resolution
June 2013 –
parameter grids in netCDF format, November 2013
1 paper submitted to journal

4.

Analysis of the Eurasian hydrological cycle
in CMIP5 simulations for the present
climate, sensitivity experiments with
climate model in different resolutions
(Tasks 3, 4, WP 6)

Data base of the model
simulations of the hydrological
cycle, 1 paper submitted to
journal

5.

Optimal setting of the configuration of
Data base of sensitivity
August 2013 –
hydrological and land process models,
experiments, estimates of the
December 2013
sensitivity experiments for selected regions storage terms for selected regions
(Tasks 1,2, WP 4, KPKRS 6)

6.

Development of methodology for
estimation of small river continental
discharges, estimates of the continental
discharges for selected regions (Tasks 1, 2,
WP 5, KPKRS 6, 7)

Data base of satellite imagery for
1999-2010, time series of the
continental discharges, 1 paper
submitted to the journal

July 2013 –
December 2013

August 2013 –
December 2013

Infrastructural and management activities
7.

Project kick-off meeting, Moscow

Adjustment of the project Work
Plan, Working Group assignment

June 2013

8.

Training seminar for young scientists on
atmospheric moisture transports

Lectures by leading project
scientists for early career
scientists and students (both
included and outside the project
team)

September 2013

9.

Project annual seminar

Reporting for the Tasks and Work December 2013
Packages, further adjustment of
the Work Plan
2014
Scientific activities

1

Analysis of the responses of ocean
evaporation anomalies to the changes in the
ocean state and fresh water transports and
to the changing sea ice using data and
model experiments (Tasks 1, 3, WP 1, WP
6, RPKRS 5)

Time series of the regionally
January 2014 –
integrated evaporation, digital
October 2014
archive of the evaporation in icecovered regions, data base of the
experiments with GCMs, 2 papers
submitted to the journals
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2

Analysis of association of cyclone series
with “atmospheric rivers”, development of
estimates of atmospheric moisture
transports from the ocean to the continent
in reanalyses and CMIP5 model
experiments (Tasks 1, 2, 3, WP 2, WP 3,
WP6).

Digital grids of the moisture
transports in different resolution
for the Northern Extratropics in
reanalyses and model runs, 2
papers submitted to the journals

January 2014 –
August 2014

3

Closure of hydrological balances for
several large key regions of the Northern
Eurasia, uncertainty estimates (Task 2, 3,
4, WP 3, WP 4, WP 5, KPKRS 2, 4, 7)

Time series of all regional storage March 2014 –
terms with uncertainty estimates, December 2014
2 papers submitted to the journals

4

Analysis of the annual cycle of the
components of hydrological budgets for
selected key regions in the data and model
experiments, including those with regional
and high resolution models (Tasks 2, 3, 4,
WP 3, WP 4, WP 6, KPKRS 3)

Regional high resolution grids of
the seasonal mismatches of
hydrological cycle components,
calendars of the onsets for
different regions, 3 papers
submitted to the journals,
including one review article

5

Development of the projections of large
scale hydrological cycle for the Northern
Eurasia and North America for 2050 and
2100 using CMIP5 ensemble and
ECHAM5/6/OM experiments in different
resolutions (Tasks 3, 4, WP 6, KPKRS 1)

Data base of the model
April 2014 –
projections, software for
December 2014
regionalization of the projections,
1 paper, submitted to journal

6

Analysis of the groundwater discharges
and their sensitivity to the key hydrological
inputs in different regions (Task 1, 2,
WP4, WP 5, KPKRS4, 6, 7)

Time series of the estimates of
ground water submarine
discharges for selected regions, 2
papers submitted to the journals

May 2014 –
November 2014

7

Analysis of human interactions with the
hydrological cycle for several selected key
regions over Northern Eurasia, setting of
model experiments (Task 4, WP 4, WP 5,
WP 6, KPKRS 3)

Assessment of major factors,
protocol of the planned model
experiments, one technical paper
and one review article submitted
to journal

June 2014 –
December 2014

8

High resolution regional key studies of
hydrological balances in 2-3 key regions,
pre-selected by activities 3, 4 (Task 2, WP
3, WP 4, WP 5, KPKRS 3, 6, 7)

