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0. Summary (Chubarenko B.V., Donnely C.) 

The Pregolya River catchment is a transboundary catchment, flowing through the territory of the 

Kaliningrad Oblast (Russia) and its main tributaries (the Angrapa and Lava) originate in the Warminsko-

Mazurskie and Podlaskie Voivodships of Poland (Figure 0.1). The river is bifurcated in two branches in 

the city of Gvardeysk. These are the Downstream Pregolya flowing into the Vistula Lagoon1 and Deyma 

Branch flowing into Curonian Lagoon. This means that the nutrient emissions from the Pregolya River 

catchment are directed into the Baltic Sea via two recipient water bodies, the Vistula and Curonian 

lagoons, and nutrient fluxes from the Pregolya River determine the eutrophication level of these lagoons. 

The catchment area is occupied by Russia and Poland in approximately equal proportions – 49% 

and 51% respectively. In addition, a small part of the Pregolya River catchment (about 0.5%) is in the 

territory of Lithuania. The transboundary aspect causes diverse social and economic conditions within the 

basin, because the countries sharing the catchment have different management and decision-making 

systems. To obtain reliable results, a homogenous methodological approach to evaluate the anthropogenic 

loads from different countries and their transformations and transport within the catchment was applied. 

 

Figure. 0.1. The study area - transboundary catchment of the Pregolya River. 

 

                                                            
1 The Pregolya River is the largest river that flows into the Vistula Lagoon of the Baltic Sea. Its basin 

comprises 65% of the Lagoon’s catchment area and its runoff is 44% of the total runoff to the lagoon.  
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This report presents a scenario analysis for how are nutrient emissions from the Pregolya River 

changed with changing climate and socio-economic conditions. The land use state in the Pregolya River 

basin and climate changes within the area, as well as supplementary monitoring activities are presented.  

With the aim to asses nutrient emissions from the Pregolya River under current and future climate and 

current and future socio-economic conditions, a local setup of the E-HYPE hydrological module 

(Hundecha et al. 2016) was modified for the Pregolya River Basin. As a complement, the FyrisNP 

nutrient emission-retention model was also setup for the region. The current emission-retention capacity 

of the Pregolya River basin as well as the response of the emission-retention on climate changes (four 

scenarios for the 2041-2060 in the South-Eastern Baltic Region) and four socio-economic scenarios (up to 

2020) were assessed (Figure 0.2).  

0.1 Methods 

Due to the inavailability of long-term water quality monitoring in the catchment, Supplementary 

screening monitoring of nutrient concentrations for the Pregolya River catchment was made. The 

monitoring program covered all major streams of the Pregolya River basin within the Kaliningrad Oblast 

and included 12 monitoring points. Sample collection was carried out seasonally in 2014 – 2016. The 

measured parameters were: total nitrogen, nitrate nitrogen, nitrite nitrogen, ammonia nitrogen, total 

phosphorus, phosphate phosphorus. 

The Pregolya basin was extracted from the E-HYPE v3.1 hydrological model (Hundecha et al. 2016) 

and modified using local data and local calibration for the Pregolya River. We refer to this model hereon 

as Pregolya-HYPE. The HYPE model code (ver. 4.11.0, HYdrological Predictions for the Environment, 

Lindström et al. 2010) of the Swedish Hydrometeorological Institute was used as a primary runoff 

hydrological model. It is a significant achievement that the prepared model setup provides for calculating 

of the runoff and emission of nutrients from every single individual catchment, including the ones outside 

of the state monitoring, as well as obtaining these characteristics precisely for the natural outlet sections, 

in contrast to the monitoring points often located within an individual catchment.  

The watershed of the Pregolya River was divided into 42 interconnected sub-basins in the Pregolya-

HYPE set-up, the allocation of which was carried out taking into account major tributaries, gauging 

stations, as well as the existing state border between the segments of catchment areas in Poland and 

Russia. Discharge at the outlet sections at the confluence points into the Vistula and Curonian Lagoons 

was assessed using 3 model installations that include the catchment area of the Pregolya River before the 

division into the arms, the catchment area of the Downstream Pregolya, which flows to the Vistula 

Lagoon, the catchment area of the Deyma River, which flows to the Curonian Lagoon. The model set-up 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

9 

 

to calculate runoff and emission of nutrients from all over the Pregolya catchment was obtained for the 

first time. 

It was calibrated based on incoming data of 1979-2009.A set of calibration parameters were assigned 

using the data at the control cross-section of the Pregolya River (measurement point in Gvardeysk). The 

correlation staticstics between measured and simulated discharges at this cross-section were as following: 

the correlation coefficient (R), the Nash-Satcliff efficiency (NSE) and relative error (RE) stated as R = 

0.89, NSE = 0.62, RE = 0.056. Long-term average measured discharge was 90 m3/s, the simulated one 

was 89 m3/s.  

Validation of the Pregolya=HYPE model was made by measured discharge data for outlet sections 

of main tributaries of the Pregolya River – Angrapa, Pissa, Lyna-Lava and Instruch rivers. For the basin of 

the Angrapa River, R = 0.86, NSE = 0.59, RE = -0.057, for the sub-basin of the Pissa River, R = 0.91, 

NSE = 0.63, RE = -0.086, for the sub-basin of the Lyna-Lava River, R = 0.87, NSE = 0.51, RE = -0.116. A 

low coefficient is noted for the Instruch River (R = 0.76, NSE = 0.68, RE = -0.16), due to theinfluence of 

local factors. However, in general for all the sub-basins, the difference between mean annual measured 

discharge and calculation results does not exceed 10%. 

While the HYPE model also simulates the full cycle of nutrients from source to sea, the FyrisNP 

model was used instead to analyse the sources and changes to nutrients. This model had been setup and 

calibrated in previous studies (Chubarenko et al., 2012) The entire nutrient load inherent in the model 

setup was divided into three main types: point sources, discharging the contaminated wastewater into 

waterways; rural point sources [Rural point sources] (livestock at individual farms) discharging their 

wastewater onto the soil surface; and diffuse sources of the nutrients input through the use of mineral and 

organic fertilizers ont agricultural fields. 

The input data needed to drive the HYPE and FyrisNP models are: data on the land use distribution, 

soil types in the basin, daily time-series of precipitation and temperature. Calibration of the model 

requires time series of the water discharge at certain control cross-sections. Model input data and data for 

model validation were derived from public statistical sources, as well as published literary sources. 

Furthermore, data of the land types for model assessment of the diffuse load were obtained from public 

cartographic documents. The catchment basin of the Pregolya River is located in an agriculturally 

developed region, especially on the Polish part of the territory. The main sources of nutrient inputs are 

people, livestock and crops. To calculate the nutrient load from the population in the Polish and Russian 

parts of the catchment area, a complete list of geo-referenced urban and rural areas was compiled. The 

load of nitrogen and phosphorus from the population was calculated on the basis of the data of population 

size, emission per one person and technical parameters of water treatment facilities. It has been revealed 
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that 90% of urban population and 30% of rural population in the Russian part of the catchment area of the 

Pregolya River are connected to the central sewage system; the corresponding figures for the Polish part 

amount to 97% and 43%. Nutrient nitrogen and phosphorus load from the livestock farming was 

calculated based on livestock and poultry number data in the farms, the amount of manure produced per 

animal, nitrogen losses from manure storage. Input of nitrogen and phosphorus was calculated for all the 

livestock and poultry number, including the ones on pasture breeding. At the same time, the duration of 

the grazing and stabling periods were taken into account. The data collected for the Russian part of the 

catchment area is geo-referenced; the one for the Polish part is summarized at the voivodship level (due to 

the inability to obtain accurate statistics on farms and small towns). It was revealed that the cattle number 

in the Polish part is 3 times bigger, and the number of pigs is 1.3 times bigger than in the Russian part of 

the catchment area. 

Verification of the FyrisNP model setup was made by comparing simulated and observed 

concentrations of forms of nutrients at the outlet sections of some sub-catchments during screening 

monitoring (2013-2015). After making the calculations, the model output provided data of the 

concentration (total and mineral forms of nitrogen and phosphorus) for each sub-basin (including those 

not covered by the monitoring network) and a source apportionment for nutrient input. The discrepancy 

between the actual and model values was 6-14% for total nitrogen, 6-7% for total phosphorus. 
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Figure 0.2. Soils2Sea scenario analysis for the Pregolya River catchment. 

The hydrological and ecological models were then used to simulate future climate and scenarios 

of socil-economic development in the basin. All the existing local plans of socio-economic development 

declare the high growth of agriculture for the Russian part of the catchment and rather small grouth for 

the Polish part. Developement plans for the Russian part don’t include any concrete measures for 

reducing the nutrient load. Therefore the modeling study focused on the analysis of the projected 

increases of nutrient load due to current practices and official plans of economic growth. It gave a 

quantitative estimation of possible increases in the nutrient load as a result of this agriculture development 

if no nturient reduction measures are implemented. Based on this information one can quantitatively 

formulate the environmental targets to follow in the future to combine both the agricultural economic 

growth and reduce the nutrient load from the Pregolya catchment.  

A general outline of the scenario modeling is schematically presented in Figure 0.3.  

The basic model run series (“0”) was made for the baseline climate (1991-2010) and baseline 

socioeconomic conditions (2014). 
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The model runs “1” will cover the future climate (2041-2060) according to four climate 

projections (CM5A-MR_WRF, CanESM2_RCA4, MPI-ESM-LR_CCLM, CNRM-CM5_RCA4) and 

present socioeconomic conditions (2014).  

Each socio-economic scenario (BAU, DF, GoAP) includes changes in basic socio-economic 

drivers – land use structure, agriculture practice and intensity, and point sources. It is expected that model 

runs will be carried out for all these scenarios separately; and inter-comparison of them will provide a 

basis for recommendations: 

- Model run ‘2’ will test changes according to keeping present trends in socio-economic drivers 

(scenario BAU); 

- Model run ‘3’ will test changes according to documented plans for socio-economic drivers 

(scenario DF); 

- Model run ‘4’ will test changes according to implementation of some elements of good 

agricultural practice (scenario GoAP). 

All scenarios for possible socio-economic development (BAU, DF, GoAP) will be analyzed for 

the current climate conditions as all of them are referred to be implemented up to 2020, not for the period 

of 2041-2060. 

 

Figure 0.3. Principle scheme of model runs of climate projections and socio-economic scenarios 

for the Pregolya River catchment. 

The details of socio-economic scenarios are the following. 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

13 

 

The baseline period (present situation, reference conditions) is characterised by the information 

for the time slice: population of the Russian part of the catchment (Kaliningrad Oblast) - 2014, population 

of the Polish part (2011-2014), land use and agriculture of both parts – 2014. 

Scenario BAU (Business as usual) up to 2020 assumes preservation of the observed 5-years 

trends (2010-2014) in the development of agriculture and population, assuming that spatial distribution of 

nutrient sources remains unchanged. 

Scenario DF (Documented future) up to 2020 is based on the analysis of official plans of the 

socio-economic development issued by regional authorities of Polish and Russian parts of the catchment. 

Scenario GoAP (good agricultural practice) up to 2020 formulates changes only for the Russian 

part of the catchment assuming that all of them are already implemented in the Polish part of the 

catchment. The main idea of good practice is to use all of the manure that comes from the stabling 

farming as organic fertilizers according to the rates permitted in the HELCOM recommendations.  

GoAP scenario was combined with two others – with BAU and DF. 

Two main groups of point sources of nutrients were considered: population (urban and rural) and 

livestock and poultry farming (cattle, pigs, sheep and goats, poultry). The amount of nitrogen and 

phosphorus emission from the population has been calculated on the basis of the population size, 

standards of emission per person and wastewater treatment techniques. The annual load of nitrogen and 

phosphorus was determined in the calculations of nutrients input from the livestock according to the daily 

manure production per animal, mass loss during storage, content of nutrients in manure, loss of nitrogen 

during storage, number of livestock and poultry at the farms, enterprises and households. 

Diffuse sources were attributed to agriculture and use of fertilizers. Quantitative parameters to 

describe the ways of manure use depending on the type of farming in the Kaliningrad Oblast (KO) and 

Warmian-Masurian Voivodeship (WMV) were estimated. Emission of nitrogen and phosphorus from 

different types of farming (cattle, pigs, sheep, goats and poultry) due to different scenarios was calculated. 

Nutrient load from the livestock and poultry in the Pregolya River catchment due to the different 

scenarios was calculated. All this estimated parameters were use in modeling sessions. 

0.2 Results 

Screening monitoring of 2014-2016 showe that concentrations of total nitrogen and total phosphorus 

varied within 0.37-12.91 mg/l and 0.02-0.49 mg/l respectively. High concentrations of nutrients were 

observed in the majority of studied streams of the Pregolya River basin during the spring flooding. The 
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dynamics of nutrients concentration in the river system largely depend on the hydrometeorological 

factors. Quantitative assessment of the nutrient load (total nitrogen and total phosphorus) from the 

Pregolya River basin in 2015 was carried out based on the observed nutrient concentrations and  

simulated  runoff.  The calculation showed that the total load of nutrients from the catchment area of the 

Pregolya River (just before of Gvardeysk, the point of bifurcation of the Pregolya River into two streams) 

in 2015 amounted to 2334 tons of total nitrogen and 280 tons of total phosphorus. There is a tendency for 

the cumulative increase of the fluxes of total nitrogen and total phosphorus towards downstream of the 

Pregolya River. 

Response of discharge to climate changes  

An assessment of the discharge response of the Pregolya River to possible climatic changes in the 

21st century basing on climate projections for the period of 1991-2100 for the scenario of greenhouse gas 

emission RCP8.5 was made. Projections of precipitation and temperature for the 21st century were 

obtained from a subset of models used within the framework of EUROCORDEX initiative. The choice of 

the subset of models was made to maximize the spread of possible mean temperature and precipitation 

changes over the southern Baltic Sea basin (Olesen et al., 2016). 

Based on the calibrated Pregolya-HYPE model (1991-2010) for the catchment and using climate 

projections for the period of 2041-2060, calculations of a possible response of hydrological characteristics 

to the future climate changes have been made. The climate projection data was bias-corrected to the 

WFDEI reference data using the DBS method (Yang et al. 2010).  

The responses to changes in the atmospheric impact have been analyzed according to 4 (four) 

climate projections: CanESM2_RCA4, CM5A-MR_WRF, CNRM-CM5_RCA4, MPI-ESM-LR_CCLM 

(from of EUROCORDEX initiative (http://www.euro-cordex.net/). Increases in temperature over the 

catchment area of the Pregolya range from 1.2 °C (CM5A-MR_WRF) to 2.1 °C (CanESM2_RCA4), 

while precipitation increases range from  20 mm/year (MPI-ESM-LR_CCLM) to 200 mm/year (CNRM-

CM5_RCA4) which corresponds to increases of 10-25%  relative to the reference period. 

The uncertainty of changes in meteorological and hydrological characteristics for climate period 

2041-2060 in comparison to baseline period 1991-2010 is described by the range obtained by above 

mentioned projections made for 2041-2060: 

- the precipitation will increase, and the range of changes will be from +59 mm (+7%) to +216 

mm (+27%); 

- the mean annual air temperature will increase by 1.3 – 2°C; 
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- the projection for the mean annual discharge is not unambiguous, it may decreases by 7 m3/s (-

8%) or increases by 26 m3/s (+31%); 

- therefore, the mean annual specific run-off is not unambiguous, it may decrease by 23 mm (-

10%) or increases by 62 mm (+28%); 

Consequently, two (out of the four) climate projections (CM5A-MR_WRF, CNRM-CM5_RCA4) 

project increases to discharge while the other two (CanESM2_RCA4, MPI-ESM-LR_CCLM), project 

decreases. This suggests that the conditions in the Pregolya River basin are very sensitive to changes in 

evapotranspiration which is a result of the coupling of temperature and precipitation and thus is sensitive 

to climate model (CM) uncertainty. However simulation of evapotranspiration is a large uncertainty in 

hydrological models (HM) so HM uncertainty also should be taken into account when interpreting these 

results. 

As we can see the increase in precipitation does not always lead to an increase in the river runoff 

from the catchment area. This nonlinearity is associated primarily with an increase in temperature, which 

leads to increased evapotranspiration from the catchment area.  

Table 0.1. Main hydrological and meteorological characteristics (Value) of the catchment area of 

the Pregolya River for climate projections (2041-2060) and their relative changes (∆) in percentage with 

signs (+)/(-), which denote an increase or decrease of the average value of a parameter relative to the 

baseline period 1991-2010. 

Parameters 
Baseline, 

1991-2010 

Climate projection, 2041-2061  

Min Max 

Value ∆ % Value ∆ % 

Precipitation, mm 795 854 +59 +7 1011 +216 +27 

Temperature, °C 7.8 9.1 +1.3 – 9.8 +2 – 

Discharge, m3/s 83.8 77.1 -6.7 -8 110.1 +26.3 +31 

Runoff, mm 220 197 -23 -10 282 +62 +28 
 

Response of nutrient emission to climate changes 

With the help of HYPE, water flow rate for the outlet sections and a runoff layer for separate sub-

basins were calculated both for the baseline (1991-2010) and forecast climatic periods (2041-2060). 

FyrisNP model calculation of the nutrient emission from the catchment of the Pregolya River was made 

using the nutrient load corresponding to the conditions of the year 2014. The highest values of total 

nitrogen (TN) runoff from the catchment area were 1.4 tons/year km2, total phosphorus (TP) - 0.3 

tons/year km2. Model showed that maximum retention of the nutrient runoff of TN and TP in the 
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catchment basin of the Pregolya River was in the lake system: the district of Lake Vistytis and the district 

of Mamry Lake. The both nutrient retention was more than 75% in these places.  

Source apportionment for nutrient load revealed that the main sources of nitrogen and phosphorus 

input in the individual catchment of the Pregolya River upstream the separation of the Deyma River are 

arable lands (58 and 67%), livestock wastes (21 and 13%) and municipal wastewater (12 and 15%); for 

the individual catchment of the Downstream Pregolya: livestock wastes (29 and 31%), municipal 

wastewater (18 and 28%) and arable lands (27 and 21%); for the individual catchment of the Deyma: 

municipal wastewater (44 and 64%), arable lands (14 and 10%) and livestock wastes (12 and 10%). The 

nutrient load from the entire catchment basin of the Pregolya River calculated as an average for the 

baseline climate period (1991-2010), amounted to 5.3 thousand tons/year for total nitrogen and 657 

tons/year for total phosphorus (assuming the nutrient inputs of 2014). 

An uncertaincy characteristics of the nutrient emission from the Pregolya River catchment for 

climate period 2041-2060 are presented in the Table 0.2. 

 

Table 0.2. Mean annual nutrient emission from the Pregolya River catchment (Value) for climate 

projections (2041-2060), and their relative changes (∆) in percentage with signs (+)/(-), which denote an 

increase or decrease of the average value of a parameter relative to the baseline period 1991-2010. 

Parameter 

Baseline period,  
1991-2010 

Climate projection, 2041-2061 

Min Max 

Value Value ∆ % Value ∆ % 

Ntot, ton/year 5268 4762 -506 -10 6708 1440 27 

Ptot, ton/year 657 594 -63 -10 848 191 29 

 

 

The uncertainty of changes in nutrient emission values for climate period 2041-2060 in comparison 

to baseline period 1991-2010 is described by the range obtained by CanESM2_RCA4, CM5A-MR_WRF, 

CNRM-CM5_RCA4, MPI-ESM-LR_CCLM projections made for 2041-2060 (Table 10.21): 

- the projection for the mean annual nitrogen emission is not unambiguous, it may decreases by 

510 ton/year (-10%) or increases by 1440 ton/year (+27%); two models give the decrease and 

two model give the increase;  
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- the projection for the mean annual phosphorus emission is not unambiguous, it may decreases 

by 65 ton/year (-10%) or increases by 190 ton/year (+29%); two models give the decrease 

and two model give the increase. 

 

Response of nutrient emission to socio-economic csenarios 

The nutrient emissions from the basin of the Pregolya River were also assessed for a number of 

socio-economic development scenariso defined by the regional government.  

