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1. Overview and Objectives
This report is the fifth deliverable of WP5 in the BONUS SOILS2SEA project. The purpose
is to describe a web interface created to present and disseminate HYPE simulation results
for scenarios that were evaluated on the Baltic Sea regional level within SOILS2SEA. The
details of simulations, results, and model set up were presented in D 5.4 and D 5.1. The
reader is referred to those reports for detailed information. The focus here is only on describing the interface and the information presented within the HYPEweb.
Results from scenario simulations produced within the SOILS2SEA were incorporated into
the already established and operating HYPEweb website maintained by SMHI. The interface and visual aspects follow the same form as for the other established areas such as EHYPE. This provides a vehicle for dissemination of the research and a tool for exploring the
results at different scales.
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2. HYPEweb Interface
HYPEweb (http://hypeweb.smhi.se/) is an interface published and maintained by SMHI to
disseminate modelling results from its applications of HYPE models across the world
(Figure 1). HYPEweb is a simple mapping tool that displays HYPE model results for selected basin delineations. It can display actual simulated values or a percent change from a
reference run.
A new link “Baltic Scenarios” (http://hypeweb.smhi.se/soils2sea/) was added that links directly to a mapping interface (Figure 2). The default view includes a user dialogue window
and a graphic representation of basins discharging to Baltic Sea. The user can select various options for the three menus offered: aggregation level, variable, and a scenario displaying the mean of the projection ensemble. All model results are displayed as averages
of four climate model scenarios (D5.4).
The aggregation level offers two options: “outflow to Baltic Sea” and “local catchments.”
The first option, “outflow to Baltic Sea”, displays HYPE model results for all basins that discharge directly to Baltic Sea (about 510 basins). These basins include both larger rivers
that accumulate flows and nutrients across large distances over the land and smaller
streams and drainage areas adjacent to Baltic Sea. The second option displays HYPE
model results for all local catchments (about 7100 catchments).

Figure 1. The HYPEweb interface maintained by SMHI is updated with “Baltic Scenarios” link to
SOILS2SEA results.
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Figure 2. Opening page for “Baltic Scenarios” link on the HYPEweb

Figure 3. Dialog window that allows selection of selected outputs from Baltic HYPE model

The user can also select different variables to display at these aggregation levels. Generally speaking, the user can display information about water quantity, nitrogen, and phosphorus. Water quantity is presented as a runoff in mm per year. This allows the user to compare how much water is generated in various areas of Baltic Sea region. For example, Figure 4 shows local river runoff for local catchments within a selected area of the Baltic Sea
region. Catchments in southwestern Sweden (in red) generate higher runoff than catchments in northern Poland (in blue). Runoff allows for comparison of water generated over a
unit area. To compare the average discharge leaving the catchment, the user would select
“river discharge” in m3/s (Figure 5). River discharge shows accumulated flows for main
streams of the same catchments. Larger rivers would have larger values (in red). Discharge
is available only at the local catchment aggregation level.
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Figure 4. Local river runoff displayed for catchments within a selected area of the Baltic Sea region.

Figure 5. River discharge displayed for catchments within a selected area of the Baltic Sea region.
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Nitrogen and phosphorus can be displayed as concentrations in mg/l, loads in ton/year, or
loading rates in kg/ha-year. Loading rates are available only at the outflow to Baltic Sea
level. At the local catchment level, concentrations can be displayed both at the catchment
outlet and in local runoff, i.e., in local streams that originate in the catchment without any
upstream inflows. Table 1 shows a list of variables that can be displayed at each aggregation level.

Table 1. Overview of variables that can be displayed at the two aggregation levels.