Results of numerical experiments June 2014 –
and of their validations, digital
December 2014
grids and statistics of the
mismatches, 2 papers submitted to
the journals

March 2014 –
September 2014

Infrastructural and management activities
9

Project training seminar on the global and
regional climate modelling

Lectures and training courses for March 2014
young scientists on the
implementation of climate models

10

Training seminar on cyclone life cycle
analysis

Training courses on cyclone
tracking methodologies and nonhydrostatic models

11

Project status seminar with external
evaluation (“half way behind”), one of the
IORAS branches

Assessment of the project results, September 2014
identification of gaps in the work
flow, adjustment of Work Plan
and Working Group structure

12

Young scientist school on hydrological
cycle (in conjunction with project status

Lectures by leading scientists on
key-aspects of the global
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May 2014

September 2014

seminar)

hydrological cycle with invited
external experts

13

Journal special issue (potentially “Global
and Planetary Change) editorial meeting

Discussion of the contents, time
schedule of the submissions

14

Project annual meeting

Evaluation of the Working Group December 2014
achievements, time schedule for
the last year

December 2014

2015
Scientific activities
1

Large-scale assessment of the midlatitudinal hydrological cycle from
observational data: major uncertainties in
means and climate variability patterns
(Tasks 1, 2, WP 1, WP2, WP 3, WP 4,
WP 5, KPKRS 1, 2, 5)

Technical paper (report) on the
uncertainties of the hydrological
cycle, 3 papers submitted to the
journals, including 1 paper for
Special issue

January 2015 – July
2015

2

Development of regional projections of the
hydrological cycle for the Northern
Extratropics using global and regional
climate models (Tasks 3, 4, WP 6)

Digital archive of the projected
January 2015 –
key-variables in different
October 2015
resolutions, data access software,
2 papers submitted to the journals,
including 1 Special Issue paper

3

Projections of the regional water
availability for future climate conditions in
the Northern Extratropics, accounting for
human interactions with continental
hydrology (Task 4, WP 4, WP 5, WP 6,
KPKRS 6)

Technical paper on water
availability in the future climate,
digital archive of the projections,
1 review paper for Special issue

February 2015 –
November 2015

4

Assorted case studies on the analysis of
strong local and regional anomalies of the
extratropical hydrological cycle (Tasks 2,
3, WP 2, WP3, WP 4, WP5, KPKRS 1, 2,
7)

Series of digital grids and atlases
of the specific hydrological
events, 2 papers submitted to
journal with 1 for special issue

April 2015 –
December 2015

5

Assessment of the projections of
hydrological cycle on continental – scale
and for selected regions, estimation of the
projection uncertainties and predictability
limits (Tasks 3, 4, WP 6, KPKRS 3)

Digital array of the uncertainties June 2015 –
of large-scale and regional
December 2015
projections, 2 papers submitted to
the journals, including one for
Special Issue.

6

Integrated assessment of the project results, Project review paper
drafting of the project review paper for
Special Issue (All Tasks, all WPs)

July 2015 – October
2015

Infrastructural and management activities
7

Project “meet end-user” Workshop

Meeting with potential end-users
from government and industry,
presentation of the project results

February 2015

8

International Conference on the Global
Hydrological Cycle

3-days talks and poster sessions
with large involvement of the
project scientists

May 2015

9

Training Workshop on hydrological
modelling

Training course on the use of state July-August 2015
of the art hydrological models
given by project leading
researchers and international
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experts
10

Project status seminar

Work Plan and deliverables
October 2015
inventory, Special issue assembly

11

Final Project meeting

Reporting on project
achievements

December 2015

2.5. Project effectiveness indicators
No.
1.

2.

3.

4.

5.

6.

7.

8.
9.

10.
11.