Assuming "Business as usual (BAU)" under the reference climate conditions (1991-2010) in 

percentage terms, the change in the nutrient emission from sub-catchments in different parts of the basin 

ranges from -0.7 to 27% for nitrogen, and from -1.4 to 30% for phosphorus. The negative and low (less 

than 2% for nitrogen and 1% for phosphorus) values were obtained for the catchment sub-basins located 

in the Warmian-Masurian Voivodship (WMV) in Poland, where the trend in loading was nearly zero. On 

the territory of the Kaliningrad Oblast (KO), the change in the nutrient emission is significantly higher (1-

26% for nitrogen and 1-30% for phosphorus). This is due to the terms of the socio-economic BAU 

scenario, according to which the population size is reduced on the territory of WMV with an existing 

stable agricultural sector; whereas there is an increase in agricultural indicators (livestock number, used 

area of arable lands) in the KO, alongside with population growth.  The change in the total retention (in 

the ground and surface waters, as usumed in FyrisNP) per sub-catchment of total nitrogen and total 

phosphorus ranges from -1 to 30% and -1 to 10% respectively. Regarding source apportionment it were 

no changes in the shares in the input of total nitrogen and total phosphorus in the BAU scenario.  The 

larger shares belong to arable lands (in the catchment basin of the Pregolya River upstream the division 

into arms - 57 and 66%, respectively for TN and TP), channelized domestic wastewater (in the catchment 

basin of the Deyma River - 45 and 64%, respectively) and livestock and poultry farming wastes (the 

catchment basin of the Pregolya River located downstream the separation of the Deyma River - 29 and 

30%, respectively). 

The total nutrient emission from the entire catchment basin of the Pregolya River on the receiving 

water bodies, under the conditions of implementation of the socio-economic scenario BAU, amounted to 

5.5 ths. tons/year for total nitrogen and 675 tons/year for total phosphorus, which is respectively 3.5 and 

2.7% higher compared to the baseline socio-economic scenario, under the same hydro-meteorological 

conditions. 

The second socio-economic development scenario "Documented future (DF)" suggests changes in 

the nutrient emission from sub-catchments ranging from 3 to 380% for TN and from 3 to 500% for TP. 
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The high values are confined to the part of the catchment area situated in the territory of the Kaliningrad 

Oblast. The change in retention of total nitrogen and total phosphorus ranges from -7 to 105% and from -

6 to 51% respectively. In the course of implementation of the DF scenario, the portion of livestock 

farming wastes (as a source of nutrients) increases significantly, reaching 56% for both TN and TP at the 

Deyma River catchment. The portion of nutrients coming from arable lands in the catchment basin of the 

Pregolya River upstream the division is higher than in the catchments located below the division onto the 

Downstream Pregolya and the Deyma, where it is reduced in comparison with the baseline scenario, but 

is still the leading source (56 vs 61%). The nutrient load from the entire catchment basin of the Pregolya 

River onto the receiving water body, assuming implementation of the socio-economic scenario DF, 

calculated as an average for the baseline climate period (1991-2010) amounted to 9.4 ths. tons/year for 

total nitrogen and 1000 tons/year for total phosphorus. This is respectively more than 78 and 55% higher 

than the nutrient load in accordance with the baseline socio-economic scenario. 

The overall results for socio-economic scenarios are presented in Table 0.3. 

 

 

 

 

Table 0.3. Nutrient emission from the Pregolya River catchment for socio-economic scenarios in 

conjunction with baseline climate (1991-2010), and its absolute (∆) and relative changes in percentage 

with signs (+)/(-), which denote an increase or decrease of the average value of a parameter relative to the 

baseline period 1991-2010. 

 

Parameter 

Baseline 
period 

BAU DF BAU+GoAP DF+GoAP 

Value Value ∆ % Value ∆ % Value ∆ % Value ∆ % 

Ntot, 
ton/year 

5268 5 452 184 3 9406 4138 79 5404 136 3 8940 3672 70 

Ptot, 
ton/year 

657 675 18 3 1021 364 55 652 -5 -1 1224 567 86 

  

  

Nutrient retention regionalisation 

For the baseline period (accepted as 1991-2010 based on climatic conditions; provided annually 

recurring nutrient load of the level of 2014), the average retention value of the entire catchment area (the 

ratio of the retained portion of the load in respect to the whole load on the catchment) was 39% of total 
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nitrogen and 50% of total phosphorus. However, in territorial terms, there is a difference between 

individual sub-basins in the degree of the nutrient load retention: the scale of values ranges from 0.5 to 

82% of the total nitrogen retention and from 0.7 to 94% of the total phosphorus retention (Figure 0.4). 

 

(а)  (b)  

Figure 0.4. Spatial distribution of the retention capacity for (a) nitrogen and (b) phosphorus in the 

catchment of the Pregolya River. Modeling forcing scenario: monthly mean air temperature and 

precipitation (1991-2010), fixed nutrient load (2014 yearly mean).   

 

The whole range of values of the retention capacity is conventionally divided into 4 ranges by 

Jenks's method: 

 low degree of retention (less than 6%) 

 retention rate below average (6-39%  for nitrogen and 6-50% for phosphorus)  

 retention rate above average (39-60% for nitrogen and over 50-69% for phosphorus)  

high degree of retention (over 60% for nitrogen, and over 69% for phosphorus).The high degrees 

of nutrient retention (both nitrogen and phosphorus) are found in the upper sub-catchments located in the 

south-eastern part of the catchment area. The lowest degree of retention are found in the lower reach sub-

catchments, at least partly because nutrients from these regions have the longest transit times. The 

transition part of the catchment area is characterized by average retention capacity. 

The spatial distribution of retention capacity depends on several factors. Retention is directly 

proportional to the extent of the river network, the number of large lakes, and inversely proportional to 

the river runoff. The spatial distribution of retention capacity was similar for the scenarios even when the 
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incoming data of the river flow values have changed (as a response to climatic change), or the initial 

nutrient load coming from the population and farming enterprises have changed. 

Thus, the catchment area of the Pregolya River is characterized by considerable heterogeneity in 

the nutrient retention ability (both under the current socio-economic and climatic conditions, and in case 

of possible changes in the climate of nutrient loading scenarios), and a detailed examination of each of its 

parts is required to assess this ability. The use of averaged coefficients of retention for the Russian and 

Polish parts of the catchment area is unacceptable. 

0.3 Synthesis of scenario analysis.  

The most scientifically important is the result of comparison of changes in the nutrient emission from the 

catchment area of the Pregolya River with possible variations of the future climate and socio-economic 

development scenarios. Usually the problem of comparison is always solved in a very specific way in 

relation to the analyzed territory, avoiding consideration of unrealistic expectations in economic 

development. This study includes the comparison of the baseline period situation (climate impact for 

1991–2010 in conjunction with the nutrient load, estimated based on data of 2014), and two groups of 

projected scenarios: the first group comprised from 4 climate impact projections for the period of 2041–

2060 (borrowed from the results of EUROCORDEX project: CanESM2_RCA4, CM5A-MR_WRF, 

CNRM-CM5_RCA4 and MPI-ESM-LR_CCLM) in conjunction with the nutrient load of 2014, and the 

second group, namely the 4 scenarios of socio-economic development: the scenario "Business as usual 

(BAU)" of keeping the current trends in socio-economic development, the scenario "Documented future 

(DF)" of implementation of documented development plans, and implementation of the “Good 

agricultural practice (GAP)” on top of both BAU and DF scenarios in conjunction the background of the 

climate impact for the baseline period of 1991–2010.  

A model estimation of the emission of total nitrogen (TN) and total phosphorus (TP) from the catchment 

area of the Pregolya River on the receiving water bodies (Vistula and Curonian Lagoons of the Baltic 

Sea) was obtained for these scenarios (Figure 0.5). 

A series of model calculations with different climatic projections under the same conditions of the 

nutrient load (conditions of 2014) showed the uncertainty for nutrient emission ranged from decline 

(10%) up to increase 27% for the TN, and decline (10%) up to 29% for TP (Figure 0.5). 

A series of model calculations with different socio-economic scenarios, under the same basic climatic 

conditions (1991–2010) showed that in case of implementation of BAU scenario, the nutrient emission 

would slightly increase (by 3% for TN and TP). In the event of DF scenario, the nutrient emission shall 

increase significantly, by 42% for TN and 32% for TP. 
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The total emission from the whole catchment of the Pregolya River to the receiving water bodies, 

according to the combined scenario ‘BAU+GoAP’, calculated as an average for the baseline climatic 

period (1991-2010) amounted to 5.4 thousand ton/year for TN and 650 ton/year for TP which is 

respectively 3% higher and 1% less than total emission for the baseline socio-economic scenario under 

the same meteorological conditions, and it is less than total emission for the BAU scenario under the 

same meteorological conditions by 1 and 4% respectively for TN and TP. 

The total emission from the whole catchment basin of the Pregolya River to the receiving water bodies, 

according to the combined scenario ‘DF+GoAP’, calculated as an average for the baseline climatic period 

(1991-2010) amounted to 8.9 thousand ton/year TN and 1220 ton/year TP which is respectively 70 and 

86% higher compared to the baseline socio-economic scenario under the same meteorological conditions 

and 5% less and 18% higher than the total emission of total nitrogen and total phosphorus for the DF 

scenario under the same meteorological conditions. 

Application GoAP scenario assumes a reduction in nutrients emission due to removal of the part of the 

nutrient load from point sources and an integration of it in the agrochemical cycle. The expected 

reduction of emission for nitrogen was obtained for both scenarios the ‘BAU+GoAP’ (1%) and 

‘DF+GoAP’ (5%). In the case of phosphorus the reduction in the scenario ‘BAU+GoAP’ (4%) was also 

expected. The increase of phosphorus emission in the scenario ‘DF+GoAP’ by 18% is likely due to the 

reason that the model does not reproduce whole phosphorus involvement in agrochemical cycle for heavy 

load, and the most part of phosphorus is just flushing from the fields. This may be included in the model 

through the value of type specific concentrations corresponded to excessive washout. 

The value of the nutrient retention in the catchment area of the Pregolya River that describes the 

difference between nutrient gross load on the catchment area and outflow by the river network for the 

baseline period (1991–2010) conditioned upon the nutrient load corresponding to the conditions of 2014 

amounted to 39% for TN and 50% for TP (Figure 0.6). A series of model calculations with different 

climate projections for 2041-2060, under the same conditions of the nutrient load (for 2014) showed that, 

if implemented, the retention value would not change significantly about 1-2% for TN and TP. 

Implementation of the different climate projections illustrate the possible range of uncertainty in climate 

induced changes of retention – the decrease of retention for CanESM2_RCA4, CM5A-MR_WRF and 

CNRM-CM5_RCA4 and an increase in the case of MPI-ESM-LR_CCLM.  

The analysis of socio-economic scenarios under the same basic climatic conditions showed that in case of 

implementation of BAU scenario, the retention value would decrease by 0.5% both for nitrogen and 

phosphorus; in case of DF scenario, it would decline by 4% for nitrogen and 4% for phosphorus. 

Reduction of the retention value in case of implementation of DF scenario is significantly higher 

compared to the other scenarios considered; the increase in the anthropogenic nutrient input inherent in 
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the present scenario might considerably exceed the receiving capacity of the catchment area. The 

simulations showed that implementation of the GoAP socio-economic scenario leads to decrease of the 

total retention in the Pregolya catchment in comparison with the Baseline socio-economic scenario under 

the same meteorological conditions. In case of the ‘BAU+GoAP’ scenario the total retention was 

decreased by 1% for TN and 11% for TP. In case of the ‘DF+GoAP’ scenario the total retention was 

decreased by 0.5% for TN and 11% for TP. 

 

  
Figure 0.5. The emission of total (a) nitrogen and (b) phosphorus from the Pregolya River catchment (in 
total to both of the recipient water bodies, the Vistula and Curonian Lagoons),  under different climate 
and socio-economic scenarios. 

  

 

Figure 0.6. The retention of total (a) nitrogen and (b) phosphorus in the Pregolya River catchment for 
different climate and socio-economic scenarios. 

These results provide clear evidence that the changes in local climate in the Baltic Sea region can 

lead to changes in the nutrient flow characteristics comparable to those that might be expected under 

socio-economic development of the territory that acheives modern agricultural standards. Secondly, even 

when considering stable nutrient inputs to the catchment, climate change itself leads to an increase in 

nutrient emissions. This should be considered when developing plans of socio-economic development 

(currently the climatic aspect is usually not taken into account in Russia), as the uncontrolled growth of 

the nutrient emission will adversely affect the currently low water quality of the Baltic Sea. 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

23 

 

0.4 Conclusive remarks 

The study presents for the first time a hydrologic and nutrient emission-retention study covering the 

whole transboundary Pregolya River Basin (Polish ar Russian parts of it) including the two river branches 

(with their own catchments) at its lower reach, flowing to the Vistula Lagoon (Downsteram pregolya) and 

to the Curonian Lagoon (Deyma Branch). The estimation of total nutrient emission from the whole basin 

to these recipient coastal waters bodies gave an information about possible variations of the nutrient load 

to the Baltic Sea from this middle size river under changed climate and socio-economic conditions.   

An example of the catchment area of the transboundary Pregolya River showed significant spatial  

variations in characteristics of retention within its basins which gives room for formulation of spatially 

differentiated measures to reduce the load.  

This study revealed a particular feature of the transboundary catchment area between an EU member 

country and Russia - the load on the Russian part of the catchment area is currently much smaller, but it 

will increase progressively as agricultural outputs recover to the level of 1970-1980th. Therefore, the 

introduction of modern farming methods that take into account minimal nutrient impacts are required to 

compensate for the increase in nutrient loads.  

Source apportionment for nutrient load revealed that the main sources of nitrogen and phosphorus 

input in the individual catchment of the Pregolya River upstream the separation of the Deyma River are 

arable lands (58 and 67%), livestock wastes (21 and 13%) and municipal wastewater (12 and 15%); for 

the individual catchment of the Downstream Pregolya: livestock wastes (29 and 31%), municipal 

wastewater (18 and 28%) and arable lands (27 and 21%); for the individual catchment of the Deyma: 

municipal wastewater (44 and 64%), arable lands (14 and 10%) and livestock wastes (12 and 10%). The 

nutrient load from the entire catchment basin of the Pregolya River calculated as an average for the 

baseline climate period (1991-2010), amounted to 5.3 thousand tons/year for total nitrogen and 657 

tons/year for total phosphorus (assuming the nutrient inputs of 2014). 

According to the evaluation of the project, it is potentially possible to organize in the Kaliningrad 

Oblast a "closed cycle" for the full use of the organic fertilizers produced in the region on the existing 

areas, according to the standards recommended by HELCOM even at the very high rates of livestock 

breeding development (DF scenario). 

The result of comparisons of the change in the nutrients emission from the catchment area of the 

Pregolya River under possible variations of future climate and socio-economic development scenarios is 

the most important from a scientific point of view. This problem of comparison shall always be solved in 

a very specific way in relation to the analyzed territory, avoiding consideration of unrealistic 
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expectations. In this study, the situation for the baseline period (climate for 1991-2010 in conjunction 

with the nutrient load, estimated based on data of 2014) was compared with two groups of scenarios: a 

climate change scenario for 2041-2060 (using an ensemble of 4 regionally downscaled and bias-corrected 

climate models) in conjunction with the nutrient load of 2014 (one group) and 4 scenarios of socio-

economic development (keeping current trends, implementation of documented plans, good agricultural 

practice for Russian part of the catchment) assuming a climate the same as for the baseline period of 

1991-2010. 

A series of model calculations with different climatic projections under the same conditions of the 

nutrient load (conditions of 2014) showed the uncertainty for nutrient emission ranged from decline 

(10%) up to increase 27% for the TN, and decline (10%) up to 29% for TP. 

A series of model simulations assuming different socio-economic scenarios under the same basic 

climate conditions (1991-2010) showed that in the case of Business and Usual, the nutrient emission will 

increase only slightly (by 3% for nitrogen and phosphorus). In the case of implementation of the 

documented plans of socio-economic growth (DF scenario), the nutrient emission will increase 

significantly - by 78% for TN and 55% for TP. 

Results provided clear evidence that the changes in local climate in the Baltic Sea region can lead 

to changes in the nutrient flow characteristics comparable to those that might be expected under socio-

economic development of the territory that acheives modern agricultural standards. Even when 

considering stable nutrient inputs to the catchment, climate change itself leads to an increase in nutrient 

emissions. This should be considered when developing plans of socio-economic development (currently 

the climatic aspect is usually not taken into account in Russia), as the uncontrolled growth of the nutrient 

emission will adversely affect the currently low water quality of the Baltic Sea. 

0.5 Publications illustrated the materials presented in the 
Deliverable 

Materials compiled in this Deliverables were presented in following publications 
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2015 гг. // Тезисы IX Всероссийской научно-практической конференции молодых учёных (с 
международным участием) по проблемам водных экосистем, посвященной 100-летию со дня 
рождения д.б.н., проф., чл.-кор. АН УССР В. Н. Грезе «Pontus Euxinus 2015», Севастополь, ИМБИ 
имени А.О. Ковалевского РАН, 17-20 ноября 2015 г. - Севастополь: DigitPrint, 2015. – С. 119-221. 
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1. Introduction (Chubarenko B.) 

The current Deliverable was prepared according to the Terms of References of the Soils2Sea 

Project.  

The Deliverable summarized information about the case study for the transboundray Pregolya 

River (Poland-Russia). The objectives of this case study were the following:  

- to analyze the climate changes, state of land use and to estimate of load of nutrients from 

the Pregolya River basin;  

- to assess a possibility for transport and retention of nutrients by surface water in catchment 

area of the Pregolya River. 

 

The specific purposes of the study were planned to fit to the main tasks of the Project and were 

the folowing: 

 - to review scenarios of land use for transboundary areas of the Pregolya River catchment 

and probable climate changes (2014-2015); 

- to analyze retention scenarios of nitrogen and phosphorus from territory of Pregolya River 

catchment (2014-2015); 

- to analyze scenarios of South-East Baltic region development (2014-2015); 

- screening-monitoring of nutrients concentration for the Pregolya River catchment (2014-

2016); 

- to test numerical model to nutrients retention in the Pregolya River catchment (2014-

2016); 

- to test of modeling results for nutrient load on historical data for a long time period (2016); 

- to analyze of results of nutrients retention by different mid-catchment areas of the 

Pregolya River catchment (2016) 

- to make a zonation of area of Pregolya River catchment by retention capacity for nutrients 

in the basin scale (2016). 

 

The Pregolya River case study was fulfilled during three years 2014-2016. This study lasted one 

year less than the Soils2Sea project itself. The reason was in the duration of the financial support 
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from the Russian Fund for Basic Research, which covers the expenses of the reseacrh team from 

the Atlantic Branch of P.P.Shisrshov Institute of Oceanology.  The closest collaboration of this 

team with colleagues from two Project pertnets, namely SMHI and GEUS, concludes to set of 

joint publications (listed in Summary). 
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2. Description of the Pregolya River drainage basin 
(Domnina A., Domnin D., Chubarenko B.) 

2.1 Physical and geographical description.  

All the main water systems of the Kaliningrad Oblast are transboundary. These are 

coastal waters of the Baltic Sea, the Vistula Lagoon watershed and the Curonian Lagoon 

watershed. 

The Vistula Lagoon is classified as a low salinity non-tidal estuarine lagoon 

(Chubarenko, Margonski, 2008) and it is a transboundary (Andrulewicz et. al., 1994) water body 

itself (Figure 2.1). Its volume and area equal to 2.3 km3 and 838 km2 respectively, 64% of the 

lagoon volume (1.47 km3) and 56.4% (472.5 km2) of the lagoon water area belong to the 

Kaliningrad Oblast (the Russian Federation), and the rest belongs to Poland (Solovjev, 1971). 

Since the Baltiysk Strait, as a single inlet connecting the lagoon with the Baltic Sea, is situated 

on the Russian territory, the Kaliningrad Oblast is formally responsible for the quality of waters 

coming into the Baltic Sea from the lagoon (Chubarenko, 2008). 

The biggest part of the lagoon catchment (63.6%) is formed by the transboundary water 

basins of the Lyna-Lava and the Angrapa-Wangorapa rivers (both are 55.8% of the lagoon 

cathcment) and a catchment of the main stream of the Pregolya River (Figure 2.2) passing across 

the Kaliningrad Oblast from East to West. A small part of the lagoon catchment (90 km2 or 

0.4%) belongs to the watershed of Vishtynets Lake in Lithuania. 