Aggregation level
Variable

Unit

Outflow to Baltic Sea

Local catchments

mm/year

X

X

River discharge

m3/s

-

X

*Concentration in outflow

mg/l

X

X

*Concentration in local runoff

mg/l

-

X

ton/year

X

-

kg/ha-year

X

-

River runoff

*Load in outflow
*Loading rate in outflow

Note: * applicable to both nitrogen and phosphorus
Two scenarios, current baseline and SSP2 in 2050s (future baseline), are displayed in units
listed in Table 1. The remaining scenarios are displayed as a relative change from respective baselines in percent to illustrate the impact of selected scenarios. The colour scheme
for the relative change shows red where there is an increase and blue where there is a
decrease in values comparing to the baseline.
The information button (a blue circle with a letter I inside) at the top right corner of the user
dialogue window displays a description of the scenarios, measures, details about the climate models and HYPE model used in the study, as well as acknowledging the funding
sources. The text of the information is included in Appendix A (p. 12).
Appendix B (p. 14) includes a brief description of uncertainty due to the differences in the 4
climate models. The uncertainty is illustrated as a range of impacts on discharge and nutrient loads to Baltic Sea. This information appears after clicking “Confidence and uncertainty”
link on the user dialogue window.
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3. Data Content
The data included in HYPEweb “Baltic Scenarios” were generated with E-HYPE v.3.1.4.
The data is thus limited to the outputs that HYPE can produce, such as runoff and nutrient
concentrations and loads in rivers and streams.
The list of scenarios included in HYPEweb “Baltic Scenarios” is presented in Table 2. The
possible changes modelled with E-HYPE that can occur by 2050s were driven by two aspects: changes in the climate forcing data using RCP8.5 and changes in socioeconomic
variables using SSP1, SSP2, and SSP5. The impacts were evaluated against a baseline
that represents sources and processes of the 2010s.
Climate impacts are evaluated using a mini-ensemble of 4 climate models using RCP8.5.
The following models were selected: CCLM-MPI-ESM-LR, WRF-JPSL-CM5A-MR, RCA4CNRM-CM5, RCA4-CanESM2. The natural variability was simulated using climate data
from 1981 to 2010 for the current time period and from 2036 to 2065 for the 2050s time
period. All values are presented as longterm averages over the respective 30-year period
for the four climate models.
Table 2. Overview of scenarios included in the HYPEweb

Name
Current baseline
Impact of spatially differentiated measures
targeting reduction of N in groundwater
under current conditions
Impact of stream remediation measures
targeting reduction of N in surface water
under current conditions
Combined impact of measures targeting
both surface and groundwater reduction of
N under current condition
Impact of climate only
Combined impact of climate and SSP1
Combined impact of climate and SSP2
Combined impact of climate and SSP5
SSP2 in 2050s (future baseline)
Impact of spatially differentiated measures
targeting reduction of N in groundwater
under current conditions
Impact of stream remediation measures
targeting reduction of N in surface water
under current conditions
Combined impact of measures targeting
both surface and groundwater reduction of
N under current condition

Type
Baseline
Impact (current)

Period
Current
Current

Sources
Current
Current

Impact (current)

Current

Current

Impact (current)

Current

Current

Impact (current)
Impact (current)
Impact (current)
Impact (current)
Baseline
Impact (future)

2050s
2050s
2050s
2050s
2050s
2050s

Current
SSP1
SSP2
SSP5
SSP2
SSP2

Impact (future)

2050s

SSP2

Impact (future)