Effectiveness indicator

Target

Unit

Number of articles published in scientific periodicals
indexed in the Web of Science that were written by the
leading scientist in collaboration with or independently by Ones
the proposed new laboratory staff members on issues
related to the proposed research project area
Number of study courses designed and introduced in the
process of education within the proposed research project Ones
area
Number of doctorate dissertations defended by the proposed
new laboratory staff members within the proposed research Ones
project area
Number of candidate dissertations defended by the
proposed new laboratory staff members within the proposed Ones
research project area
Number of proposed new laboratory staff members working
towards their graduate degrees within the proposed research People
project area
Number of young scientists, specialists, and instructors
(candidates of sciences younger than 35 and doctors of
sciences younger than 40 years of age, specialists and
instructors without academic degrees younger than 30 years people
of ago) from external organizations who have undergone
retraining or qualifications improvement training at the
laboratory within the proposed research project area
Number of registered intellectual property objects or
applications for registration of intellectual property objects
Ones
within the proposed research project area authored by the
laboratory staff members
Number of grants received and managed by the laboratory
Ones
staff members during the project implementation period
Number of commercial contracts executed and
implemented by the laboratory staff members during the Ones
project implementation period
Other indicators independently identified by the host
institution of higher learning / research organization
Number of international conferences and workshops
attended by the laboratory staff members with presentation Ones
of the project results

64

2013

2014

2015

6

9

12

1

2

2

-

2

1

1

3

3

4

3

3

3

4

4

2

3

2

6

6

8

2

2

3

6

8

8

No.
12.

13.

Effectiveness indicator

Target

Unit

Incorporation of the laboratory staff members in
international advisory boards, steering committees and
working groups within the proposed research area
Number of training seminars and young scientist schools on
the proposed topic organized by the laboratory

2013

2014

2015

Ones

2

3

3

Ones

1

3

3

Section 3. Project funding
3.1. Grant budget
No.
1.

2.
3.
4.
5.
6.

7.

8.

9.
10.

Expenditure line-item
The costs of the fees for leading scientists
and members of the research team, including
taxes and other social payments accrued on
the fee of the leading scientist and members
of the research team
Research equipment acquisition costs
Research equipment parts and supplies
Travel expenses of the leading scientist and
research project staff members
Research project staff members’ training,
retraining, and qualifications improvement
costs
Participation of the leading scientists and
research project staff members in
conferences, symposia, and scientific
seminars within their respective research
project areas
Organization of conferences, symposia, and
scientific seminars conducted by the research
laboratory staff members within their
respective research project areas
Costs associated with publication of articles
written by the leading scientist and/or
research project staff members to reflect the
research project outcomes achieved at the
scientific research laboratory established at
the host institution of higher learning, in
leading international learned journals
Fees payable for work performed by thirdparty organizations
(not to exceed 5% of the total grant amount)
Current laboratory repair costs and other
costs directly related to the research project
activities (not to exceed 5% of the total grant
amount)
Total
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Total
(million
roubles)
52,8

2013
(million
roubles)
16,8

2014
(million
roubles)
18

2015
(million
roubles)
18

11,8
1,7
6,68

5
0,5
1,6

4
0,5
2,48

2,8
0,7
2,6

2,12

0,62

0,7

0,8

0,46

0,08

0,12

0,26

2,7

0,8

0,9

1

1,74

0,4

0,54

0,8

3,78

0,90

1,30

1,58

4,22

1,3

1,46

1,46

88

28

30

30

3.2. Explanation of planned expenditures
No.

3.2.1. Acquisition of research equipment costs
Name of equipment
Quantity

Price
(million roubles)

Total amount
(million
roubles)

1

1.26

1.26

2013
1.

Kipp & Zonen multihead radiation system
(double pyranometer CMP-11 and
pyrgeometer CGR-4 with the data logger –
LOGBOX SD.

2.

Additional nodes for the Cray CX1 cluster 2xCPU Xeon X5670 2.93GHz 12M 6.4
GT/sec LGA1366 12 X Memory 8GB
DDR3 1333MHz 1 x 500 GB SATA 7200
RPM 16 MB

8

0.43

3.44

Personal computers

6

0.05

0.3

3.

2014
1.

High-precision density meter Anton Paar
DMA 5000 with the adaptive data logger

1

0.86

0.86

2.

Expansion of the data storage RAID system
LSI 630J 13 x HDD (3Tb)

6

0.69

4.14

2

0.365

0.73

3

0.69

2.07

1.