The watersheds of the Vistula and Curonian Lagoons are connected by the Deyma Arm, 

which is often referred to as the Deyma River (Chubarenko, 2008). The Deyma (Figure 2.2), 

being an arm of the Pregolya River, outflows from main Pregolya stream at the town of 

Gvardeysk and connects the Pregolya with the Curonian Lagoon. This means an overlapping of 

the watersheds of the Vistula and Curonian lagoons. Approximately 34% of the Pregolya River 

runoff turns towards the Curonian Lagoon through the Deyma branch (Silich, 1971). Thus, the 

watershed of the Pregolya River, which is above the town of Gvardeysk, including 

transboundary watersheds of the Lyna-Lava, Angrapa-Wangorapa and Pissa rivers (13.7 ths. 

km2 in total), belongs to both the Vistula and Curonian lagoons’ catchments. This overlapping of 

the watersheds of the two Baltic lagoons is not usually taken into account (Markova&Nechai, 

1960). The total Pregolya River catchment is usually attributed to the Vistula Lagoon watershed 
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(Silich, 1971), and the only watershed of the Deyma River itself, and the total runoff from the 

Deyma are referred to the Curonian Lagoon (Kucheriaviy, 2002). A little part of the river basin 

(about 60 km2) is located in Lithuania (close to Vishtynets Lake). 

 

Figure 2.1 – Watershed area of the Vistula Lagoon (Domnin, Chubarenko, 2011) 

Figure 2.2. - Lagoon-estuarine system of  the Vistula Lagoon - Pregolya River - Deyma 
River - Curonian Lagoon (Domnin et al., 2013) 
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The Pregolya River is the main river feeding the Vistula Lagoon. It is formed by the 
confluence of the Instruch and Angrapa rivers and flows into territory of the Kaliningrad Oblast. 
The Pregolya River is a peneplain river. Its bed began to form after deglaciation of the Baltic, 
about 15000 years ago (Geography of the Amber region of Russia, 2004). 

According to estimations via GIS tool (Domnin, Chubarenko, 2008), the Pregolya River 
basin itself amounts to 1.7 thousand km2; the Instruch River watershed is 1.35 thousand km2, the 
Angrapa River watershed is 2.2 thousand km2, the Pissa watershed (including the basin of 
Vishtynets Lake) totals 1.5 thousand km2, the Golubaya River watershed amounts to 0.54 
thousand km2, and the Lava River watershed is 7.2 thousand km2. The mean divergence between 
the magnitudes of the areas of different watersheds amounts about 3% depending on literature 
source. 

The Pregolya River is 123 km long, and including the Angrapa it is 292 km long. The 
riverbed is 40-80 m wide in the middle, and 200-300 m wide in the mouth (meteo39.ru). 

The Pregolya River is located in a transitional climate zone from moderate-continental to 
marine area. This region is characterized by quite mild winter period, often without stable snow 
cover formation, warm and rainy autumn, moderately warm summer and high humidity 
throughout the year. The region is under the influence of cyclonic circulation for six months a 
year. About 175 fronts pass through the region during a year, which cause overcast sky 
conditions, moderate and strong winds. The average annual temperature is around 8° C. The 
average temperature in July is 17° C; the average temperature in January is -3°C. There are about 
185 rainy days during the year and 55 snow days. The prevailing wind direction is westward 
with an average speed of 4 m/s (vsereki.ru). 

The Pregolya River has mixed feeding. Rainy waters amount to 40%, ground waters - 25% 
and snow - 35%. Average water consumption is 90 m³/s. Flooding takes place on the Pregolya 
River in March and April. The lowest level of the river water can be observed in summer and 
autumn. The river overflows during the flood season, flooding the water-meadow. Strong west 
winds may cause surges, leading to flooding (Markova, 1999). 

Marshes and lakes are formed on the parts of flood-lands of the Pregolya River (bogginess - 
3%, lake’s area - 1%). There are several former river-beds, the largest of which are Voronie and 
Pustoe (Silich, 1971).  

Average water surface slope of the Pregolya River in its downstream is 0.009 m/km. This 
explains the fact why the downstream part of the Pregolya River is an estuarine system. Water 
masses penetrate from the Vistula Lagoon upstream to the Pregolya River riverbed and from the 
Curonian Lagoon upstream to the Deyma River almost unimpededly during the wind surges. 
Thus the whole river flow in the vicinity of Gvardeysk is dumped into the Curonian Lagoon 
during the activity of west winds from the Vistula Lagoon. Discharge of the Deyma Arm 
becomes zero under the impact of north winds, and the entire river flow is directed into the 
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Vistula Lagoon. Repeatability of zero expenditures in the lower stream of the Pregolya River is 
3-4 times higher than in the Deyma (Markova, Nechay, 1960). 

The Pregolya River basin is located within the landscapes formed due to the glacier activity. 
Landscapes are significantly changed. The major part of the Pregolya basin is used for 
agriculture (56%). The main part of the river basin is located within the following landscape 
areas (Geography of the Amber region of Russia, 2004): 

Pregolya plain 

This area is located in the southern part of the Pregolya River valley. The landscape area 
was originated due to the formation of glacial waters. Moraine sediments cover flat monotonous 
surface of the plain composed of clays. 

The soils of this area undergo excessive moisture due to the flat relief and waterproof of 
clay soils. The territory is covered with a network of drainage canals and subsurface drainage. 
Forests cover a large area. Agriculture lands occupy soils of different degrees of moisture. 
Upland and lowland bogs area is quite extensive.  

Valley of the Pregolya River 

It is formed by the confluence of the Angrapa and the Instruch, crosses the central part of 
the Kaliningrad Oblast in the latitudinal direction from east to west to the Vistula lagoon. 

Natural shape of the river and its regime are changed considerably by human activities. The 

riverbed is located on well-developed floodplain which was formed by up-to-date and ancient 

alluvial sediments. A significant part of it is swampy and drained in a polder way. There is 

almost no woody vegetation due to long-standing land development. Willow thickets and small 

islands of pine-bilberry are located on the outputs of ancient alluvial sediments along the 

riverbed (Figure 2.3). 

The alluvial sod soils, which occupy the grass-forb meadows with an admixture of sedge 
marshes, are dominating in the soil cover. Floodplain lands are used for hayfield, pasture and 
partly as arable land. 
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Figure 2.3. Valley of the Pregolya River. 

 

Instruch hill 

This landscaped area occupies the right bank of the Instruch River and partly of the 

Pregolya River. The ridge is up to 40-70 m high. The ridge is composed of moraine loams. There 

are small tracts of coniferous and deciduous forests in the southern part of the area. Oak, spruce 

and birch are the main species. Ravines and gullies dissect the eastern slope of hilly moraine 

ridge. They are fixed by broad-leaved trees (linden, oak, hornbeam). The area is mainly used for 

farmland. 

Angrapa-Sheshupe plain 

It is located in the east of the Kaliningrad Oblast and occupies the territory between the 

Instruch and Sheshupe rivers. Average heights amount to 20-25 m. The area is characterized by 

increasingly continental climate. Agriculture lands cover the territory of spruce-broadleaf forests. 

The soil is represented by well-cultivated soddy and weakly podzolic and cryptopodzolic soils. 

Vishtynets Upland  

Vistynets Upland is located at the south-east of the Kaliningrad Oblast; it is a part of the 

Baltic Ridge. This area is represented by a moraine hill with distinct ridge relief. The height 

decreases from south-west to north-east respectively from 200 to 50 meters. The largest absolute 

height in the Kaliningrad Oblast is Bezymyannaya Hill, which is 230 m tall. The space between 

the hills is filled with swamps, basins with picturesque lakes. The largest Vishtynets Lake in 

situated in this area. 
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2.2 Land use 

More than half of the catchment area (54%) is occupied by agricultural lands. Deciduous 

and mixed forests and open space take up 16%; about 9% of the catchment area is occupied by 

coniferous forest, 3% by cities and 2% are in the internal surface of the open-water bodies 

(Figure 2.4). 

 

Figure 2.4. Land use scheme of the catchment basin of the Vistula Lagoon (Domnin, 
2013) 

2.3 Water management issues 

Most of river basins in the South-Eastern Baltic Region are transboundary (Chubarenko, 

2008). State borders, as well as internal borders between municipalities are not correlated with 

boundary lines of main watersheds (Domnin, Chubarenko, 2008). This non-coincidence of 

natural and administrative spatial division makes a task of water management in the region rather 

complicated. Moreover, the countries sharing the catchments have different management 

experience and legal basis. Lithuania and Poland as members of European Union are obliged to 
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follow the EU Water Framework Directive, while the Kaliningrad Oblast as a part of the Russian 

Federation applies the Russian Water Code as a principal law stipulating the water use and 

protection. In order to achieve sustainable management of water resources in the region, 

common goals are to be set up. The same standards in water use and common procedures of 

water quality control, water monitoring and management shall be implemented within all shared 

basins. 

The territory of the Kaliningrad Oblast is a part of the western region of the Baltic Basin 

Management District. It includes the Russian part of the Neman River catchment and other 

catchment basins of the Baltic Sea within the Kaliningrad Oblast (Baltic Basin District, 2008). 

This water management area borders with Lithuania in the north and east, with Poland in the 

south, and it is washed by the Baltic Sea in the west.  

The catchment of the Pregolya River is located in three official water management sub-

districts (‘vodohozoaystvennyi uchastok’ in Russian): 

- The Pregolya River Management Sub-District (8.6 thousand km2) covers the Pregolya 

River basin and basins of the small rivers flowing into the Vistula Lagoon from the east.  

- The Neman River Management Sub-District (1.0 thousand km2) includes the part of the 

Neman River catchment area within the Kaliningrad Oblast 

- The Baltic Sea Basin Management Sub-District within the Kaliningrad Oblast except 

Neman and Pregolya rivers (3.8 thousand km2) includes all rivers flowing into the Curonian 

Lagoon, to the Vistula Lagoon from the north and directly into the Baltic Sea from the Sambian 

Peninsula. The Deyma and Matrosovka rivers are the largest rivers in this sub-district. 

These three water management sub-districts are subdivided into 20 water management rated 

segments (‘raschetnyi vodohozoaystvennyi uchastok’ in Russian). The Russian Water Code is 

the main law regulating the water use issues in the Russian Federation (Water Code, 2005). 

The agreement signed on 07.17.1964 (Warsaw, Poland) between governments of the Union 

of Soviet Socialistic Republic and the Government of the Polish People's Republic about the 

water sector in boundary waters is a bilateral agreement for protection of water resources 

regulating the activities of hydro-constructions, water supply, flood control and erosion of the 

Neman, Pregolya and Vistula basins. 
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The main authorities regulating the water use in the Kaliningrad Oblast are: 

- Government of the Kaliningrad Oblast (the Ministry of Natural Resources and Ecology);  

- Neva-Ladoga Water Basin Administration Department (Kaliningrad office); 

- Kaliningrad Center of Hydrometeorology and Environment Monitoring. 
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3. Supplementary data collection for model use 
(Gorbunova J., Domnin D., Churenko B.) 

3.1 Supplementary monitoring program design 

Supplementary monitoring program (content of nitrogen and phosphorus in water) 

covering all major streams of the Pregolya River basin within the Kaliningrad Oblast. The 

monitoring points are mainly located in the stream mouths, in order to determine the amount of 

the nutrients inflowing from the whole catchment area. The supplementary monitoring program 

design ultimately included 12 monitoring points (Figure 3.1). Samples collection was carried out 

seasonally in 2014 – 2016 (Table 3.1). The parameters measured in laboratory were the 

following: 

Total nitrogen (Ntot); 

Nitrate nitrogen (NO3); 

Nitrite nitrogen (NO2); 

Ammonia nitrogen (NH4); 

Total phosphorus (Ptot); 

Phosphate phosphorus (PO4). 

 

 

 

 

Figure 3.1. Points of supplementary data collection program in the Pregolya River catchment 
in 2014-2015. 
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3.2 Methods of sampling and laboratory analysis 

Samples were collected from the middle depth layer at the thalweg of the stream due to 

shallow water. Water samples were kept in a cool box for few hours during the field trip and then 

analyzed in the laboratory. The hydrochemical analysis was performed through the certified 

methods included in the State Register of Methods of Quantitative Chemical Analysis of Water 

(Table 3.2). 

Table 3.1. Date of sampling and measured parameters 

Date of sampling Measured parameters 
N tot NO3 NO2 NH4 P tot PO4 

09-11.02.2014 + - - - + - 
01-03.04.2014 + - - - + - 
19-20.11.2014 + + + + + + 
17-18.03.2015 + + + + + + 
05-07.05.2015 + + + + + + 
15-16.07.2015 + + + + + + 
29.10-02-11.2015 + + + + + + 
02-03.03.2016 + + + + + + 
24.05.2016 + + + + + + 
17.08.2016 + + + + + + 

 

Table 3.2. Techniques of quantitative chemical analysis of water 

Hydrochemical parameter Standard methods* Method Device 

Ammonia nitrogen PND F 14.1:2:4.262-10 photometrical photocolorimeter 

Nitrite nitrogen RD 52.24.381-2006 photometrical photocolorimeter 

Nitrate nitrogen RD 52.24.380-2006 photometrical photocolorimeter 

Total nitrogen PND F 14.1:2.106-97 photometrical photocolorimeter 

Phosphate phosphorus RD 52.24.382-2006 photometrical photocolorimeter 

Total phosphorus RD 52.10.243-92 photometrical photocolorimeter 

*- methods included in the State Register of Methods of Quantitative Chemical Analysis of 

Water 
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Concentration of ammonia nitrogen was determined by photometric method using the 

spectrophotometer KFK-3 (PND F 14.1: 2: 4.262-10). The method is based on the principle that 

the ammonia nitrogen dissolved in water with hypochlorite and phenol produces the indophenol 

– a substance of intensely blue color. The intensity of the dissolved color (optical density) is 

proportional to concentration of the ammonia nitrogen in the sample. 

Concentration of nitrite nitrogen was determined by photometric method using the 

spectrophotometer KFK-3 (RD 52.24.381-2006). The principle of the method is that nitrites are 

able to diazotized the sulfanilic acid and produce red-violet dye diazo compounds with α-

naphthylamine. The intensity of solute color (optical density) is proportional to concentration of 

the nitrite nitrogen in the sample. 

Concentration of nitrate nitrogen was determined by photometric method using the 

spectrophotometer KFK-3 (RD 52.24.380-2006). The method is based on the principle of 

reduction of nitrates to nitrites by coppering cadmium with disodium EDTA (Trilon B) as a 

complexing agent. The amount of nitrate and nitrite nitrogen is determined after the sample is 

passed through the reducer with coppering cadmium. Concentration of nitrate nitrogen is 

calculated by subtraction of the nitrite nitrogen concentration. 

Concentration of phosphate phosphorus was determined by photometric method using the 

spectrophotometer KFK-3 (RD 52.24.382-2006). The method is based on the principle that 

phosphate ions reacts with ammonium molybdate under acidic conditions and produces the 

phosphomolybdic acid which is reduced by ascorbic acid to phosphorus-molybdenum complex 

with blue color. 

Concentration of total nitrogen and total phosphorus was determined according to PND F 

14.1:2.106-97 and RD 52.10.243-92. The principle of the method is mineralization of 

phosphorous and nitrogen organic compounds under the influence of oxidizing reagents and 

further determination of concentration of total nitrogen and total phosphorus using methods for 

their inorganic forms. The oxidative reagent with potassium persulfate, sodium salt, boric acid 

and alkali are used. This allows to mineralize the organic matter in alkaline and then under acidic 

conditions. Organic nitrogen is reduced into the nitrate, and organic phosphorous - into the 

phosphate. 
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3.3 Monitoring results (2014-2016) 

3.3.1. Seasonal dynamics of nutrients content in water 

The monitoring results of 2014-2016 enable to identify patterns of spatial distribution and 

seasonal dynamics of nutrients concentration in water (mineral and organic matter of nitrogen 

and phosphorus) in the Pregolya River and its tributaries. 

Nitrate concentration was characterized as maximum in the early spring as a result of 

spring flooding that removed the mineral nitrogen from agricultural lands. High concentrations 

of mineral nitrogen in the Pregolya River flow create conditions for the eutrophication of the 

Vistula Lagoon, and in particular, cause intense spring "blooming" of diatoms. During the next 

period of mean water, the nitrate content in the water was reduced by 3-6 times (Figure 3.2). The 

content of nitrites, in contrast, increases considerably during the summer and autumn period, as a 

result of intensive nitrification. Since the resistance of water ecosystems against nitrite is low, 

the average content of nitrite in the Pregolya River and its tributaries exceeded the MAC4FE2 

(0.02 mgN/l) in summer and autumn 2015 and 2016. 

 

(a)  (b)  

(c)  

(d)  

Figure 3.2. Concentration of mineral and organic nitrogen averaged for points of sampling (see 

Fig. 3.1) in the Pregolya River and its tributaries during different seasons in 2014-2016. 

 
                                                            
2 MAC4FE ‐ Maximum Allowable Concentration for eutrophic waters targeted for fishery, 
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The highest concentration of ammonia nitrogen was observed in the beginning and at the 

end of the growing season, as a result of decomposition of organic matter from the catchment 

area. 

The highest concentration of nitrate and ammonium nitrogen was observed in local areas 

that were probably polluted through point sources.  

In particular, in summer 2015, the concentration of nitrate and ammonium nitrogen in 

Pregolya River near the Kaliningrad city was 5-7 times higher than in the river upstream, which 

was probably due to pollution via the waste waters. The concentrations exceeded the MAC4FE 

by many times. 

The concentration of inorganic phosphorus increased during the growing season. 

However, the maximum level recorded in late autumn, was primarily due to the local 

anthropogenic pollution in two local areas where inorganic phosphorus concentration exceeded 

MAC4FE (0,2 mgP/ L) (Fig. 3.3). 

 

(a)  

(b)  

Figure 3.3. Concentration of mineral and organic phosphorus in the Pregolya River water and its 

tributaries during different seasons in 2014-2016. 

 

Seasonal dynamics of the organic phosphorus concentration in the studied streams vary 

greatly in different years. In 2015, the concentration of organic phosphorus was characterized by 

maximum in the early spring, when the maximum was recorded for nitrate, with a high level of 

organic nitrogen in the water. The high contents of organic phosphorus and nitrogen were 

probably due to intensive vegetation of phytoplankton, which occurs regularly in the Pregolya 

River in early spring. In 2016, organic phosphorus concentration was significantly lower than in 

2015 throughout the year. 
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3.3.2. Spatial dynamics of nutrients content in water of the streams of the Pregolya River 

basin 

The maximum concentration of total nitrogen of 12.9 mgN/l was observed in the Lava 

River, near the town of Znamensk during the spring flood in 2016; the minimum concentration 

(0.37 mgN/l) was registered in the mouth of the Instruch River in autumn mean water period in 

2015. A different pattern was observed in terms of distribution of total phosphorus. The highest 

concentration (0.49 mgP/l) was fixed in the Pissa River during the mean water period in autumn 

2015. The minimum concentration of total phoaphorus (0.02 mgP/l) was observed in the same 

period in the Instruch River. 

The spatial distribution of the concentration of total nitrogen and total phosphorus during 

main seasons of 2014-2016 is presented in Figure 3.4-3.6. 

The highest concentration of nitrogen was observed in the majority of studied streams of 

the Pregolya River basin during the spring flooding, causing the main load from the catchment 

area to the Vistula Lagoon. Mineral nitrogen mainly consisted of nitrates. The highest 

concentration of mineral nitrogen was observed for all sample points of the Lava River, which is 

the largest tributary of the Pregolya River. The nitrate concentration was above 2.0 mgN/l in the 

Lava River, that was probably due to an intensive flow from agricultural lands. Extremely high 

concentrations of the organic nitrogen (5.2 – 9.7 mgN/l) were also observed in 2016 in the Lava 

River as well as in the Pregolya River downstream the Lava River confluence. In 2016, samples 

were taken at the peak of the flooding. The concentration of mineral and organic phosphorus 

during the spring flood varied over the years. 
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Figure 3.4. Distribution of total nitrogen (a) and total phosphorus (b) in the Pregolya 
River catchment area during main seasons of 2014. 
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Figure 3.5. Distribution of total nitrogen (a) and total phosphorus (b) in the Pregolya 
River catchment area during the main seasons of 2015. 