2050s

SSP2
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SSP1 (sustainability) describes a world making relatively good progress towards sustainability, with sustained efforts to achieve development goals, while reducing resource intensity and fossil fuel dependency. For the Baltic Region it is assumed that there is a 10%
reduction in agricultural land use and most of this is converted to forest. In agriculture,
management plans to achieve goals of the EU Water Framework Directive (WFD) and all
other plans are fully implemented. Consumption trends change towards less demand for
meat. For sewage more sophisticated and comprehensive treatment are implemented. Air
pollution is reduced through cleaner energy production and use of electric vehicles.
SSP2 (middle of the road) describes a world, where trends typical of recent decades continue with some progress towards achieving development goals, reductions in resource and
energy intensity at historic rates, and slowly decreasing fossil fuel dependency. For the
Baltic Region there is no change in agricultural land use. Trends in agriculture are towards
larger farms, intensive farming, and industrialized and more effective agriculture. Management plans for reducing nutrient loadings from agriculture (WFD) are only partly implemented. For sewage, technology development and increased urbanization means reduced
nutrient loadings from sewage. For air pollution NOx-emissions decrease. Hybrid and electric cars will be more common and therefore urban emissions will decrease.
SSP5 (fossil-fuelled development) is a world that stresses conventional development oriented toward economic growth as the solution to social and economic problems through
the pursuit of enlightened self-interest. The preference for rapid conventional development
leads to a high energy demand, most of which is met with carbon based fuels. For the Baltic Region it is assumed that there is a 10% increase in agricultural land use and most of
this taken from forest. The increasing agricultural land use is associated with higher livestock production within a global market. There will be fewer regulations of agricultural nutrient loadings, but improvements in production technologies. For sewage, there will be a
higher amount of waste water because of the increased urbanization. Technologies to improve sewage treatments will increase in efficiency. For air pollution, technologies to reduce NOx pollution will continue but with a reduced rate compared to SSP1 and SSP2.
The measures evaluated in this study utilize variability in reduction of nitrogen on a local
scale. The BONUS Soils2Sea project conducted research on spatially differentiated regulation, exploiting the fact that the removal and retention of nutrients by biogeochemical processes or sedimentation in groundwater and surface water systems shows large spatial
variations. To evaluate effectiveness of measures in future, SSP2 with 2050s climate was
selected as a second, “future” baseline.
Measures targeting reduction of nitrogen (N) in groundwater aim to relocate the existing
agricultural practice according to the N-reduction capacity, so that crops or practices with
high N-leaching are moved to areas with high N-reduction and vice versa. Measures targeting reduction of nitrogen (N) in surface water are set of measures that either increase the
average transport time and thus increase the deposition of nutrients during the transport, or
increase the transformation of nitrate into nitrogen gas and thereby completely remove it
from the system before it reaches the mouth of the stream.
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Appendix A: Information content included on the
“Baltic Scenarios” HYPEweb
Information
Baltic HYPE is a part of E-HYPE (v.3.1.4), a pan-European HYPE model developed by
SMHI.
The possible changes modelled with E-HYPE that can occur by 2050s were driven by two
aspects: changes in the climate forcing data using RCP8.5 and changes in socioeconomic
variables using SSP1, SSP2, and SSP5.
The measures evaluated in this study utilize variability in reduction of nitrogen on a local
scale. The BONUS Soils2Sea project conducted research on spatially differentiated regulation, exploiting the fact that the removal and retention of nutrients by biogeochemical processes or sedimentation in groundwater and surface water systems shows large spatial
variations.
The impacts were evaluated against a baseline that represents sources and processes of
the 2010s. To evaluate effectiveness of measures in future, SSP2 with 2050s climate was
selected as a second, “future” baseline.
Climate impacts are evaluated using a mini-ensemble of 4 climate models using RCP8.5.
The following models were selected: CCLM-MPI-ESM-LR, WRF-JPSL-CM5A-MR, RCA4CNRM-CM5, RCA4-CanESM2. The natural variability was simulated using climate data
from 1981 to 2010 for the current time period and from 2036 to 2065 for the 2050s time
period. All values are presented as longterm averages over the respective 30-year period.
SSP1 (sustainability) describes a world making relatively good progress towards sustainability, with sustained efforts to achieve development goals, while reducing resource intensity and fossil fuel dependency. For the Baltic Region it is assumed that there is a 10%
reduction in agricultural land use and most of this is converted to forest. In agriculture,
management plans to achieve goals of the EU Water Framework Directive (WFD) and all
other plans are fully implemented. Consumption trends change towards less demand for
meat. For sewage more sophisticated and comprehensive treatment are implemented. Air
pollution is reduced through cleaner energy production and use of electric vehicles.
SSP2 (middle of the road) describes a world, where trends typical of recent decades continue with some progress towards achieving development goals, reductions in resource and
energy intensity at historic rates, and slowly decreasing fossil fuel dependency. For the
Baltic Region there is no change in agricultural land use. Trends in agriculture are towards
larger farms, intensive farming, and industrialized and more effective agriculture. Management plans for reducing nutrient loadings from agriculture (WFD) are only partly implemented. For sewage, technology development and increased urbanization means reduced
nutrient loadings from sewage. For air pollution NOx-emissions decrease. Hybrid and electric cars will be more common and therefore urban emissions will decrease.
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SSP5 (fossil-fueled development) is a world that stresses conventional development oriented toward economic growth as the solution to social and economic problems through
the pursuit of enlightened self-interest. The preference for rapid conventional development
leads to a high energy demand, most of which is met with carbon based fuels. For the Baltic Region it is assumed that there is a 10% increase in agricultural land use and most of
this taken from forest. The increasing agricultural land use is associated with higher livestock production within a global market. There will be fewer regulations of agricultural nutrient loadings, but improvements in production technologies. For sewage, there will be a
higher amount of waste water because of the increased urbanization. Technologies to improve sewage treatments will increase in efficiency. For air pollution, technologies to reduce NOx pollution will continue but with a reduced rate compared to SSP1 and SSP2.
Measures targeting reduction of nitrogen (N) in groundwater aim to relocate the existing
agricultural practice according to the N-reduction capacity, so that crops or practices with
high N-leaching are moved to areas with high N-reduction and vice versa.
Measures targeting reduction of nitrogen (N) in surface water are set of measures that either increase the average transport time and thus increase the deposition of nutrients during the transport, or increase the transformation of nitrate into nitrogen gas and thereby
completely remove it from the system before it reaches the mouth of the stream.
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Appendix B: Ensemble range uncertainty