2015
Sun Cluster GTL-R16 Workstation for the
development of user-oriented platforms as a
part of the project innovative activities

2.

Further expansion of the data storage RAID
system LSI 630J 13 x HDD (3Tb)
TOTAL:
Explanations:

11.8

2013 - Keep Kipp & Zonen radiation measurement system will be used for the development and
validation of the parameterizations of surface air-sea fluxes over oceans and seas for providing the most
accurate estimation of evaporation and also for the calibration of remotely sensed evaporation fluxes and
total water column water estimates.
2013 – Additional nodes for the existing Cray CX1 cluster will used to enhance the existing capacities to
improve the performance of the computational facilities in view of massive model experiments during
2014-2015.
2013 – Personal desktop platforms will be purchased for new laboratory staff members/
2014 - The laboratory density meter Anton Paar DMA 5000 is designed for high accuracy measurements
of density of liquids, including sea water. In the project, this instrument will be used for the precise
measurements in water samples collected during the case studies including field campaigns on the Black
Sea, Sea of Azov, Baltic Sea, Aral Sea and the Caspian Sea).
2014 - Expansion of the data storage RAID system is critical for a proper organization of the storage of
the project data bases which will be created by diagnostics and modelling during the project period. The
system will be ordered already in 2013 to have it available for the project in early 2014.
2015 – Two Workstations will be purchased for building the modelling and diagnostic systems along with
data archives and GIS systems. The Workstations will be used as prototypes of the computer systems for
hydrological cycle assessments and forecasting and as a deliverable to be presented to the end-users
(analogous to the “Wind Workstation” of OceanWeather Inc., USA).
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2015 – Further expansion of the data storage RAID system will be provided in the very beginning of the
third year of the project. This second installment will account for the performance of a similar installment
in 2014 with potential modification of the system composition.

No.

1.

2.
3.
4.

3.2.2. Compensation payable to the research project staff members
2013
2014
Expenditure line-item
(million
(million
roubles)
roubles)
The total amount of the fee for the leading
16,8
18
scientist and members of the research team,
including taxes and other social payments
accrued on the fee of the leading scientist and
members of the research team
Including the amount of remuneration
7,14
7,42
paid to young scientists, students,
graduate students
Total number of research project staff members
26
26
Including the total number of young
researchers, students, graduate students
The average remuneration of a member of the
scientific staff
Including the average remuneration of
young scientists, students, graduate
students

5.
6.

2015
(million
roubles)

18

7,42
26

14

14

14

0,65

0,69

0,69

0,51

0,51

0,53

3.2.3. Fees payable for the works/services of third-party organizations
Amount
No.

1.

1.

Name of works/services
2013
Installation of the additional nodes and
update of the operating software for
Cray CX1 cluster
2014
Installation of the additional disk storage
and associated software updates

2.

Contract with the publication of the
HCL booklet and intermediate report

3.

Contract with the local organizer for
organization of the “Half Way Behind”
project Workshop

1.
2.

3.

Organization name

2015
Installation of the additional disk storage
and associated software updates
Contract with the conference organizer
for organization of the International
Conference on Global Water Cycle
(extra to the HCL costs for organization
of the conference)
Contract for the development of the
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T-Systems Ltd. or Data
Digital Systems Ltd.

(million roubles)
0.9

T-Systems Ltd. or Data
Digital Systems Ltd.

0.6

Science World Ltd.

0.3

TBD

0.4

T-Systems Ltd. or Data
Digital Systems Ltd.

0.6

TBD

0.3

PROLOG – Multi Ltd.

0.68

architecture of the Workstations with
pre-installed expert systems
TOTAL:

3.78

3.3. Financial contribution of the host institution of higher learning / research organization
3.3.1. Anticipated nongovernmental funding sources
№
п/п
1.

2.
3.
4.

5.
6.