 

After the spring flooding, removal of nutrients from the catchment area of the Pregolya 

River (and their inflow to the Vistula Lagoon) is significantly reduced. For most studied streams, 

the mineral nitrogen concentration was reduced by 3-6 times compared with the period of 

flooding. During the summer and autumn mean water period, there was significant spatial 

variability of concentrations of mineral and organic nitrogen and phosphorus in the Pregolya 

River and its tributaries. The concentration of different forms of nitrogen and phosphorus also 

significantly varied from year to year. The year of 2015 was characterized by minimum 
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concentration of nutrients (nitrogen and phosphorus) during the period of low water due to their 

insignificant inflow from the catchment area. In 2016, the concentrations were significantly 

higher. 

A significant concentration of ammonium and nitrite, as well as mineral and organic 

phosphorus was observed at certain local areas influenced by anthropogenic pollution. The main 

ones are the Pissa River and the Pregolya River near the city of Kaliningrad. The concentrations 

of ammonia nitrogen, nitrite and mineral phosphorus exceed the MPC4F3 in the Pissa River 

during certain periods. 

Nutrients input from the tributaries resulted in the increase in concentration downstream 

the Pregolya River near Gvardeysk and Kaliningrad. Additional impact is likely to be exerted by 

the flow of wastewaters in the vicinity of Kaliningrad. However, the mouth of the Pregolya River 

is also influenced by wind surges; sometimes a significant decrease in concentration of nutrients 

can be observed a as a result of dilution with the lagoon waters. 

Thus, the spatial distribution of phosphorus and nitrogen concentrations in water of the 

Pregolya River and its tributaries was conditioned by the influence of a number of factors (runoff 

seasonality from the catchment area, anthropogenic pollution and seasonal succession of 

phytoplankton). The downstream of the Pregolya River was characterized by the highest 

variability which was significantly influenced by the pollution through Kaliningrad wastewaters, 

as well as interaction with the Vistula Lagoon waters, which can penetrate upstream the Pregolya 

River within a considerable distance during the water surges caused by the western winds. 

3.4 Re-analysis data for hydrometeorological parameters 

The dynamics of nutrients concentration in the river system largely depend on the 

hydrometeorological factors, first of all precipitation and temperature conditions. 

Precipitation varied greatly during the monitoring period (2014-2015) (Figure 3.6). 

Precipitation in 2014 and 2015 was 631 and 715 mm per year, respectively, which was below the 

long-term average rate of 824 mm per year. In 2016, precipitation was 832 mm for the period till 

early November which was more than the long-term average rate for the whole year. There were 

also significant differences in seasonal variations of precipitation. In 2015, the period from May 

                                                            
3 MPC4FE are 0.4 mgN/l for the ammonia nitrogen, 0.020 mgN/l for the nitrite and 0.2 mg P/l  
for the mineral phosphorus. 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

46 

 

till October was dry on the whole. This, apparently, explains low levels of nitrogen and 

phosphorus during the summer-autumn low water period in the investigated streams, except for 

the local areas influenced by point sources of the anthropogenic pollution. In 2016 the same 

period was much wet. The concentration of nitrogen and phosphorus was generally higher 

compared to 2015. This can be explained by a large inflow of nutrients from diffused sources in 

the catchment area due to leaching. 

 

Figure 3.6. Precipitation in the Pregolya River catchment (data: http://rp5.ru/) 

 

Extremely high precipitation was recorded in February 2016. The precipitation rate was 

175 mm per month, while the mean annual value for this month is 49 mm per month. 

Apparently, this explains the extremely high concentration of nitrogen (first off all the organic 

matter) in all the investigated streams, especially in the Lava River, that was observed on March 

3, 2016, as a result of the runoff from the catchment area. 

Temperature regime (Figure 3.7) influences the process of transformation of nutrients in 

the catchment area. At first, the significantly higher temperature in the late winter period in 

2014-2016 should be noted. The long-term average temperature in February is -1.1˚C. The 

average temperature in February 2014 was + 1.8˚C; in 2015 – +1.4˚C; in 2016 – +3.0˚C. Thus it 

significantly affects processes of removal and retention of nutrients in the catchment. 
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Figure 3.7. Monthly average air temperature at the surface in the Pregolya River 

catchment (data: http://rp5.ru/) 

3.5 Nutrient load assessment through monitoring data and modeled 
discharge for 2015 

Quantitative assessment of the nutrient load (total nitrogen and total phosphorus) from 

the Pregolya River basin in 2015 was carried out. For this purpose, the monitoring data of total 

nitrogen and total phosphorus were used. Data on water discharge in the monitoring points were 

obtained by the simulation of the hydrological regime using HYPE Model. 2015 was chosen due 

to the appropriate monitoring data time coverage.  

The calculation showed that the total load of nutrients from the catchment area of the 

Pregolya River (just ahead of Gvardeysk, the point of bifurcation of the Pregolya River into two 

streams) in 2015 amounted to 2334 tons of total nitrogen and 280 tons of total phosphorus 

(Figure 3.8). 
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Figure 3.8. Annual flux of the total nitrogen (a) and total phosphorus (b) from the catchment area 

of the Pregolya River in 2015 with a breakdown by points of monitoring measurements. 

 

The total nitrogen flux (Figure 3.8) from the main tributaries was the following: the Lava 

River - 906 tons/year, Golubaya River - 113 tons/year, Angrapa, Pissa and Instruch Rivers after 

the inflow the Pregolyal River - 1219 tons/year. The total phosphorus load from the main 

tributaries was the following: Lava River – 70 tons/year, Golubaya River - 20 tons/year, 

Angrapa, Pissa and Instruch Rivers after the inflow the Pregolyal River - 149 tonn/year. 

Thus, there is a tendency to the cumulative increase of the fluxes of total nitrogen and 

total phosphorus towards downstream the Pregolya River. 
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4. Climate projections (Domnin D., Chubarenko B.) 

           The present study aimed at assessment of the runoff response of the Pregolya River to 
possible climatic changes in the 21st century includes forecasted meteorological data for the 
period of 1991-2100 for the scenario of greenhouse gas emission RCP8.5. These data were 
derived for a set of nodes (Figure 4.1) covering the area of South-Eastern Baltic, out of climate 
forecasts for Europe, obtained through four models (Table 4.1) (Bosshard, 2016) from the set of 
models used within the framework of EUROCORDEX initiative (http://www.euro-cordex.net/). 

These 4 regional limited-area models were among others used to downscale transient 
global climate projections over Europe at a 25 and 50 km resolution over the second half of the 
twentieth century and during the twenty-first century. The ENSEMBLES climate projections 
were carried out under the assumptions of the Special Report on Emission Scenario (SRES) A1B 
scenario (IPCC 2000). We have to cite the (Jacob et al, 2014) below to provide an explanation of 
the scenarios used: 

EUROCORDEX initiative is a part of the global CORDEX framework, and it provides regional climate projections 
for Europe at 50 km (EUR-44) and 12.5 km (EUR-11) resolution, thereby complementing coarser resolution data 
sets of former activities like, e.g., PRUDENCE and ENSEMBLES. The regional simulations are downscaling the 
new CMIP5 global climate projections (Taylor et al. 2012) and the new representative concentration pathways 
(RCPs) (Moss et al.2010; van Vuuren et al. 2011). Twenty-six modelling groups contributing 11 different regional 
climate models, partly in different model configurations, actively support EURO-CORDEX. 

We used for comparison the results obtained from the regional climate projections in the FP6 NSEMBLES project 
(Hewitt and Griggs 2004; van der Linden and Mitchell 2009).  

This scenario follows the storyline of the IPCC family of A1 scenarios. It assumes a rapid economic growth and 
development of technologies, with a worldwide population peaking in the middle of the twenty-first century, and a 
balanced use of energy resources. This scenario leads to a rapid increase in fossil CO2 emissions until 2050 and a 
decrease afterwards. As compared to other SRES scenarios, the CO2 emissions lie in the middle of the scenario 
range. 

EURO-CORDEX scenario simulations use the new Representative Concentration Pathways (RCPs) defined for the 
Fifth Assessment Report of the IPCC (Moss et al. 2010). In contrast to the SRES scenarios, RCP scenarios do not 
specify socioeconomic scenarios, but assume pathways to different target radiative forcing at the end of the twenty 
first century. For instance, scenario RCP8.5 assumes an increase in radiative forcing of 8.5 W/m2 by the end of the 
century relative to pre-industrial conditions. 

A comparison between the climate effects of SRES and RCP scenarios (Rogelj et al. 2012) indicates that the A1B 
scenario leads to a global mean temperature increase in the likely range of 2.8–4.2 C°, which approximates to RCP6 
and lies clearly between RCP4.5 and RCP8.5. 

References:  

Hewitt CD, Griggs DJ (2004) Ensembles-based predictions of climate changes and their impacts. Eos 85:566 

IPCC SRES (2000) In: Nakic´enovic´ N, Swart R (eds) Special Report on Emissions Scenarios: a special report of Working Group III of the 
Intergovernmental Panel on Climate Change. Cambridge University Press, UK 

Rogelj J, Meinshausen M, Knutti R (2012) Global warming under old and new scenarios using IPCC climate sensitivity range estimates. Nat 
Clim Change 2:248–253. doi:10.1038/NCLIMATE1385 

Moss RH, Edmonds JA, Hibbard KA, Manning MR, Rose SK, van Vuuren DP, Carter TR, Emori S, Kainuma M, Kram T, Meehl GA, Mitchell 
JFB, Nakicenovic N, Riahi K, Smith SJ, Stouffer RJ, Thomson AM, Weyant JP, Wilbanks TJ (2010) The next generation of scenarios for 
climate change research and assessment. Nature 463:747–756. doi:10.1038/nature08823 
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Taylor K, Stouffer RJ, Meehl GA (2012) An overview of CMIP5 and the experiment design. Bull Am Meteorol Soc 93:485–498. 
doi:10.1175/BAMS-D-11-00094.1 

Van der Linden P, Mitchell JFB (eds) (2009) ENSEMBLES: climate change and its impacts: summary of research and results from 
ENSEMBLES project. Met Office Hadley Centre, Exeter 

van Vuuren DP, Edmonds J, Kainuma M, Riahi K, Thomson A, Hibbard K, Hurtt GC, Kram T, Krey V, Lamarque J-F, Matsui T, Meinshausen 
M, Nakicenovic N, Smith SJ, Rose SK (2011) Representative concentration pathways: an overview. Climatic Change 109:5–31. 
doi:10.1007/s10584-011-0148-z 

 

The names of files with data from the above-mentioned 4 models follow the pattern of 
‘Global Circulation Model (GCM)_Regional Circulation Model (RCM)’. So, CNRM-
CM5_RCA4, that means that results of the GCM ‘CNRM-CM5’ were dynamically downscaled 
by the RCM RCA4. 

 The network of points of real hydro meteorological measurements is very poor in the 
catchment area of the Pregolya River. Therefore, the Watch ERA-Interim Forcing Data 
(WFDEI) interpolated to the standard EUR-44 CORDEX grid, was used as reference data for 
historical period (January 1, 1991 until December 31, 2010), and will be hereinafter referred to 
as WFDEI Re-analysis data.   

The scaling period for bias-correction were set to 01 January 1971 until 31 December 
2100.  Both temperature and precipitation were bias-corrected using the FORTRAN DBS 
program at revision 825. 

In case of simulation analysis of the climate impact calculated using a numerical model, 
the future climate shall always be compared not with real data obtained through measurements in 
this area, but the historical period which is also calculated using the same numerical model. It is 
only in the following that the analysis result expressed as a percentage change relative to the 
historical simulation period shall be used to describe the future climate, based upon actual 
measurements. This is done in order to eliminate the inevitable uncertainty that occurs between 
model results calculated with a large territorial coverage and the real data obtained for a 
particular part of the territory. 

Table 4.1. Overview of the global and regional climate models (GCM and RCM), the results of 
which were used in the present study  

File name Period until … GCM RCM Resolution RCP* 
    Degree km (lat x 

lon) 
 

Re-analysis       
CanESM2_RCA4 2100 CanESM2 RCA4 0.44 49 x 26.5   RCP8.5 

CM5A-MR_WRF 2100 CM5A_MR WRF-JPSL 0.44 49 x 26.5   RCP8.5 
CNRM-CM5_RCA4 2100 CNRM-CM5 RCA4 0.44 49 x 26.5   RCP8.5 

MPI-ESM-LR_CCLM 2100 MPI-ESM-LR CCLM 0.44 49 x 26.5   RCP8.5 

*RCP – Representative Concentration Pathway  
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Table 4.2. Summary of grid configurations and parameterisations for regional climate models, which 
results were used in the present study 

 RCA4 WRF CCLM 

Institution SMHI IPSL-INERIS CLMCOM1) 

Grid resolution 0.11 º x0.11º 0.11 º x0.11º 0.11 º x0.11º 

Grid (lat*lon) 438* 456 442 * 454  450*438 

Rotation 

lon -162°  

lat 39.25° 

CORDEX 
specifications 

lon -162°  

lat 39.25°  

Vertical levels 40 32 40 

Boundary layer scheme Cuxart et al 2000 YSU, Hong et al. 2006 Louis 1979 

Number of points (sponge zone) 10  12 

Convection 

Kain and Fritsch 1990, 1993; 
Kain 2004; 

Jones and Sanchez 2002 

Grell and Devenyi 
2002 

Tiedtke 1989 

Microphysics Rasch and Kristjánsson 1998 Hong et al. 2004 
Doms et al. 2007; Baldauf 
and Schulz 2004 

Radiation 

Savijärvi 1990; 

Sass et al. 1994 

RRTMG, Lacono et 
al, 2008 

Ritter and Geleyn 1992 

Land surface scheme Samuelsson et al. 2006 NOAH 
TERRA-ML Doms et al. 
2007 

Soil thermal layers 5 4 10 

Soil moisture layers 3 4 8 

Main references 
Samuelsson et al. 2011; 
Kupiainen et al. 2011 

Version 3.3.1, 
Skamarock et al. 2008 

Rockel et al. 2008; 
http://www.cosmo-
model.or 

1) Climate Limited-area of Modeling Community (http://www.clm‐community.eu) 
2) Simulation on MED-CORDEX domain 
3) 8 for temperature, humidity, surface pressure, 16 for horizontal wind components 

                   Therefore, we will further first discuss the difference between "real" (for us it is 

WFDEI Re-analysis data) and model data for the baseline period of 1991-2010, and then the 

difference relative to the reference period, caused by global climate change in the South-Eastern 

Baltic Region (four above-mentioned model scenarios for the forecast period of 2041-2060). On 

the basis of detected changes for the model solutions (between the reference historical period and 
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prognostic calculations) we shall make a conclusion about the expected changes of atmospheric 

parameters, specifically in the catchment area of the Pregolya River. 

4.1 Baseline period (reference conditions) 1991-2010 

         The location of the points where WFDEI Re-analysis data and data for climate scenario 

calculations are specified slightly varies (Fig. 4.1). For further analysis, we have selected closely 

located points from each set which are located on the northern border of the catchment area of 

the Pregolya River in the Russian side, 15 km north of the weather station of Chernyakhovsk 

(Fig. 4.1). This is point 45369 from a set of data points WFDEI Re-analysis and point SEB29 

(reference number used in the framework of a set of points) for climate projections, obtained in 

the framework of EUROCORDEX initiative (http://www.euro-cordex.net/).  

          Yearly average amount of precipitation for the period of 1991-2010 (Fig. 4.2, 4.3), 

calculated according to different forecast climate models is generally slightly (1.3–2.8%) higher 

than WFDEI Re-analysis data (table 4.3). Deviations for maximum and minimum values of 

climate forecasts from WFDEI Re-analysis data vary within wide limits from -0.2% to 8.3% and 

from -18.7% to -1.6% respectively. In addition, the extremes in WFDEI Re-analysis data or 

climate models data are achieved in different years and do not coincide. There is a slight trend of 

increase in precipitation amount (~4 mm/year) in WFDEI Re-analysis data. Trends in climate 

models have different values, CanESM2_RCA4 model shows a positive trend (+4.5 mm/year), 

whereas three other detect a negative one (-0.1 to (-3.5) mm/year. see table 4.3). 
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Figure 4.1 - Locations of grid points for WFDEI Re-analysis meteo data and scenario meteo 

data. Round circle marks the location of two selected analyzed points.  

 

Figure 4.2 - Variations of yearly average precipitation amount by Re-analysis, CanESM2_RCA4 

and CM5A-MR_WRF scenarios datasets (1991-2010). 
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Figure 4.3 - Variations of yearly average precipitation amount based on Re-analysis, CNRM-

CM5_RCA4 and MPI-ESM-LR_CCLM scenarios datasets (1991-2010). 

 

           Considering the intra-annual distribution of precipitation according to WFDEI Re-

analysis data (Fig. 4.4), there is a smooth change in precipitation amount during the year, its 

maximum (92 mm) occurs in August and minimum in April (43 mm). Accordingly, the summer 

season is the most humid period of the year, and the spring time is the most drought-affected. 

The whole winter period is characterized by negative temperature values, January can be 

considered the coldest month (-2.4°C). The warmest month is July (+18.4°C). The seasonal cycle 

can clearly be seen for temperature and precipitation. 

           Within the analyzed period (1991-2010), there are no consistent patterns observed 

between WFDEI Re-analysis data and model data based on precipitation amount; the correlation 

is weak (Fig. 4.5). It is impossible to conclude that any of the climate models systematically 

overestimates or underestimates WFDEI Re-analysis data. 
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Figure 4.4 - Climate diagram (mean monthly values) for the period of 1991-2010 by WFDEI Re-

analysis dataset: red line - temperature (°C), blue bars – monthly amount of precipitation (mm). 

Table 4.3. Yearly average precipitation amount for datasets of WFDEI Re-analysis and 

scenarios data (1991-2010) 

Dataset Annual average, mm (% 
bias from re-analysis) 

Trend 
(mm/year) 

Max, mm (% 
bias from re-
analysis) 

Min, mm (% 
bias from re-
analysis) 

Re-analysis 795 +4.1 1024 637 

CanESM2_RCA4 817 (+2.8%) +4.5 1063 (+3.8%) 627 (-1.6%) 

CM5A-MR_WRF 805 (+1.3%) -2.2 1079 (+5.4%) 604 (-5.2%) 

CNRM-CM5_RCA4 805 (+1.3%) -3.5 1022 (-0.2%) 518 (-18.7%) 

MPI-ESM-LR_CCLM 806 (+1.4%) -0.1 1109 (+8.3%) 562 (-11.8%) 
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 a) 
 b) 

 c) 
 d) 

Figure 4.5 - Regression diagram for precipitation amount between datasets of WFDEI Re-

analysis and scenarios (a) CanESM2_RCA4, (b) CM5A-MR_WRF, (c) CNRM-CM5_RCA4 and 

(d) MPI-ESM-LR_CCLM, 1991-2010, after excluding linear trends. 

 

          Yearly average air temperatures typical of the period of 1991-2010 (Fig. 4.6, 4.7), 

though calculated according to different forecast climate models, actually repeat WFDEI Re-

analysis data with exceedance of not more than 0.2% (Table 4.4). All the climate models slightly 

overestimate the maximum in average annual temperatures (from 4.5% to 8%) and provide 

different estimates for average annual minimum temperatures (from -8.5% to 13.6%). As well as 

in the case of precipitation, extremes for WFDEI Re-analysis or climate models are achieved in 
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different years and do not coincide. Time trend for both WFDEI Re-analysis data and climate 

models is positive.  

.  

 

Figure 4.6 - Yearly average temperature variations based on Re-analysis, CanESM2_RCA4 and 

CM5A-MR_WRF scenarios datasets (1991-2010). 