Ensemble range: confidence and uncertainty
Climate impacts are evaluated using a mini-ensemble of 4 climate models using RCP8.5.
The following models were selected: CCLM-MPI-ESM-LR (CM1 in figure and table below),
WRF-JPSL-CM5A-MR (CM2), RCA4-CNRM-CM5 (CM3), RCA4-CanESM2 (CM4). The
natural variability was simulated using climate data from 1981 to 2010 for the current time
period and from 2036 to 2065 for the 2050s time period.
All values in the maps are presented as longterm averages over the respective 30-year
period. It is important to interpret the results presented in the map as averages and to keep
in mind that there are variabilities from year to year as well as uncertainty in the actual average estimates originating from e.g. climate data, model assumption and set up, quality of
input data, or resolution and scale of various components of the model.
Different climate models can result in different estimates for 2050s. The figure below shows
how total freshwater flow and nutrient loads discharged into Baltic Sea from the whole Baltic Sea region change depending on which climate model is used. For example, CCLMMPI-ESM-LR (CM1) results in the lowest predicted changes for 2050s but it still shows a
significant increase in flows and nutrient loads. While the range of values varies, all 4 climate models predict an increase in total riverine flows and loads to Baltic.
Range from 4 climate models

Average of 4 climate models

CM1

CM2

CM3

CM4

Relative change (%) compared to the current average

30

25
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10

5
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Current climate

2050s climate

Riverine flow

Current climate

2050s climate

Phosphorus load

Current climate

2050s climate

Nitrogen load
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Table: Relative change (%) compared to the average of 4 climate models in current climate
for each variable
Variable
Climate
CM1
CM2
CM3
CM4
Average
Riverine flow
Current
1.2%
2.3% -1.9% -1.7%
0%
2050s
3.8% 19.5% 25.1% 14.4%
15.7%
Phosphorus load
Current
0.0%
2.0% -2.3%
0.3%
0%
2050s
5.8% 20.0% 16.8% 11.8%
13.6%
Nitrogen load
Current
2.0% -0.7% -2.7%
1.4%
0%
2050s
4.3%
7.8%
9.6%
8.9%
7.7%
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