Nongovernmental funding
sources
Host organization’s revenues
generated by operations
accounted for by the host
organization’s charter
Funding provided by regional
and municipal governments
Loans
Financing provided by Russian
and foreign investors

Details

Amount
(million roubles)

Profit from leasing the facilities
by IORAS

2,4 (appr. 5% from the
total profit during 3 years)

Charter contract for the Research
Vessel “Academic Ioffe” №РМIO/IOF/1412

7,5 (less than 15% of
profit for the 3-yr period

Charter contract for the Research
Vessel «Academic Sergey
Vavilov» № РМ-IO/VAV/1412

7,9 (less than 15% of
profit for the 3-yr period)

Research contract with the French
Institution for the Exploration of
the Seas IFREMER №10/04
01.05.2012
Research contract with Taiwan
National University Cheng Kung

0,4 (less than 30% of the
contract sum for the
project period)

Contract with the National
University of Singapore
21.02.2011

1,3 (20% of the contract
sum for the project period)

Direct investment of HS&S

1,1 (Company profit and
project savings)

Voluntary contributions donated
by legal and physical entities
Funds obtained by the laboratory RFBR Grant-11-05-00253-а
staff members on a competitive
basis to support research
activities implemented within
RFBR Grant 12-05-00536
the research project area
RFBR Grant 11-05-90304
RFBR Grant 11-05-00555-а
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0,8 (less than 25% of the
contract sum for the
project period)

0,2 (less than 30% of the
contract sum for the
project period)
0,3 (less than 20% of the
contract sum for the
project period)
0,25 (less than 30% of the
contract sum for the
project period)
0,4 (less than 25% of the
contract sum for the
project period)

RFBR Grant 12-05-91056НЦНИ_а

0,3 (less than 20% of the
contract sum for the
project period)
2,8 (18% of the contract
sum for the project period)

Grant of the 7th Framework
Programme EU, project
CLIMSEAS
Contract with MON of RF,
12.03.2012 №11.519.11.6034
Contract with MON of RF,
21.10.2011, № 11.519.11.50122
Grant of the German Science
Foundation (DFG)
7.
8.

Other
Total

0,8 (less than 15% of the
contract sum for the
project period)
0,5 (less than 10% of the
contract sum for the
project period)
1,4 (13% of the contract
sum for the project period)

28,35

3.3.2. Host organization’s contribution budget
No.
1.

2.
3.
4.
5.
6.

7.

8.

9.

Expenditure line-item
The costs of the fees for leading scientists
and members of the research team,
including taxes and other social payments
accrued on the fee of the leading scientist
and members of the research team
Research equipment acquisition costs
Research equipment parts and supplies
Travel expenses of the leading scientist
and research project staff members
Research project staff members’ training,
retraining, and qualifications improvement
costs
Participation of the leading scientists and
research project staff members in
conferences, symposia, and scientific
seminars within their respective research
project areas
Organization of conferences, symposia,
and scientific seminars conducted by the
research laboratory staff members within
their respective research project areas
Costs associated with publication of
articles written by leading scientists and/or
research project staff members that reflect
the outcomes achieved in the course of
their respective research projects
implemented at the scientific research
laboratories established at their respective
host institutions of higher learning, in
leading international learned journals
Fees payable for work performed by thirdparty organizations

Total
(million
roubles)
14,8

2013
(million
roubles)
4,6

2014
(million
roubles)
5,1

2015
(million
roubles)
5,1

4,05
0,6
0,95

1,25
0,2
0,45

1,4
0,2
0,3

1,4
0,2
0,2

1,4

0,6

0,4

0,4

0,6

0,2

0,2

0,2

2,25

1,35

0,4

0,5
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10.

Current laboratory repair costs and other
costs directly related to the research project
activities
Total