 

Figure 4.7 - Yearly average temperature variations based on Re-analysis, CNRM-CM5_RCA4 

and MPI-ESM-LR_CCLM scenarios datasets (1991-2010). 
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Table 4.4. Yearly average temperature for datasets of WFDEI Re-analysis and scenarios 

data (1991-2010) 

Dataset Average, °C (% 
bias from re-

analysis) 
Trend, °C/year 

Max, °C (% bias 
from re-analysis) 

Min, °C (% bias 
from re-analysis) 

Re-analysis 7.8 +0.01 8.8 5.9 

CanESM2_RCA4 7.8 (+0.1%) +0.04 9.2 (+4.5%) 6.7 (+13.6%) 

CM5A-MR_WRF 7.8 (+0.0%) +0.09 9.2 (+4.5%) 5.8 (-1.7%) 

CNRM-CM5_RCA4 7.8 (+0.2%) +0.02 9.4 (+6.8%) 5.5 (-8.5%) 

MPI-ESM-LR_CCLM 7.8 (+0.2%) +0.03 9.5 (+8%) 6.5 (+10.2%) 

 

          Within the analyzed period (1991-2010), patterns of progress between the temperature 

data series WFDEI Re-analysis and model solutions are not observed, and the correlation is weak 

(Fig. 4.8). Model CanESM2_RCA4 and MPI-ESM-LR_CCLM systematically overestimate the 

data WFDEI Re-analysis. 

          However, despite the lack of correlation between WFDEI Re-analysis data and model 

data, average values of the precipitation amount per year and average annual temperatures differ 

slightly: 1.3-2.8% for precipitation amount and up to 0.2% for annual average temperatures. In 

addition, the intra-annual distribution of both parameters (climatic diagrams for model 

projections) is virtually identical to WFDEI Re-analysis data. 

          Therefore, the use of climate model data is possible as input meteorological conditions for 

modeling future predictions of changes in hydrological characteristics. 
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 a)  b) 

 c)  d) 

Figure 4.8 - Regression diagrams for yearly average temperatures between datasets of WFDEI 

Re-analysis and scenarios (a) CanESM2_RCA4, (b) CM5A-MR_WRF, (c) CNRM-CM5_RCA4 

and (d) MPI-ESM-LR_CCLM, 1991-2010, after excluding linear trends. 

4.2 Short-term projections (2041-2060) 

          Yearly average amount of precipitation for the period of 2041-2060, calculated based on 

the above-listed forecast climate models, exceed model data of the baseline period by 4-26%. 

The minimum increase in precipitation amount (+4.5%) is typical of the model projection 

CanESM2_RCA4, and the maximum (+25.6%) - for the projection CNRM-CM5_RCA4 (table 

4.3). Maximum and minimum values of annual precipitation amounts have a greater variation, 

ranging from +0.4% to +33.3% and from +0.4% to +36.1%, respectively. As for the baseline 
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period, the extremes in climate projections obtained from different models are achieved in 

different years and do not coincide (Figures 4.9, 4.10). Despite the fact that all climate 

projections are characterized by an increase in precipitation amount relative to the baseline 

period, within the forecast period (2041-2060), there are different trends of increasing/decreasing 

in precipitation amount. The increase in precipitation is forecasted only by the model CNRM-

CM5_RCA4 (+3.2 mm/year), other three show a downward trend in precipitation during the 

periods (reduction from 2 to 15 mm/year) (see table 4.5). 

 

Table 4.5. Yearly average precipitation amount for datasets of scenarios data (2041-2060) 

Dataset Average, mm (% bias 
from re-analysis) 

Trend 
(mm/year)

Max, mm (% bias 
from re-analysis) 

Min, mm (% bias 
from re-analysis) 

CanESM2_RCA4 854 (+4.5%) -2.1 1067 (+0.4%) 703 (+12.1%) 

CM5A-MR_WRF 925 (+14.9%) -15.5 1177 (+9.1%) 606 (+0.4%) 

CNRM-CM5_RCA4 1011 (+25.6%) +3.2 1362 (+33.3%) 705 (+36.1%) 

MPI-ESM-LR_CCLM 865 (+7.4%) -7.6 1123 (+1.3%) 646 (+14.8%) 

 

 

 

Figure 4.9 - Variations of yearly average precipitation amount by CanESM2_RCA4 and CM5A-

MR_WRF scenarios datasets (2041-2060) 
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Figure 4.10 - Variations of yearly average precipitation amount by CNRM-CM5_RCA4 and 

MPI-ESM-LR_CCLM scenarios datasets (2041-2060). 

 

           Yearly average air temperatures calculations for the period of 2041-2060 (Figure 4.11, 

4.12) increase up to the average annual values of 9.1-9.9°C, which in relative values may amount 

to 17-30% in respect of the historical (1991-2010) period (table 4.6). Thus, the maximum in 

annual average temperatures may increase by 8-24% and the minimum of average temperatures 

by 12-37%. The time trend for all climate models is positive and can amount from 0.03°C to 

0.1°C per year.  

 

 

Figure 4.11 - Yearly average temperature variations by CanESM2_RCA4 and CM5A-MR_WRF 

scenarios datasets (2041-2060). 
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Figure 4.12 - Yearly average temperature variations by CNRM-CM5_RCA4 and MPI-ESM-

LR_CCLM scenarios datasets (2041-2060). 

 

Table 4.6. Yearly average temperature for datasets of scenarios data (2041-2060) 

Dataset Average, °C (% bias 
from re-analysis) 

Trend, 
°C/year 

Max, °C (% bias 
from re-analysis) 

Min, °C (% bias 
from re-analysis) 

CanESM2_RCA4 9.9 (+26.9%) +0.03 11.4 (+23.5%) 8.6 (+28.6%) 

CM5A-MR_WRF 9.1 (+17.4%) +0.03 10.4 (+12.5%) 6.5 (+11.8%) 

CNRM-CM5_RCA4 9.4 (+21.4%) +0.1 10.9 (+16.2%) 7.4 (+36.7%) 

MPI-ESM-LR_CCLM 9.3 (+19.7%) +0.05 10.2 (+7.8%) 8.2 (+27.1%) 

 

4.3 Expected changes in air temperature and precipitation for the 
Pregolya River catchment. 

           The intra-annual distribution of precipitation and temperature, obtained within climate 

projections and averaged over the period of 1941-1960, differs from both the data of 1991-2010, 

and between the individual models. Projected future scenarios of climate change show a 

pulsating change in precipitation from month to month, there is a shift of maximum and 

minimum values relative to the baseline historical period (Figure 4.13).  
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a) 

 

b) 

 

c) 

 

d) 

Figure 4.13 - Climate diagrams (mean monthly values) for period 2041-2060 for scenarios of (a) 

CanESM2_RCA4, (b) CM5A-MR_WRF, (c) CNRM-CM5_RCA4 and (d) MPI-ESM-

LR_CCLM: red line - temperature (°C), blue bars – monthly sum of precipitation (mm).  

        In general, the maximum precipitation amount for all model solutions is typical of summer. 

The seasonal cycle, in contrast to the reference period (Fig. 4.4) is not clearly evident. Thus, the 

minimum of precipitation in all scenarios occurs in March or April.  
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Table 4.7. Extremes of precipitation and temperature for datasets of scenarios data (2041-

2060) 

Model-scenario Precipitation Temperature 

Minimum Maximum Minimum Maximum 

 month mm month mm month °C month °C 

Baseline (1991-2010) Apr 43 Aug 92 Jan -2.4 Jul +18.4 

CanESM2_RCA4 Nov 44 Jul 101 Jan -0.4 Aug +21.2 

CM5A-MR_WRF Mar 57 Jul 103 Dec -1.2 Jun +20.0 

CNRM-CM5_RCA4 Mar 65 Aug 122 Jan +0.2 Jul +19.6 

MPI-ESM-LR_CCLM Dec 61 Aug 95 Jan -1.4 Jul +19.7 

 

4.4 Spatial variations of expected changes in air temperature and 
precipitation for the Pregolya River catchment. 

         In order to determine spatial variations for arising differences between temperature and 

precipitation in the baseline (1991-2010) and projected periods (2041-2060), annual average 

fields for temperature and precipitation were analyzed, which had been obtained in all four 

model projections. Fig. 4.14 and 4.15 reflect spatial distribution of temperature and precipitation 

in the region where the Pregolya River catchment is located for the period of 1991-2010. Similar 

distribution for the period of 2041-2060 is shown in Fig. 4.16 and 4.17. The difference between 

these spatial distributions turned not to be zero and different for four used climate model 

projections. Fig. 4.18 and 4.19 present fields for the difference between the climate projection 

and the reference period.  

          All climate projections for the catchment area of the Pregolya River give a temperature 

increase by 1.2 °C (CM5A-MR_WRF) – 2.1 °C (CanESM2_RCA4), and an increase in 

precipitation by 20 mm/year (MPI-ESM-LR_CCLM) – 200 mm/year (CNRM-CM5_RCA4) that 

is 10-25% of change relative to the reference period. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 4.14 – Spatial distribution of yearly average temperature in the area of the Pregolya River 
catchment for the period 1991-2010 for scenarios (a) CanESM2_RCA4, (b) CM5A-MR_WRF, (c) 
CNRM-CM5_RCA4 and (d) MPI-ESM-LR_CCLM. 
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(a)

 

 

(b) 

(c) 

 

(d) 

Figure 4.15 – Spatial distribution of yearly average precipitation in the area of the Pregolya River 
catchment for the period of 1991-2010 for scenarios (a) CanESM2_RCA4, (b) CM5A-MR_WRF, (c) 
CNRM-CM5_RCA4 and (d) MPI-ESM-LR_CCLM. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 4.16 – Spatial distribution of yearly average precipitation in the area of the Pregolya River 
catchment for the period of 2041-2060 for scenarios (a) CanESM2_RCA4, (b) CM5A-MR_WRF, (c) 
CNRM-CM5_RCA4 and (d) MPI-ESM-LR_CCLM. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 4.17 – Spatial distribution of yearly average precipitation in the area of the Pregolya River 
catchment for the period of 2041-2060 for scenarios (a) CanESM2_RCA4, (b) CM5A-MR_WRF, (c) 
CNRM-CM5_RCA4 and (d) MPI-ESM-LR_CCLM. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 4.18 – Spatial distribution of difference between yearly average temperature in the area of the 
Pregolya River catchment for the projection (2041-2060) and reference period (1991-2010) for scenarios 
(a) CanESM2_RCA4, (b) CM5A-MR_WRF, (c) CNRM-CM5_RCA4 and (d) MPI-ESM-LR_CCLM. 
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(a) 

 

(b) 

 

(c) 

 

(d) 

 

Figure 4.19 – Spatial distribution of difference between yearly average precipitation in the area of the 
Pregolya River catchment for the projection (2041-2060) and reference period (1991-2010) for scenarios 
(a) CanESM2_RCA4, (b) CM5A-MR_WRF, (c) CNRM-CM5_RCA4 and (d) MPI-ESM-LR_CCLM. 

4.5 Uncertaincy in atmospheric forcing for 2041-2060. 

The uncertainty of changes in meteorological characteristics for climate period 2041-2060 in 

comparison to baseline period 1991-2010 is described by the range obtained by above mentioned 

projections made for 2041-2060. Tthe precipitation will increase, and the range of changes will be from 

+59 mm (+7%) to +216 mm (+27%). The mean annual air temperature will increase by 1.3 – 2°C. 
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Table 4.20. Main meteorological characteristics (Value) of the catchment area of the Pregolya River for 

climate projections (2041-2060) and their relative changes (∆) in percentage with signs (+)/(-), which 

denote an increase or decrease of the average value of a parameter relative to the baseline period 1991-

2010. 

Parameters 
Baseline, 

1991-2010 
Climate projection, 2041-2061  

Min Max 

Value Value ∆ % Value ∆ % 

Precipitation, mm 795 854 +59 +7 1011 +216 +27 

Temperature, °C 7.8 9.1 +1.3 – 9.8 +2 – 
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5. Socio-economic scenarios (Gorbunova J., Chubarenko B.) 

The main characteristics of the socio-economic scenarios which will be used in the Soils2Sea 

are the following: 

- Baseline period (present situation) is characterised by the information for time slice: 

population of the Russian part of the catchment (Kaliningrad Oblast) - 2014, population 

of the Polish part (2011-2014), land use and agriculture of both parts – 2014; 

- Scenario BAU (Business as usual) up to 2020 

- Scenario DF (Documented future) up to 2020 

- Scenario GoAP (elements of introducing of good agricultural practice applicable to the 

practice of the Russian Federation) up to 2020 

All the existing local plans of socio-economic development declare the high growth of 

agriculture for the Russian part of the catchment and rather small grouth for the Polish part. 

Developement plans for the Russian part don’t include any concrete measures for reducing the 

nutrient load. Therefore the modeling study will give a quantitative estimation of possible 

increase in the nutrient load followed the agriculture development while no reduction measures 

are implemented. Based on this information we can quantitatively formulate the environmental 

targets to follow in the future to combine both – to provide for agricultural economic growth and 

keep or even reduce the nutrient load from the Pregolya catchment.  

The main idea of scenario modeling is presented in Figure 5.1. The basic model run series 

(“0”) will be made for the baseline climate (1991-2010) and baseline socioeconomic conditions 

(2014).  

The model run “1” will cover the future climate (2041-2060) and present socioeconomic 

conditions (2014).  

Each scenario (BAU, DF, GoAP) includes changes in basic socio-economic drivers – 

land use structure, agriculture practice and intensity, point sources (WWTPs). It is expected that 

model runs will be carried out for all these scenarios separately; and inter-comparison of them 

will provide a basis for recommendations: 
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- Model run ‘2’ will test changes according to keeping present trends (3 years: 2012-2014) 

in socio-economic drivers (scenario BAU); 

- Model run ‘3’ will test changes according to documented plans for socio-economic 

drivers (scenario DF); 

- Model run ‘4’ will test changes according to implementation of some elements of good 

agricultural practice (scenario GoAP). 

 

All scenarios for possible socio-economic development (BAU, DF, GoAP) will be 

analyzed for the current climate conditions as all of them are referred to be implemented up to 

2020, not for the period of 2041-2060. 

 

 

Figure 5.1. Principle scheme of model runs of climate and socio-economic scenarios for 
the Pregolya River catchment. 

5.1 Methodology of nutrient load assessment 

Two main groups of point sources of nutrients were considered: 

- Population (urban and rural) 
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- Livestock and poultry farming (cattle, pigs, sheep and goats, poultry). 

We have introduced the set of parameters (Tables 5.4) that will afterwards characterize the 
scenarios considered. 

 

5.1.1. Population (municipal wastewater treatment plants and local on-site wastewater 
treatment) 

The amount of nitrogen and phosphorus emission from the population has been 
calculated on the basis of the population size, standards of emission per person and wastewater 
treatment techniques.  

Types of waste waters assigned for the Pregolya River catchment are presented in Table 
5.1. 

 

Table 5.1. Parameters to describe the population connected to different types of sewage 
systems in the Pregolya River catchment 

Types of waste waters Parameter 

Urban Population: 
 - UP connected to the sewerage system: 
  - Mechanical treatment,  
  - Mechanical + Biological treatment,  
  - Mechanical + Biological + Chemical treatment +  
                         Nitrogen removal; 

- UP without sewerage system: 
             - on-site wastewater treatment is assumed as an 
               infiltration bed 
             - individual wastewater treatment system 

 

UP 
UPS 
UPSM 
UPSB 
UPST 
 
 
UPN 
 

Rural Population: 
RP connected to the sewerage system: 

   - Mechanical treatment 
RP without sewerage system: 
   - on-site wastewater treatment is assumed as 
                        an infiltration bed 

RP 
 
RPSM 
 
 
RPN 

 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

75 

 

5.1.2. Gross emissions and treatment parameters for municipal wastewater treatment plants 
and local on-site wastewater treatment 

The gross emission and treatment parameters for wastewater treatment plants that were used are 
shown in Tables 5.2 and 5.3. 

Table 5.2. Gross emission of total N and P per person (Nutrient …, 2009) 

Parameter Daily quantity, grams per person per day 
N tot 13.5 
P tot 2.1 

 

Table 5.3. Assumed treatment parameters for municipal wastewater treatment plants and local 
on-site wastewater treatment 

 
Treatment type 

Removal rate(%) 
N total  P total 

Mechanical 15 19 
Mechanical + Biological 35 38 
Mechanical + Biological + chemical treatment + nitrogen removal 93 70 
Population without any sewerage system (=‘Infiltration bed’) 88 76 
 

5.1.3. Livestock and poultry farming 

The annual load of nitrogen and phosphorus was determined in the calculations of 
nutrients input from the livestock according to the daily manure production per animal, mass loss 
during storage, content of nutrients in manure, loss of nitrogen during storage, number of 
livestock and poultry at the farms, enterprises and households. 

The emission of nitrogen and phosphorus was calculated for the whole livestock and 
poultry including pasture farming. Due to the absence of reliable data on the pastures areas for the 

Russian part of the Pregolya River catchment, all of the potential pasture lands were appointed as 
“open lands” in the Hype Model Land Use data, and the emission from the pasture farming was 
considered in the Hype Model as “Rural point sources”. The same method was used for the Polish part to 
follow the unified methodology. The duration of grazing period for the whole Vistula Lagoon catchment 
amounted to 7 months.  

The emission of nitrogen and phosphorus from stabling farming was divided into ‘organic 
fertilizers’ and ‘Rural point sources’ due to the assumption that not all the produced manure is used 
for arable land (Table 5.4). 
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5.1.4. Ways of manure use depending on the type of farming (Table 5.4) 

Table 5.4. Parameters describing the ways of manure use depending on the type of farming 

Farming type Way of manure use Para-
meter 

Dimen-
sion 

Cattle in enterprises 
and farmers 

 
- Stabling farming (duration: 12 months): 
            - emission goes to “Fertilizers”  
            - emission goes to “Rural point sources” 
                                      FCES + ACES = 1 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              emission goes to “Rural point sources”;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - emission goes to “Fertilizers”   
           - emission goes to “Rural point sources” 

                                FCEM + ACEM = 1 

CE 
 
CES 
FCES 
ACES 
CEM 
 
 
 
FCEM 
ACEM 

Head 
 
Head 
Non-dim. 
Non-dim. 
Head 
 
 
 
Non-dim. 
Non-dim. 

Cattle in house-
holds 

 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
      emission goes to “Rural point sources”; 
    - stabling period (No, De, Ja, Fe, Ma): 
           - emission goes to “Fertilizers”   
           - emission goes to “Rural point sources” 
                                       FCH + ACH = 1 

CH 
 
CH 
 
 
FCH 
ACH 

Head 
 
Head 
 
 
Non-dim. 
Non-dim. 

Pigs, 
enterprises and 
farmers 

 
- Stabling (duration: 12 months): 
           - emission goes to “Fertilizers”   
           - emission goes to “Rural point sources” 
                                       FPE + APE = 1 

PE 
 
FPE 
APE 

Head 
 
Non-dim. 
Non-dim. 

Pigs, 
house-holds 

 
- Stabling (duration: 12 months): 
           - emission goes to “Fertilizers”   
           - emission goes to “Rural point sources” 
                                       FPH + APH = 1 

PH 
 
FPH 
APH 

Head 
 
Non-dim. 
Non-dim. 

Sheep and goats, 
enterprises and 
farmers 

 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
      emission goes to “Rural point sources”; 
    - stabling period (No, De, Ja, Fe, Ma): 
           - emission goes to “Fertilizers”   

SE 
 
 
 
 
FSE 

Head 
 
 
 
 
Non-dim. 
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           - emission goes to “Rural point sources” 
                                       FSE + ASE = 1 

ASE 
 

Non-dim. 

Sheep and goats, 
house-holds 

 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
       emission goes to “Rural point sources”;     
    - stabling period (No, De, Ja, Fe, Ma): 
           - emission goes to “Fertilizers”   
           - emission goes to “Rural point sources” 
                                       FSH + ASH = 1 

SH 
 
 
 
 
FSH 
ASH 

Head 
 
 
 
 
Non-dim. 
Non-dim. 

Poultry, 
enterprises and 
farmers 

 
- Stabling (duration: 12 months): 
            - emission goes to “Fertilizers”    
           - emission goes to “Rural point sources” 
                                       FHE + AHE = 1 

HE 
 
FHE 
AHE 
 

Head 
 
Non-dim. 
Non-dim. 

Poultry, house-holds  
- Stabling (duration: 12 months): 
           - emission goes to “Fertilizers”    
           - emission goes to “Rural point sources” 
                                       FHH + AHH = 1 

HH 
 
FHH 
AHH 

Head 
 
Non-dim. 
Non-dim. 
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5.1.5. Rates of emissions 

The ratios for calculations of nutrients input from the livestock: daily manure production 
per animal, mass loss during storage, content of nutrients in manure, loss of nitrogen during 
storage are presented in Table 5.5. 

 

Table 5.5. The ratios used for calculation of the nitrogen and phosphorus emission from 
the livestock and poultry 

Unit Slurry 
per unit  

Mass 
loss 
during 
storage 
(drying) 

Content 
of 
nitrogen 
in  dry 
manure 

Emission 
of nitrogen 
per unit 
total 

Emission of 
nitrogen 
per unit 
after the 
loss during 
storage 
(vitalization 
NH4) 

Content of 
phosphorus 
in dry 
manure 

Emission 
of 
phosphorus 
per unit 

 kg/year % % kg/year kg/year % kg/year 
Cow 30500 25 0,46 106,1 90,2 0,07 15,7 
Sow  3990 15 0,39 13,1 11,2 0,09 3,1 
Hen  380 25 4,08 11,6 9,9 1,39 4,0 
Sheep 1130 25  15,7 13,3  3,1 

 

5.2 Baseline period (land use and population in the region) 

The Pregolya River basin is located in an agriculturally developed area, especially the 

Polish part of the basin. Thus the population, livestock including poultry breeding and crop 

production are the main point sources of nutrients in the Pregolya River catchment area. 

The Russian part of the catchment is a primarily rural area. Large industry facilities, such 

as Kaliningrad pulp and paper mills, have not operated since the 2000s. Agriculture, which came 

into decay in the 1990s-2000s, has intensified slightly in recent years. Agricultural development 

is now one of the priorities of the Kaliningrad Oblast policy. 

Kaliningrad, the largest city of the region, is situated in the mouth of the river. 

Kaliningrad sewages are discharged directly to the Vistula Lagoon bypassing the Pregolya River. 

Therefore, the population of the Kaliningrad is not considered to contribute to the nutrient load 

in the Pregolya River catchment calculations. 
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The data were obtained from archives and electronic databases of the Territorial 

Authority of the Federal State Statistics Service in the Kaliningrad Oblast and Statistical Office 

in Olsztyn (http://kaliningrad.gks.ru, http://olsztyn.stat.gov.pl) as well as from literature. 

5.2.1. Population 

In order to calculate the emission of nutrients from the population on the Polish and 

Russian parts for the catchment, a complete list of all localities with a number of inhabitants was 

compiled (the data are geographically referenced) using the statistical data (Rural settlements, 

http://kaliningrad.gks.ru, http://olsztyn.stat.gov.pl) 

There are about 670,000 inhabitants in the Russian part and 460,000 inhabitants in the 

Polish part of the Pregolya River catchment. The majority of people in the Russian part reside in 

Kaliningrad (450,000 people) (Table. 5.6). 

Table 5.6. Population and its movement within the Pregolya River catchment area in the 
Kaliningrad Oblast (KO) and Warmian-Masurian Voivodeship (WMV) 

Indicator KO (2014) WMV (2012-2014) 

 
Population 

total 
Including 

rural 
Population 

total 
Including 

rural 

Population, persons 673298* 
224750** 

92862 459360 158986 

Natural increase (per 1000 
population per year***) 

-1,5 -2,3 0,6 0,0 

Balance of migration (per 1000 
population per year***) 

6,8 6,3 -1,8 -2,0 

* number of population including Kaliningrad;   ** number of population excluding Kaliningrad; 

*** statistical data for the Kaliningrad Oblast and Warmian-Masurian Voivodeship on the 
whole. 

 

5.2.2. Population – municipal wastewater treatment plants and local on-site wastewater 

treatment 

Ninety per cents (90%) of urban population and 30% of inhabitants in rural areas of the 

Russian part of the catchment are connected to the sewerage network (Sewerage in the 

Kaliningrad Oblast, 2014), while the corresponding numbers in the Polish part are 97% and 43%, 
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respectively (Statistical Yearbook… 2015). Three cities in the Russian part of the catchment have 

biological treatment systems: Guryevsk (50% of discharge), Krasnoznamensk (80%), Gusev 

(100%) (Sewerage… 2014). Nearly all wastewaters (98%) in the Polish part are treated 

(Statistical Yearbook 2015). Ten cities and towns in the Polish part of the catchment have 

biological treatment systems. Wastewater treatment plants of the largest city in the Polish part, 

Olsztyn, are equipped with mechanical, biological, chemical treatment and nitrogen removal 

system (100% of discharges). The number of people who use different types of waste waters is 

presented in Table 5.7. 

Table 5.7. Baseline period: quantitative parameters to describe the population (number of 
persons) connected to different types of sewage systems in the Pregolya River catchment in 
Kaliningrad Oblast (KO) and Warmian-Masurian Voivodeship (WMV)  

Types of waste waters Parameter KO WMV 
Urban Population: 
 - UP connected to the sewerage system: 
  - Mechanical treatment,  
  - Mechanical + Biological treatment,  
  - Mechanical + Biological + Chemical  
                          treatment + Nitrogen removal; 

- UP without any sewerage system: 
             - on-site wastewater treatment is assumed as  
                an infiltration bed 
             - individual wastewater treatment system 

UP 
UPS 
UPSM 
UPSB 
 
UPST 
 
 
UPN 
 

131888 
118699 
83377 
35322 
 
0 
 
 
13189 
0 

300374 
296606 
13369 
108462 
 
174775 
 
 
3768 
0 

Rural Population: 
- RP connected to the sewerage system: 

  - Mechanical treatment 
- RP without any sewerage system: 

- on-site wastewater treatment is assumed as an 
infiltration bed 

RP 
 
RPSM 
 
 
RPN 

92862 
 
27859 
 
 
65003 

158986 
 
68364 
 
 
90622 

 

5.2.3. Livestock and poultry farming 

The livestock (cattle, pigs, goats and sheep) and poultry number were estimated based on 

statistical data for administrative districts (Agriculture 2014; Statistical Yearbook, 2015). A 

geographically referenced list of livestock and poultry enterprises and farms was compiled for 

the Russian part of the catchment, while the general statistical data for Warmian-Masurian 

Voivodeship was applied for the Polish part.   
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Livestock in households in the Russian part was calculated according to their rural 

population (Rural settlements: 2014). The livestock and poultry in households in the Polish part 

were estimated per sub-basins as a share of the total number in Warmian-Masurian Voivodeship 

in proportion to the sub-basin area (Table 5.8).  

The total amount of cattle in the Polish part is almost 3 times bigger than in the Russian 

part of the catchment (143.7 and 56.0 thousand respectively). The number of pigs in the Polish 

part is almost 1.3 times bigger than in the Russian part (165.7 and 127.7 thousand respectively) 

(Agriculture 2014; Statistical Yearbook, 2015). According to data of 2014, the largest amount of 

cattle and pigs in the Russian part was at the agricultural enterprises, while as early as in (2011), 

the number of cattle in households was almost equivalent to the number at agricultural 

enterprises, 45% and 51% respectively. The number of poultry in the Russian part is the same as 

in the Polish part (1990.9 and 1954.9 thousand respectively). The poultry in the Russian part is 

mainly represented by chicken, while half of the number in the Polish part is turkey. 

 

Table 5.8. Baseline period: livestock and poultry farming in the Pregolya River catchment area 
in the Kaliningrad Oblast (KO) and Warmian-Masurian Voivodeship (WMV) 

Livestock and poultry farming KO (2014) WMV (2014) 

Cattles [thousands] 56.0 143.7 

Pigs [thousands] 127.7 165.7 

Sheep and Goats, [thousands] 47.0 4.1 

Poultry [thousands] 1990.9 1954.9 

 

The emission of nitrogen and phosphorus from stabling farming in the Polish part was 

accounted as ‘Organic fertilizers’ in the Hype model. For the Russian part, the nutrient emission 

from stabling farming was divided into ‘Organic fertilizers’ and ‘Rural point sources’ due to the 

assumption that not all the produced manure is used for arable land: 60 % of the manure produced 

by enterprises was used as ‘Organic fertilizers’ and the rest was attributed as ‘Rural point sources’ (Table 

5.9). The emission of nitrogen and phosphorus from different types of farming is presented in Fig. 

5.2 and 5.3. 
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Table 5.9. Baseline period: Quantitative values of parameters to describe the ways of manure use 
depending on the type of farming in the Kaliningrad Oblast (KO) and Warmian-Masurian 
Voivodeship (WMV). 

Farming 
type 

Way of manure use Para-
meter 

KO WMV 

Cattle, 
enterprises 
and farmers 

 
 
 
- Stabling farming (duration: 12 months): 
            - fertilizers and  
            - rural point sources  
                                      FCES + ACES = 1 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 

                                FCEM + ACEM = 1 

CE 
 
 
CES 
FCES 
ACES 
 
CEM 
 
 
 
FCEM 
ACEM 

44245 
 
 
22123 
0.6 
0.4 
 
22122 
 
 
 
0.6 
0.4 

143653 
 
 
71827 
1 
0 
 
71826 
 
 
 
1 
0 
 

Cattle, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FCH + ACH = 1 

CH 
 
 
 
FCH 
ACH 

11736 
 
 
 
0 
1 

0 
 
 
 
 
 
 

Pigs, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FPE + APE = 1 

PE 
FPE 
APE 

1235460.

0.6 

0.4 

165681 
1 
0 

Pigs, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FPH + APH = 1 

PH 
FPH 
APH 

4145 
0 
1  

0 
 
 
 

Sheep and 
goats, 
enterprises 
and farmers 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FSE + ASE = 1 

SE 
 
 
 
FSE 
ASE 
 

2800 
 
 
 
0.6 
0.4 
 

4079 
 
 
 
1 
0 
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Sheep and 
goats, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FSH + ASH = 1 

SH 
 
 
 
FSH 
ASH 

44154 
 
 
 
0 
1 

0 
 
 
 
 

Poultry, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FHE + AHE = 1 

HE 
FHE 
AHE 
 

1831782 
0.6 
0.4 
 

1954912 
1 
0 
 

Poultry, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FHH + AHH = 1 

HH 
FHH 
AHH 

159069 
0.6 
0.4 

0 
 
 

 

 

Figure 5.2. Emission of nitrogen and phosphorus from different types of farming (cattle and pigs) 
in the baseline period 
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Figure 5.3. The emission of nitrogen and phosphorus from different types of farming (sheep, 
goats and poultry) in the baseline period 

5.2.4. Land use 

The land use categories are presented in Table 5.10.  

Table 5.10. Baseline period: land of different categories in the Pregolya River catchment area in 
the Kaliningrad Oblast (KO) and Warmian-Masurian Voivodeship (WMV) 

Land types  
KO WMV 

Area
[km2]  

The proportion 
of the total area 
[%] 

Area 
[km2]  

The proportion of 
the total area [%] 

Agricultural land - Permanent crops 69.1 1.0 0.6 0.01

Agricultural land – rainfed 1451.4 21.6 4052.6 53.4

Broad leaved forest 24.4 0.4 387.9 5.1

Lakes 37.1 0.6 336.9 4.4

Mixed forest 1134.6 16.9 872.7 11.5

Needle leaved forest 56.3 0.8 783.1 10.3

Open with vegetation 3435.5 51.2 921.2 12.1

Open without vegetation 5.8 0.1 7.5 0.1

Rivers 10.2 0.2 1.0 0.01

Sealed urban area 285.0 4.2 183.4 2.4

Wetland 204.1 3.0 37.8 0.5
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5.3 Scenario “Business as usual (BAU)”  

The Scenario “Business as usual (BAU)” assumes preservation of the observed 5-years 
trend in the development of agriculture and population (2010-2014). Figures 5.2 – 5.7 present 
variations in the area of arable land, number of cattle and pigs for both Russian and Polish parts 
of the catchment. These statistical data were obtained for the Russian part of the catchment – via 
State Statistics Service for the Kaliningrad Oblast of the Russian Federation, and from FAO 
database (http://www.fao.org/) for the Polish part of the catchment. The percentage of changes 
for all quantitative characteristics (for the Kaliningrad Oblast and Warmian-Masurian 
Voivodeship) for the scenario “Business as usual (BAU)” in comparison with baseline period is 
presented in Table 5.11. 
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Figure 5.4. Trends in the area of arable land in the Kaliningrad Oblast according to the 
Territorial Authority of Federal State Statistics Service 
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Figure 5.5. Trends in the number of cattle in the Kaliningrad Oblast according to the 
Territorial Authority of Federal State Statistics Service 
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Figure 5.6. Trends in the number of pigs in the Kaliningrad Oblast according to the 
Territorial Authority of Federal State Statistics Service 
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Figure 5.7. Trends in the area of arable land in Poland according to the FAO data 
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Figure 5.8. Trends in the number of cattle in Poland according to the FAO data 
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Figure 5.9. Trends in the number of pigs in Poland according to the FAO data 
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Table. 5.11. The percentage of changes of all quantitative characteristics (for the Kaliningrad 
Oblast and Warmian-Masurian Voivodeship) for the scenario “Business as usual (BAU)” in 
comparison with the baseline period  

Parameter BAU 
KO WMV 

Population +25% -6% 

Arable +5% 0% 

Livestock 
Cattle +15% 0% 

Pigs +15% 0% 

Poultry 0% 0% 

 

Table 5.12. BAU scenario: quantitative parameters to describe the population (number of 
persons) connected to different types of sewage systems in the Pregolya River catchment in 
Kaliningrad Oblast (KO) and Warmian-Masurian Voivodeship (WMV) 

 Parameter KO WMV 
Urban Population: 
 - Connected to the sewerage system: 
  - Mechanical treatment,  
  - Mechanical + Biological treatment,  
  - Mechanical + Biological + Chemical 
treatment + Nitrogen removal; 

- Population without any sewerage system: 
- on-site wastewater treatment is assumed as an 

infiltration bed 
             - individual wastewater treatment system 

UP 
UPS 
UPSM 
UPSB 
 
UPST 
 
 
UPN 
 

164860 
148374 
104221 
44153 
0 
 
 
 
16486 
 

282352 
278810 
12567 
101954 
164289 
 
 
 
3542 
 

Rural Population: 
Connected to the sewerage system: 

   Mechanical 
Population without any sewerage system: 

on-site wastewater treatment is assumed as an 
infiltration bed 

RP 
 
UPSM 
 
 
RPN 

116078 
 
34824 
 
 
81254 

149447 
 
64262 
 
 
85185 
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Table 5.13. BAU scenario: Quantitative parameters to describe the ways of manure use 
depending on the type of farming in the Kaliningrad Oblast (KO) and Warmian-Masurian 
Voivodeship (WMV) 

Farming 
type 

Way of manure use Para-
meter 

KO WMV 

Cattle, 
enterprises 
and farmers 

 
 
 
- Stabling farming (duration: 12 months): 
            - fertilizers and  
            - rural point sources  
                                      FCES + ACES = 1 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 

                                FCEM + ACEM = 1 

CE 
 
 
CES 
FCES 
ACES 
 
CEM 
 
 
 
FCEM 
ACEM 

52642 
 
 
30520 
0.6 
0.4 
 
22122 
 
 
 
0.6 
0.4 

143653 
 
 
71827 
1 
0 
 
71826 
 
 
 
1 
0 
 

Cattle, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FCH + ACH = 1 

CH 
 
 
 
FCH 
ACH 

11736 
 
 
 
0 
1 

0 
 
 
 
 
 
 

Pigs, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FPE + APE = 1 

PE 
FPE 
APE 

1254605
0.6 
0.4 

165681 
1 
0 

Pigs, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FPH + APH = 1 

PH 
FPH 
APH 

4145 
0 
1  

0 
 
 
 

Sheep and 
goats, 
enterprises 
and farmers 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 

SE 
 
 
 
FSE 
ASE 

2800 
 
 
 
0.6 
0.4 

4079 
 
 
 
1 
0 
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                                       FSE + ASE = 1    
Sheep and 
goats, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FSH + ASH = 1 

SH 
 
 
 
FSH 
ASH 

44154 
 
 
 
0 
1 

0 
 
 
 
 

Poultry, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FHE + AHE = 1 

HE 
FHE 
AHE 
 

1831782 
0.6 
0.4 
 

1954912 
1 
0 
 

Poultry, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FHH + AHH = 1 

HH 
FHH 
AHH 

159069 
0.6 
0.4 

0 
 
 

 

Figure 5.10. Emission of nitrogen and phosphorus from different types of farming (cattle and 
pigs) due to the BAU scenario 
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Figure 5.11 Emission of nitrogen and phosphorus from different types of farming (sheep, goats 
and poultry) due to the BAU scenario 

 

Table 5.14. Land of different categories in the Pregolya River catchment area in the Kaliningrad 
Oblast (KO) and Warmian-Masurian Voivodeship (WMV) due to the BAU scenario 

 
Land types  

KO WMV 
Area 
[km2]  

The 
proportio
n of the 
total area 
[%] 

Area 
[km2]  

The 
proportio
n of the 
total area 
[%] 

Agricultural land - Permanent 
crops 69.1 1.0 0.6 0.01 
Agricultural land - rainfed 1524.0 21.6 4052.6 53.4 
Broad leaved forest 24.4 0.4 387.9 5.1 
Lakes 37.1 0.6 336.9 4.4 
Mixed forest 1134.6 16.9 872.7 11.5 
Needle leaved forest 56.3 0.8 783.1 10.3 
Open with vegetation 3362.9 51.2 921.2 12.1 
Open without vegetation 5.8 0.1 7.5 0.1 
Rivers 10.2 0.2 1.0 0.01 
Sealed urban area 285.0 4.2 183.4 2.4 
Wetland 204.1 3.0 37.8 0.5 
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5.4 Scenario “Documented plans (DP)”  

This scenario DP is based on the analysis of official projections. 

Further socio-economic development of Warmian-Masurian Voivodeship and 
environmental measures (including the ones to prevent the runoff of nutrients) significantly 
depend on implementation of the European Union program "Operational Program Eastern 
Poland 2014-2020". A significant increase in agricultural production is not expected in the Polish 
part of the Pregolya River catchment thus the rise of nutrient load is not expected as well. 

Analysis of the "Strategy of socio-economic development of the Kaliningrad Oblast in 
the long term" showed the expected increase in the area of arable lands by 70%, cattle livestock - 
by 3,5 times, the main crops harvest - by more than 2 times. In case of implementation of these 
plans, the nutrient load from the Russian side of the catchment area (from croplands, pastures 
and point sources from livestock) will increase significantly.  

Population: Nowadays the special “Program for the Kaliningrad Oblast on Assessment of 
Voluntary Resettlement of the Compatriots Living Abroad to the Russian Federation” is 
implemented. According to the (Strategy of Socio-Economic Development of the Kaliningrad 
Oblast, 2012), it has been estimated that population will increase up to 1.6 million people by 
2020. According to demographic projections of the Main Statistical Office in Warmian-Masurian 
Voivodeship, the number of population in Olsztyn will decline and amount to 1.4 million people 
by 20202 (Prognoza ludnosci, 2009). 

The percentage of changes of all quantitative characteristics (for the Kaliningrad Oblast 
and Warmian-Masurian Voivodeship) for the scenario “Documented plans (DP)” in comparison 
with the baseline period are presented in Table 5.15. 