1,7

0,7

0,5

0,5

26,35

9,35

8,5

8,5

Section 4. Laboratory’s status and image upon completion of the project
When the project is completed, the Hydrological Cycle Laboratory (HCL) will successfully continue
functioning as a sustained research unit undertaking top level research in global hydrology. It will become
an integral part of the IORAS structure and will serve as a focal point for research into the hydrological
cycle and its interactions with the global ocean. The HCL personnel will include both experienced and
young scientists who will help to further raise the IORAS profile in the international scientific
community. Importantly, by establishing and supporting this multidisciplinary laboratory, IORAS will
promote the creation of new research facilities in the IORAS branches at the Black, White, Baltic and
Caspian Seas.
After 3 years of functioning (2013-2015) HCL will have at its disposal the best available and permanently
updated data sets and models on all elements of the global hydrological cycle. These will include in-situ
and remotely sensed data, reanalyses and outputs of the climate model experiments, a model suite
including high performance process models, global and regional climate models as well as most advanced
statistical and dynamical diagnostics methodologies. After 2015, HCL will become a major home for a
multidisciplinary research profile in the area of hydrological cycle in Russia. The combined effort of
oceanographers, climatologists, and hydrometerologists will ensure that the challenges associated with the
global hydrological cycle will be adequately addressed for the benefit of the society.
In the future, HCL will continue the research of the extratropical hydrological cycle, expanding it to the
global scale with foci on the Arctic regions. We also anticipate the endorsement for regional studies on
the processes governing the hydrological cycle in the regions of the Russian Seas. Besides the
hydrological cycle, HCL will carry out research of climate variability in general, focusing on the
mechanisms driving the long-term processes, including predictability of climate changes. The structure of
the research groups may change after the completion of the project with some new groups to be formed.
In particular, we would welcome research groups dealing with water quality, forest ecology and water
management, if there are corresponding funded projects.
The future lab will consist of 8 to 10 permanent positions for working scientists led by a local chair and
up to 10-12 temporary positions for contractors working for the lab in specific projects for periods from 1
to 2-3 years. The lab will be co-funded by the P.P.Shirshov Institute of Oceanology, RAS (permanent
positions) and external grants (contract positions and the other expenditures for research). The lab staff
will actively participate in the fundraising. The primary sources of fundraising are seen as follows:
At the national level:
(i) Federal Programmes of the Ministry of Education and Science of the Russian Federation,
(ii) Ministry of Economical Development of the Russian Federation,
(iii) Russian Foundation for Basic Research,
(iv) Municipal agencies in different regions of the Russian Federation,
(v) Private industries
At the international level:
(i) Topical calls of the 7th Framework Programme of European Union,
(ii) Large European water management (HSR Ltd., WRSU Gmbh) and re-insurance
companies (Willis RE, Munich RE, Swiss RE)
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(iii) National Environmental Agencies of USA, UK, Spain, Singapore
(iv) National science foundations (US NSF, ANR, CNRS, DFG) under joint research
programmes with the Russian Federation
In this respect, over the last years potential HCL members have demonstrated some remarkable abilities
for external fundraising which amounts to ca. 50.000.000 Roubles in 2010-12 (see Form 5 for details).
IORAS will maintain and expand the HCL rooms/space and infrastructure by contributing up to 3 million
per year to the operational laboratory costs (after deduction of permanent personnel salaries).
Scientists working at HCL will be deeply involved in national and international research projects, mainly
those under the umbrella of the World Climate Research Programme (WCRP), the World Water
Programme (WWP) and the International Geosphere-Biosphere Programme (IGBP). On the national level
we anticipate to build close co-operations with Moscow and St. Petersburg State Universities, State
Hydrometerological University in St. Petersburg, the Main Geophysical Observatory, the Institute of
Water Problems RAS, State Hydrological Institution, and the Irkutsk State University. On the
international level HCL will develop close cooperations with the University of Wisconsin, Milwaukee,
the Scripps Institution of Oceanography (La Jolla, CA), NOAA agencies (NCDC, ERSL), NCAR
(Boulder, CO), METEO-France, UK Metoffice, Meteorological Institute of the University of Bonn,
GEOMAR, Helmholtz Centre for Ocean Research, Kiel, Germany, and several other agencies.
The research status of the laboratory, however, will not prevent the HCL scientists from teaching climate
science at Moscow State University by developing the existing and building new courses in the
University curriculum in oceanography and climatology. This will provide possibilities for attracting and
education gifted students early in their university career and inviting them to join HCL as PhD students.
From the start, the Laboratory will always encourage the involvement of young students in its projects,
both during the project period of 2013-15 and beyond.

Leading scientist _________________________

Pavel Yakovlevich Groisman

On behalf of P.P.Shirshov Institute of Oceanology,
RAS
Deputy director
________________________________________

Sokov Alexey Valentinivich

signature

job title and signature of the authorized official
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