0 100 200 300 400 500 600 700 800 900

Arable

Cattle

Pigs

Poultry

%
 

Figure 5.12. The planned increase (%) of agricultural indicators in the Kaliningrad 
Oblast by 2020, according to (Strategy of Socio-Economic Development of the 
Kaliningrad Oblast, 2012). 
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Figure 5.13. Demographic projections for the Kaliningrad Oblast and Warmian-
Masurian Voivodeship (thousand people) 

 

Table 5.15. The percentage of changes of all quantitative characteristics (for the 
Kaliningrad Oblast and Warmian-Masurian Voivodeship) for the scenario “Documented plans 
(DP)” in comparison with the baseline period 

Parameter DF 
KO WMV 

Population +70% +3% 

Arable +70% +3% 

Livestock 

Cattle +850% +5% 

Pigs +250% +5% 

Poultry +100% +3% 
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Table 5.16. DP scenario: quantitative parameters to describe the population (number of persons) 
connected to different types of sewage systems in the Pregolya River catchment in Kaliningrad 
Oblast (KO) and Warmian-Masurian Voivodeship (WMV) 

 Parameter KO WMV 
Urban Population: 
 - Connected to the sewerage system: 
  - Mechanical treatment,  
  - Mechanical + Biological treatment,  
  - Mechanical + Biological + Chemical 
treatment + Nitrogen removal; 

- Population without any sewerage system: 
             - on-site wastewater treatment is assumed as an 

infiltration bed 
             - individual wastewater treatment system 

UP 
UPS 
UPSM 
UPSB 
UPST 
 
 
UPN 
 

224210 
201788 
141741 
60047 
0 
 
 
22421 
 
 

309385 
305504 
13770 
111716 
180018 
 
 
3881 
 
 

Rural Population: 
Connected to the sewerage system: 

   Mechanical 
Population without any sewerage system: 

on-site wastewater treatment is assumed as an 
infiltration bed 

RP 
 
UPSM 
 
 
RPN 

157865 
 
47360 
 
 
110505 

163756 
 
70415 
 
 
93341 
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Table 5.17. DP scenario: Quantitative parameters to describe the ways of manure utilization in 
dependence of the type of farming in the Kaliningrad Oblast (KO) and Warmian-Masurian 
Voivodeship (WMV) 

Farming 
type 

Way of manure utilization  Para-
meter 

KO WMV 

Cattle, 
enterprises 
and farmers 

 
 
 
- Stabling farming (duration: 12 months): 
            - fertilizers and  
            - rural point sources  
                                      FCES + ACES = 1 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 

                                FCEM + ACEM = 1 

CE 
 
 
CES 
FCES 
ACES 
 
CEM 
 
 
 
FCEM 
ACEM 

184186 
 
 
162064 
0.6 
0.4 
 
22122 
 
 
 
0.6 
0.4 

150836 
 
 
79010 
1 
0 
 
71826 
 
 
 
1 
0 
 

Cattle, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FCH + ACH = 1 

CH 
 
 
 
FCH 
ACH 

11736 
 
 
 
0 
1 

0 
 
 
 
 
 
 

Pigs, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FPE + APE = 1 

PE 
FPE 
APE 

2320833
0.6 
0.4 

173965 
1 
0 

Pigs, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FPH + APH = 1 

PH 
FPH 
APH 

4145 
0 
1  

0 
 
 
 

Sheep and 
goats, 
enterprises 
and farmers 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 

SE 
 
 
 
FSE 
ASE 

2800 
 
 
 
0.6 
0.4 

4079 
 
 
 
1 
0 
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                                       FSE + ASE = 1    
Sheep and 
goats, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FSH + ASH = 1 

SH 
 
 
 
FSH 
ASH 

44154 
 
 
 
0 
1 

0 
 
 
 
 

Poultry, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FHE + AHE = 1 

HE 
FHE 
AHE 
 

3822627 
0.6 
0.4 
 

1954912 
1 
0 
 

Poultry, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FHH + AHH = 1 

HH 
FHH 
AHH 

159069 
0.6 
0.4 

0 
 
 

 

Figure 5.14. Emission of nitrogen and phosphorus from different types of farming (cattle and 
pigs) due to DP scenario 
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Figure 5.15. Emission of nitrogen and phosphorus from different types of farming (sheep, goats 
and poultry) due to DP scenario. 

 

Table 5.18. DP scenario: Land of different categories in the Pregolya River catchment area in the 
Kaliningrad Oblast (KO) and Warmian-Masurian Voivodeship (WMV) 

 
Land types  

KO WMV 
Area 
[km2]  

The 
proportion 
of the total 
area [%] 

Area 
[km2]  

The 
proportion of 
the total area 
[%] 

Agricultural land - Permanent crops 69.1 1.0 0.6 0.01
Agricultural land - rainfed 2467.4 21.6 4174.2 53.4
Broad leaved forest 24.4 0.4 387.9 5.1
Lakes 37.1 0.6 336.9 4.4
Mixed forest 1134.6 16.9 872.7 11.5
Needle leaved forest 56.3 0.8 783.1 10.3
Open with vegetation 1984.1 51.2 799.5 12.1
Open without vegetation 5.8 0.1 7.5 0.1
Rivers 10.2 0.2 1.0 0.01
Sealed urban area 285.0 4.2 183.4 2.4
Wetland 204.1 3.0 37.8 0.5
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5.5 Scenario “Good agricultural practice (GoAP)” 

Not all of the manure is used as an organic fertilizer in the Russian part of the Pregolya 

River catchment; a part of it supplements the unregulated point sources. 

The main idea of the Scenario “Good agricultural practice (GoAP)” is to be able to use all 

of the manure that comes from the stabling farming as organic fertilizers according in the rates 

permitted according to the HELCOM recommendations (Fig. 5.16) 

Figure 5.16. Conceptual scheme of the GoAP scenario 

 

 

GoAP scenario is concerned only about agricultural practice and doesn’t include the land 

use and live stocks, therefore two mixed scenarios were formulated, which include a 

combination of changes due to BAU and DP, including GoAP agricultural practice. The 

correspondent quantitative estimations are presented below: BAU+GoAP is presented in Tables 

5.19, Figures 5.17, 5.18, DF+GoAP is presented in Table 5.20 and Figures 5.19, 5.20. 

         

  

Manure 

organic 

fertilizers 

Unregulated 

point sources 

  
 

organic 

fertilizers 

Existing practice  GoAP scenario 

Unregulated 

point sources 

Livestock  Manure Livestock
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Table 5.19. BAU + GoAP scenario: Parameters to describe the ways of manure use depending on 
the type of farming in the Kaliningrad Oblast (KO) and Warmian-Masurian Voivodeship 
(WMV) in terms of quantity 

Farming 
type 

Way of manure use  Para-
meter 

KO WMV 

Cattle, 
enterprises 
and farmers 

 
 
 
- Stabling farming (duration: 12 months): 
            - fertilizers and  
            - rural point sources  
                                      FCES + ACES = 1 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 

                                FCEM + ACEM = 1 

CE 
 
 
CES 
FCES 
ACES 
 
CEM 
 
 
 
FCEM 
ACEM 

52642 
 
 
30520 
1 
0 
 
22122 
 
 
 
1 
0 

143653 
 
 
71827 
1 
0 
 
71826 
 
 
 
1 
0 
 

Cattle, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FCH + ACH = 1 

CH 
 
 
 
FCH 
ACH 

11736 
 
 
 
1 
0 

0 
 
 
 
 
 
 

Pigs, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FPE + APE = 1 

PE 
FPE 
APE 

1254605 
1 
0 

165681 
1 
0 

Pigs, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FPH + APH = 1 

PH 
FPH 
APH 

4145 
0 
1  

0 
 
 
 

Sheep and 
goats, 
enterprises 
and farmers 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 

SE 
 
 
 
FSE 
ASE 

2800 
 
 
 
1 
0 

4079 
 
 
 
1 
0 
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                                       FSE + ASE = 1    
Sheep and 
goats, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FSH + ASH = 1 

SH 
 
 
 
FSH 
ASH 

44154 
 
 
 
1 
0 

0 
 
 
 
 

Poultry, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FHE + AHE = 1 

HE 
FHE 
AHE 
 

1831782 
1 
0 
 

1954912 
1 
0 
 

Poultry, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FHH + AHH = 1 

HH 
FHH 
AHH 

159069 
1 
0 

0 
 
 

 

Figure 5.17. Emission of nitrogen and phosphorus from different types of farming (cattle and 
pigs) due to BAU + GoAP scenario 
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Figure 5.18. Emission of nitrogen and phosphorus from different types of farming (sheep, goats 
and poultry) due to BAU + GoAP scenario 

 

Table 5.20. DP + GoAP scenario: Quantitative parameters to describe the ways of manure use 
depending on the type of farming in the Kaliningrad Oblast (KO) and Warmian-Masurian 
Voivodeship (WMV) 

Farming 
type 

Way of manure use  Para-
meter 

KO WMV 

Cattle, 
enterprises 
and farmers 

 
 
 
- Stabling farming (duration: 12 months): 
            - fertilizers and  
            - rural point sources  
                                      FCES + ACES = 1 
- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 

                                FCEM + ACEM = 1 

CE 
 
 
CES 
FCES 
ACES 
 
CEM 
 
 
 
FCEM 
ACEM 

184186 
 
 
162064 
1 
0 
 
22122 
 
 
 
1 
0 

150836 
 
 
79010 
1 
0 
 
71826 
 
 
 
1 
0 
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Cattle, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FCH + ACH = 1 

CH 
 
 
 
FCH 
ACH 

11736 
 
 
 
1 
0 

0 
 
 
 
 
 
 

Pigs, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FPE + APE = 1 

PE 
FPE 
APE 

2320833 
1 
0 

173965 
1 
0 

Pigs, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FPH + APH = 1 

PH 
FPH 
APH 

4145 
1 
0 

0 
 
 
 

Sheep and 
goats, 
enterprises 
and farmers 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FSE + ASE = 1 

SE 
 
 
 
FSE 
ASE 
 

2800 
 
 
 
1 
0 
 

4079 
 
 
 
1 
0 
 

Sheep and 
goats, 
house-holds 

- Grazing farming:  
    - grazing period (Ap, My, Jn, Jl, Au, Se, Oc), 
              rural point sources;  
    - stabling period (No, De, Ja, Fe, Ma): 
           - fertilizers and 
           - rural point sources 
                                       FSH + ASH = 1 

SH 
 
 
 
FSH 
ASH 

44154 
 
 
 
1 
0 

0 
 
 
 
 

Poultry, 
enterprises 
and farmers 

- Stabling (duration: 12 months): 
            - fertilizers and 
            - rural point sources 
                                       FHE + AHE = 1 

HE 
FHE 
AHE 
 

3822627 
1 
0 
 

1954912 
1 
0 
 

Poultry, 
house-holds 

- Stabling (duration: 12 months): 
   - fertilizers and 
   - rural point sources 
                                       FHH + AHH = 1 

HH 
FHH 
AHH 

159069 
1 
0 

0 
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Figure 5.19. Emission of nitrogen and phosphorus from different types of farming (cattle and 
pigs) due to DP + GoAP scenario 

 

Figure 5.20. Emission of nitrogen and phosphorus from different types of farming (sheep, goats 
and poultry) due to DP + GoAP scenario 
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5.6 Methods of translation of the above-listed qualitative scenarios 
into quantitative data for modeling 

Table 5.21 presents an increase in percentage of values of different drivers for two 

scenarios for the Kaliningrad Oblast and Warmian-Masurian Voivodeship. In general, BAU 

scenario gives an increase by 15-25% for the Russian part of the catchment (Kaliningrad Oblast), 

and small decrease for the Polish part of the catchment. The DP scenario shows tremendous (and 

probably absolutely non-realistic) development in the agricultural sector for the Russian part of 

the catchment and insignificant (3-5%) growth for the Polish part of the catchment. 

  It should be considered that the up-to-date level of agriculture development in the Polish 

and Russian parts of the Pregolya River catchment varies significantly – agriculture on the Polish 

part is developed at a much higher rate. This is the reason why the Polish agricultural sector is 

mostly likely to be higher developed by 2020 despite the increase (both present trends or 

documented plans) in agriculture on the Russian side of the Pregolya River catchment (Table 

5.21). 

The expected changes in the Pregolya River catchment due to the different 

socioeconomic scenarios entail a change in the values and type of the nutrient load, including the 

fertilization rate (Tables 5.22 and 5.23). 
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Table. 5.21. Different scenarios for the Kaliningrad Oblast (KO) and Warmian-Masurian 
Voivodeship (WMV). 

Parameter BAU DP BAU GoAP DP GoAP 
KO WMV KO WMV KO WMV KO WMV 

Population 
+25% -6% +70% +3% +25% -6% +70% +3% 

Arable 
+5% 0% +70% +3% +5% 0% +70% +3% 

Livestock 

Cattle 
+15% 0% +850% +5% +15% 0% 

+850
% 

+5% 

Pigs 
+15% 0% +250% +5% +15% 0% 

+250
% 

+5% 

Poultry 
0% 0% +100% +3% 0% 0% 

+100
% 

+3% 

The 
way 
of 
ma-
nure 
uti-
liza-
tion 

Stable 
farming 

Organic 
fertilizers 

yes yes yes yes yes yes yes yes 

Point 
sources yes no yes no no no no no 

Gra-
zing 
far-
ming 

Gra-
zing 
peri-
od 
(Apr-
Oct) 

Point 
sources yes yes yes yes yes yes yes yes 

Stable 
peri-
od 
(Nov-
Mar) 

Organic 
fertilizers yes yes yes yes yes yes yes yes 

Point 
sources 

yes no yes no no no no no 
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Table. 5.22. Nutrient load from the livestock and poultry in the Pregolya River catchment due to 
the different scenarios 

S
ce

na
ri

o 

Nitrogen Phosphorus 

KO WMV KO WMV 

N for 
organic 
fertilizers 

N in point 
souces 

N for 
organic 
fertilizers 

N in 
point 
souces 

P for 
organic 
fertilizers 

P in 
point 
souces 

P for 
organic 
fertilizers 

P in 
point 
souces 

20
14

 

2572383 4984981 32642701 4260751 559061 941467 9887886 664141

B
A

U
 

3135360 5397209 32642701 4260751 670422 1021445 9887886 664141

D
F

 17400922 15120640 33194224 4472014 3930868 3228193 9993478 696979

B
A

U
 +

 
G

oA
P

 

5792116 2740453 32642701 4260751 1224858 467009 9887886 664141

D
F

 +
 

G
oA

P
 29568053 2953509 33194224 4472014 6658934 500126 9993478 696979

 

 

Table. 5.23. Organic fertilizers implementation in the Pregolya River catchment due to the 
different scenarios 

Scenario Nitrogen (kg/year/ha) Phosphorus (kg/year/ha) 

RU PL RU PL 

2014 17 81 4 24 

BAU 20 81 4 24 

DF 69 82 16 25 

BAU + GoAP 37 81 5 24 

DF + GoAP 118 82 27 25 
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6. Setup of Pregolya-HYPE hydrological module for the 
Pregolya River basin (Domnin D.) 

6.1 Model version 

The Pregolya basin was extracted from the E-HYPE v3.1 hydrological model (Hundecha 

et al. 2016) and modified using local data and local calibration for the Pregolya River. We refer 

to this model hereon as Pregolya-HYPE. The HYPE model code (ver. 4.11.0, HYdrological 

Predictions for the Environment, Lindström et al. 2010) of the Swedish Hydrometeorological 

Institute was used as a primary runoff hydrological model. Input data for the HYPE model are 

the following: landuse data, soil types in the basin, time series of precipitation and temperature 

and calibration/validation of the mdoel results requires time series of the water discharge at 

certain control cross-sections. 

6.2 Pregolya River catchment structure and delineation of the basin  

All the main water systems of the Kaliningrad Oblast are transboundary. These are the 

coastal waters of the Baltic Sea, the Vistula Lagoon watershed and the Curonian Lagoon 

watershed. The Pregolya River is the main river contributing nutrients to the Vistula and 

Curonian lagoons (Chubarenko, Domnin, 2008), the Pregolya Rivier is formed through the 

confluence of the Instruch and Angrapa rivers4 (Fig. 6.1).  

The watercourse from Chernyakhovsk to the mouth at the confluence into the Vistula 

Lagoon, which is actually called the Pregolya River, is 123 kilometers long, and the watercourse 

of the Pregolya and its easternmost tributary, the Angrapa River is 292 kilometers long. Other 

major tributaries are the Instruch River (101 km), the Lyna-Lava River (289 km), the Pissa River 

(98 km) (Fig. 6.1). 

According to (Silich, 1971), the average annual water discharge of the Pregolya River at 

the town of Gvardeysk is 86 m3/sec (or 2.7 km3/year). A particular feature is that the 

mainstream of the Pregolya River divides into two arms (Fig. 6.1) in Gvardeysk (56 km 

upstream of the mouth). The main arm, the Downstream Pregolya (56 km long), carries an 

                                                            
4   Further we shall sometimes use just ‘Pegolya’, ‘Angrapa’ etc. to refer to the rivers. 
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average of 60% of water into the Vistula Lagoon, and the second one, the Deyma Branch (37 km 

long, also referred to as the Deyma Arm or Deyma River) - exports an average of 40% of the 

water volume into the Curonian Lagoon (Markova, Nechay, 1960). The average slope of the 

water surface of the Downstream Pregolya is 0.9 cm/km, and 13 cm/km for the Deyma (Domnin 

et al., 2013).  

All previous studies of the river runoff from the catchment area of the Pregolya River 

were based on the discharge data attributed to the point of division of the main river stream into 

the arms in Gvardeysk (Fig. 6.1), where there are points of measurements of the state monitoring 

network. Location of observation points away from the outlet sections are related to existence of 

these two watercourses in the lower reaches, on the one hand, and (on the other hand) to the fact 

that the Downstream Pregolya and the Deyma are constantly exposed to backwater effect during 

run-up winds from the receiving bodies of water - the Vistula and Curonian Lagoons (Markova, 

Nechay, 1960).  

In fact, all the ongoing monitoring points of the state monitoring network available within 

the catchment area of the Pregolya River are located not at the outlet sections of its tributaries, 

but at the places suited for measurements (bridges, dams, etc.).  
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Figure 6.1 - Catchment of the Pregolya River, grid points of re-analysis meteorological data, 

hydrological monitoring points. The inset shows the division of the Pregolya into the arms of the 

Downstream Pregolya and Deyma Branch in Gvardeysk. 

Therefore, this study aims to obtain estimates of mean annual values of the river water 

discharge precisely for the outlet sections - at the confluence point of the Pregolya River into the 

Curonian and Vistula Lagoon, and at the confluence points of its tributaries into the mainstream. 

Given the complexity of the catchment system, the whole catchment area was divided for 

simulation into three constituent parts, with their own individual model set ups (Fig. 6.2): the 

catchment area of the Pregolya River up to the division into the arms of the Downstream 

Pregolya and Deyma, the catchment area of the Downstream Pregolya, the catchment area of the 

Deyma River. 
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Figure 6.2 - Scheme of branching of the catchment basin of the Pregolya River in the model 

installation: 1 - Pregolya upstream, 2 - Pregolya downstream, 3 - Deyma. 

 

Another important aspect of the study will be the assessment of the cross-border 

component of the discharge from the catchment area of the Pregolya River (Chubarenko, 

Domnin, 2008), the watershed of which is located within three countries: Russia (47% of the 

area), Poland (52%) and Lithuania (1%). Direct measurements of the discharge in the main water 

courses crossing the border were not taken. 

As a result of delineation of the catchment area of the Pregolya River, a model setup for 

the system of 42 sub-basins was composed (Fig. 6.3).  

The calculated catchment area was 13.1 thousand km2 for the Pregolya upstream. It was 

divided into 34 sub-basins: the smallest one was 60 km2, and the biggest one 1500 km2. The 

Downstream Pregolya basin (with an area of 1100 km2) was divided into 4 sub-basins (min = 

100 km2, max = 370 km2). Finally, the basin of the Deyma Branch (400 km2) was also divided 

into 4 sub-basins (min = 60 km2, max = 150 km2). 
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Figure 6.3 - Sub-catchments within the transboundary Pregolya River catchment. 

 

6.3 Locations of hydrological observations 

The Gvardeysk gauging station (Fig. 6.4) was used for the calibration of the model setup 

for the Pregolya upstream, which is located before the branching of the Pregolya into its 

downstream distributaries. Hydrological observations at the points located in the largest 

tributaries of the Pregolya were used for verification: the Lava (Rodniki), Instruch (Ulyanovo), 

Angrapa (Berestovo) and Pissa (Zeleny Bor) (Fig. 6.4). It should be noted that all the stations are 

located within the Kaliningrad Oblast, as the authors did not have access to long-term 

hydrological data on the territory of Poland.  
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Figure 6.4 - Three segments of the Pregolya River catchment: Pregolya upstream catchment 

(blue), Pregolya downstream catchment (pink), Deyma Branch catchment (red). 

 

6.4 Internal parameters for hydrological module  

Numerical modeling is the most optimal method for assessing the redistribution of 

discharge in the Pregolya River at the bifurcation point in Gvardeysk and a cross-border 

component of the flow on an uniform basis. Such an approach for the whole catchment area of 

the Vistula Lagoon was used previously in assessing impacts of climate change (Chubarenko et 

al., 2014, Hesse at all, 2015) and upstream intrusion of brackish water up along the bed of the 

Pregolya River (Domnin, Sokolov, 2014). Here, we are most interested in assessing annual 

values of the water discharge running into the coastal Vistula and Curonian lagoons as well as 

transboundary flux from the territory of Poland and Lithuania. 
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Table 6.1. General parameters used for hydrological module setup of HYPE model 

Parameter Used for 
Setup 

Unit Description 

ttpd  1 °C deviation from ttmp for threshold temperature for snow-/rainfall 

ttpi  1 
°C half of temperature interval with mixed snow- and rainfall, 

(ttmp+ttpd)+/-ttpi 

rcgrw  0 
 recession coefficient for regional groundwater outflow from soil 

layers (deepground=1 (and 2)) 

cevpam  0* 
 amplitude of sinus function (about 1) that corrects potential 

evapotranspiration. 

cevpph  0* days phase of sinus function that corrects potential evapotranspiration 

lp  0.8*  limit for potential evapotranspiration 

gratk  2 

 

discharge curve for lake    

gratp  3 

 

discharge curve for lake    

rivvel  1 m/s celerity of flood in watercourse 

damp  0.5*  fraction of delay in the watercourse which also causes damping 

tcalt  0.6 
°C/100m parameter for temperature’s elevation dependence, uses SLC’s 

deviation from subbasin mean height (=0.6°C/100m) 

tcelevadd  0 
°C/100m parameter for temperature’s elevation dependence, uses subbasin 

mean height 

tcobselev 0 
°C/100m parameter for temperature correction due to observation elevation 

deviation from subbasin elevation 

pcaddg  0  correction parameter for precipitation 

pcelevadd  0 
1/100m correction parameter for precipitation (per 100 m elevation > 

pcelevth) 

pcelevth  0 m elevation above which the precipitation correction pcelevadd is used 

pcelevmax  0  maximum for height dependent precipitation correction (part) 

gldepi  5 m depth for all ilakes 

epotdist  3.5* 
1/m coefficient in exponential function for potential evapotranspiration's 

depth dependency 

sdnsnew 0.13 g cm-3 density of new-fallen snow (former snowdens0) 

snowdensdt  0.0016 g cm-3 ts-1 increase of snow density per day 

sswcorr  1.4 
 rescaling factor for the soil water stress irrigation threshold. 

sswcorr=1 implies no rescaling. sswcorr=0 if not set. 

iwdfrac  1 
 fraction of the irrigation threshold which constitutes irrigation water 

demand. Note iwdfrac can be >1. Only used if demandtype=3. 

regirr  1 

 connectivity scaling factor for the regional irrigation water 
abstractions. Regirr=1 implies full connectivity while regirr=0.5 
implies that only half of regional demands are taken into account 

irrdemand  0 
mm/ 
timestep 

the irrigation water demand for subbasins with demandtype=1 

immdepth  50 mm target submergence depth for submerged irrigated crops 

limqprod  0 
 limit for water stage with reduced production flow from dam (fraction 

of regulating volume) 

rrcs3  0.0002*  recession coefficient for slope dependence (upper layer) 

Qmean 200 mm/yr initial value for calculation of mean flow 
cmlt  

2.5* 
mm/°C 
/timestep 

melting parameter for snow 
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ttmp  
-1 

°C threshold temperature for snow melt, snow density and 
evapotranspiration 

cevp  
0.21* 

mm/°C 
/timestep 

evapotranspiration parameter 

frost  
2 

cm/°C frost depth parameter (both frost and sfrost must be >0 for simulation 
to occur) 

srrcs  0.05  recession coefficient for surface runoff (fraction), should be set to 1 
for lake and riverclasses with floodplains 

Cmrad 0.48 mm*m2/ 
MJ 

coefficient for radiation snow melt, parameter for snowmelt model 2 

snalbmin 0.45  parameter for snowmelt model 2 
snalbmax 0.85  parameter for snowmelt model 2 
snalbkexp 0.1  parameter for snowmelt model 2 

rrcscorr  0 
 correction factor for recession rrcs=rrcs(1+rrcscorr) for 

rrcs1,rrcs2,trrcs and srrcs 

cevpcorr  -0.1  correction factor for evapotranspiration cevap=evap(1+cevpcorr) 

tempcorr  0 °C correction parameter for temperature 

preccorr  0  correction factor for precipitation prec=prec(1+preccorr) 

pirrs  0.75 

 irrigation abstraction fraction from surface water sources. Controls 
the amount of potentially withdrawable surface water that is in fact 
abstracted. pirrs=1 implies full withdrawal. pirrs=0 if not set. 

pirrg  0.25 

 irrigation abstraction fraction from groundwater. Controls the amount 
of potentially withdrawable groundwater that is in fact abstracted. 
pirrg=1 implies full withdrawal. pirrg=0 if not set. 

irrcomp  0 

 irrigation source compensation parameter. Irrcomp defines the 
fraction of the residual irrigation water demands which can be 
withdrawn from other local sources. Irrcomp=0 if not set. 

Fscmax  0.95   maximum fractional snow cover area 

Fscmin  0.01   minimum fractional snow cover area 

Fsclim  0.001   limit of fractional snow cover area for onset of snowmax 

fsck1  0.2   parameter for snowmax 

Fsckexp 
0.00000

1 
s‐1 

parameter for snowmax 

* - parameters which were varied during the calibration procedure. 

  

Table 6.2. Parameters of soils type used for hydrological module setup of HYPE model 

 
Coarse Medium Fine Organic 

No texture 
rock lakes Shallow Moraine 

Fine for 
rice 

Wcwp wilting point as a fraction, same for all soil layers 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
Wcfc fraction of soil available for evapotranspiration but not for runoff, same for all soil layers 

0.134 0.17 0.356 0.129 0.199 0.199 0.17 0.356 
wcep3  effective porosity as a fraction, for lowest soil layer 

0.366 0.202 0.158 0.176 0.141 0.141 0.202 0.158 
wcep2  effective porosity as a fraction, for second soil layer 

0.261 0.141 0.2 0.209 0.182 0.182 0.141 0.2 
wcep1  effective porosity as a fraction, for uppermost soil layer 
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0.32 0.187 0.061 0.171 0.145 0.145 0.187 0.061 
trrcs  recession coefficient for tile drains 

0.15 0.2 0.3 0.15 0.15 0.15 0.2 0 
srrate  fraction for surface runoff 

0.06525 0.04165 0.0481 0.0836 0.0583 0.0583 0.04165 0 
sfrost  frost depth parameter (both frost and sfrost must be >0 for simulation to occur) (cm/°C) 

1 1 1 1 1 1 1 1 
rrcs2  recession coefficient for uppermost soil layer 

0.345 0.112 0.065 0.236 0.339 0.339 0.08 0.001 
rrcs1  recession coefficient for lowest soil layer 

0.441 0.309 0.057 0.3 0.308 0.308 0.309 0.002 
mperc2  maximum percolation capacity from soil layer 2 to soil layer 3 (mm/timestep) 

37.659 42.448 70.513 32.167 35.7 35.7 42.448 10 
mperc1  maximum percolation capacity from soil layer 1 to soil layer 2 (mm/timestep) 

35.552 37.866 57.422 44.005 32.696 32.696 37.866 10 
Mactrsm threshold soil water for macro-pore flow and surface runoff (mm) 

0.744 0.434 0.237 0.749 0.644 0.644 0.434 0.237 
mactrinf  threshold for macro-pore flow (mm/timestep) 

17.488 23.465 33.612 26.431 28.815 28.815 23.465 33.612 
macrate  fraction for macro-pore flow 

0.419 0.341 0.225 0.394 0.377 0.377 0.341 0 
 

6.5 Atmospheric forcing (boundary conditions for hydrological 
module) 

The input data of temperature and precipitation should be ideally be determined by a 

network of weather stations (Fig. 6.5). However, there is a number of limitations for this. Firstly, 

the data are not always available to the public, and secondly, the data series may contain gaps 

and, thirdly, the station network is not spatially sufficient. Lack of coverage of the catchment 

area of the Pregolya River by meteorological measurement points was noted earlier (Hesse, 

2015). Therefore, a bias-adjusted re-analysis data (WFD) from the European Watch Project 

(http://www.eu-watch.org/data_availability, ftp European project: //rfdata: 

forceDATA@ftp.iiasa.ac.at) served as input information about the amount of precipitation 

(volume per day) and air temperature (daily average). The data were spatially associated to grid 

points at a spatial resolution of 0.5 degree. The catchment area of the Pregolya River used for 

simulation comprised 15 grid points (Fig. 6.6, Tab. 6.3). 
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Figure 6.5 - Points of hydrometeorological measurements of Polish and Russian state 

systems of monitoring. 

At the stage of the input data analysis (for the period of 1979-2013), temperature and 

precipitation from the WFD data was compared with meteorological stations data. It was found 

that the average temperature of the measured values was + 7.8 °Cwhich is very similar to the 

WFD data with an average of + 7.5 °. The average monthly amount of precipitation according to 

the measured data was 68 mm, and 69 mm according to WFD. The correlation coefficient 

between the measured and recovered data for temperature is equal to 1, and 0.95 for 

precipitation. 
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Figure 6.6 - Points of hydrometeorological re-analysis data of Watch Project. 

 

Table 6.3– Coordinates of grid points of re-analysis data of Watch project used in 

simulations for the catchment basin of the Pregolya River. 

ID VLC Lat Lon ID VLC Lat Lon 

27 53.75 20.25 37 54.75 21.25 

26 54.25 20.25 45 54.25 21.75 

25 54.75 20.25 44 54.75 21.75 

32 53.75 20.75 52 54.25 22.25 

31 54.25 20.75 51 54.75 22.25 

30 54.75 20.75 59 54.25 22.75 

39 53.75 21.25 58 54.75 22.75 

38 54.25 21.25    
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7. Hydrological modeling (Domnin D.) 

7.1 Hydrological model calibration 

The simulation period covered the period from 1979 to 2009. In order to calibrate a 

model (described below), we used measurement data of the state network of RosHydroMet 

(Russian Federal Service for Hydrometeorology and Environmental Monitoring) at the 

hydrological stations of Gvardeisk (Pregolya River up before the division into the arms of the 

Downstram Pregolya and Deyma), Rodniki (Lava River), Berestovo (Angrapa River), Zeleniy 

Bor (Pissa River), Ulyanovo (Instruch River). Due to the heterogeneity of the data available for 

the above-listed stations, calibration periods of the model for individual parts of sub-basins did 

not coincide, but they had a duration of at least 5 years in a row. 

The catchment sub-basin of the Angrapa River is formed by two rivers: the Angrapa and 

Pissa, so when checking the results, they were considered together, and two check points were 

chosen: at the Angrapa properly (point in Berestovo) up to the confluence of the Pissa river into t 

and at the Pissa (point in Zeleniy Bor). The analysis showed that model solutions closely match 

the measurement results at these points, but with different sets of calibration parameters for each 

subcatchment. As a result, those calibration parameters that provided an optimally high 

correlation coefficient for the both points (see Table 7.1) were selected as a uniform optimal set 

of calibration parameters. 

A set of calibration parameters were assigned using the data at the control cross-section of 

the Pregolya River (measurement point in Gvardeysk). The correlation staticstics between 

measured and simulated discharges at this cross-section were as following: the correlation 

coefficient (R), the Nash-Satcliff efficiency (NSE) and relative error (RE) stated as R = 0.89, NSE 

= 0.62, RE = 0.056. Long-term average measured discharge was 90 m3/s, the simulated one was 

89 m3/s.  

Validation of the Pregolya=HYPE model was made by measured discharge data for outlet 

sections of main tributaries of the Pregolya River – Angrapa, Pissa, Lyna-Lava and Instruch 

rivers. For the basin of the Angrapa River, R = 0.86, NSE = 0.59, RE = -0.057, for the sub-basin 

of the Pissa River, R = 0.91, NSE = 0.63, RE = -0.086, for the sub-basin of the Lyna-Lava River, 

R = 0.87, NSE = 0.51, RE = -0.116. A low coefficient is noted for the Instruch River (R = 0.76, 
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NSE = 0.68, RE = -0.16), due to theinfluence of local factors. However, in general for all the sub-

basins, the difference between mean annual measured discharge and calculation results does not 

exceed 10%. 

Table 7.1 – Results of Pregolya-HYPE validation at the outletsections of the Angrapa, 

Pissa, Lava and Instruch rivers: measured and simulated mean annual water discharge and 

statistics of daily time series of the water discharge (RE – relative error, NSE – Nash-Sutcliffe 

Efficiency, R - correlation coefficient). 

Sub-basin Validation 
period 

Mean annual 
water discharge 
measured,  
m3/sec  

Mean annual 
water discharge 
simulated 
m3/sec 

RE (5) NSE R 

Angrapa 
(Berestovo) 

1995-2000  12.6 11.9 -0.057 0.59 0.86 

Pissa (Zeleny Bor) 1995-2000 8.5 7.7 -0.086 0.63 0.91 

Lava (Rodniki) 1995-2000 44.2 39.3 -0.116 0.51 0.87 

Instruch 
(Ulyanovo) 

1981-1986 4.4 4.7 -0.160 0.68 0.76 

 

When checking the results for the Instruch River, the Ulyanovo station at the center of its 

catchment area was used. A set of calibration parameters used in general for the Pregolya River 

is poorly suited for the catchment area of the Instruch (correlation coefficient is 0.55). The 

reason of low correlation is poor coincidence of peaks in the periods of high water during high 

water and seasonal floods, as well as rather overestimated values of water flow rate during low 

water. Most likely, the low ratio of the measured data with the simulation result is associated 

with the fact that the check point (Ulyanovo) is located in the upper reaches of the river, and its 

catchment area is small and the effect of local factors is significant. 

The catchment area of the Lava River is the largest in the system of tributaries of the 

Pregolya River, the discharge there from largely determines the water discharge of the Pregolya 

itself. To check the results for the Lava River, data from Rodniki station, located in the Russian 

part in the lower reaches after all the upstream reservoirs, were used. The calibration parameters 
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used for the Pregolya River were suitable for the sub-basin of the Lava River. Average simulated 

values of the water discharge at the check point, were below the value of the measured discharge 

by 10% (Table 7.1). Some high peaks in water discharge obtained through simulation, lag 

somewhat behind the measured values.  

7.2 Hydrological module validation 

As a result of calibration and verification, an optimal set of parameters was chosen that 

made it possible to bring the simulated discharge curve at the flow control section of Gvardeysk 

to the curve of the measured flow (Fig. 7.1, Tables Ap1 and Ap2 in Appendix 1). The period of 

1986-1995 was chosen as a calibration of water discharge for the Pregolya River. The correlation 

coefficient (R) between measured and simulated discharges at the outlet section of the sub-basin 

131 (Gvardeysk point) was 0.79. Average measured discharge was 90 m3/sec, while simulated 

was 89 m3/sec. (Table 7.2). 

Table 7.2 - Mean, maximum and minimum discharge for the Pregolya River, obtained by 

measurements and calibration simulations by the HYPE model (calibration period is 1986-1996, 

verification period is 2008-2009, outlet section is before the point of division of the Pregolya 

River into two arms). 

Time-series Correlation 
coefficient 

Mean 
(m3/sec) 

Maximum 
(m3/sec) 

Minimum 
(m3/sec) 

Results of model calibration, 1986-1996 
Measured  data 

0.79 
90 361 15 

Simulated data 89 434 5 
Results of model verification, 2008-2009 

Measured data 
0.92 

76 239 18 
Simulated data 83 277 10 

 

7.3 Results of simulations for the baseline period (reference 
conditions) 

Measured and simulated hydrographs (the river discharge is mostly very similar at the 

calibration section in Gvardeisk (Fig. 7.1). However, there is a certain discrepancy, which we 

attribute to the fact that the main tributary of the Pregolya River – the Lava River is 
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overregulated, and there are six hydroelectric power plants along the entire length over there. 

Therefore, the measured water discharge in the Pregolya River depends essentially on the water 

discharge from the hydroelectric power stations, whereas the simulated one is determined by 

direct boundary conditions: air temperature and precipitation. 

According to verification (for the period of 2008-2009) of simulation results, the 

correlation coefficient was higher (R = 0.92), and the discharge charts better related to each other 

(Fig. 7.2). Thus, taking the resulting model setup as satisfactory, the following water discharge 

from the territory of sub-basins of the main tributaries of the Pregolya River were obtained 

(Table 7.3). 

 

Figure 7.1 - Variations of the Pregolya River discharge at the Gvardeysk point of 

measurements during 1986-1996. 

 

 

Figure 7.2 - Variations of the Pregolya River discharge at the Gvardeysk monitoring 

point during 2008-2009. 
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Table 7.3 - Basic hydrological characteristics of the main tributaries of the Pregolya for 

the period of  1980-2009. 

River catchment Area, ths. km2 Discharge, 
m3/s 

Discharge, 
km3/year 

Specific 
Runoff, 
mm/year 

Pregolya  
(Gvardeysk) 

13.3 86.4 2.72 202 

Lyna-Lava (outlet) 7.0 43.4 1.37 193 
Wengorapa-Angrapa 
with Pissa (outlet) 

3.7 22.0 0.69 183 

Instruch (outlet) 1.3 9.4 0.30 233 
Golubaya (outlet) 0.6 4.5 0.14 248 

 

 

Water discharge in the outlet sections of the Pregolya River. 

Since flow measurement points at the Pregolya River and its arm Deyma are only located 

at the point of their division, i.e. 56 and 37 km upstream of their outlet sections at the confluence 

into the Vistula Lagoon and the Curonian Lagoon, respectively, there is currently no reliable 

information about the volume of the water discharge falling into the Vistula and the Curonian 

Lagoons from the catchment basin. 

To solve this problem, model installations for watersheds of the Downstream Pregolya and 

Deyma were used (Fig. 6.1), as for individual catchment areas. Calibration and verification of 

model calculation of the water discharge in the outlet sections (Table 7.4) of these installations 

were not carried out due to the lack of field data; the calibration parameters obtained from the 

results of calibration for the reaches of the Pregolya upstream were assumed to be valid in these 

regions. 
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Table 7.4 - Values of the simulation water discharge, obtained for outlet cross-sections of basins 

of the Downstream Pregolya and Deyma for the period of 1980-2009. 

River catchment Area, ths. km2 Discharge, 

m3/s 

Discharge, 

km3/year 

Specific 

Runoff, 

mm/year 

Downstream 

Pregolya (outlet) 
1.1 10.4 0.33 305 

Deyma (outlet) 0.4 3.4 0.11 276 

 

Average discharge of the water flowing properly from the territory of the Downstream 

Pregolya obtained as a result of numerical simulation is 10.4 m3/sec, average water flow of the 

Deyma River is 3.4 m3/sec. The Downstream Pregolya is characterized by higher values of water 

discharge, compared with the Deyma River, during the period of high water and seasonal floods 

(Fig. 7.3). 

 

 

Figure 7.3 – Diagrams of the water discharge coming only from private catchment areas of the 

Downstream Pregolya and Deyma for the period of 1980-2009. 

 

So, as the first approximation, the discharges of the water flowing into the Vistula and 

Curonian Lagoons were determined by summing the flows separately from these watersheds and 

the flows coming from the upper reaches of the Pregolya upstream and estimated either in 
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accordance with generally accepted proportion of water discharge along the arms of the 

Downstream Pregolya and the Deyma (Markov, Nechay, 1960), or in view of available data on 

the actual water distribution. 

According to direct measurement data of the flow (1901-1956) at two control points in 

Gvardeysk (before the division of the Pregolya River into arms), on average, 60% of the water is 

carried into the Vistula Lagoon; and its arm Deyma carries away about 40% of the water volume 

to the Curonian Lagoon (Markov, Nechay, 1960). Due to the fact that special model analysis of 

the water flow distribution between the arms was not conducted, this proportion was adopted for 

this study. Table 7.5 shows resulting calculated values at the outlets of the Downstream Pregolya 

and Deyma. 

Table 7.5. Water discharge values from the catchment basin of the Pregolya River in the 

Vistula and Curonian Lagoons at the outlet sections of the Downstream Pregolya and Deyma. 

River  Discharge 
before the 
division, m3/s 

Proportions 
of  
separation 

Own 
discharge, 
m3/s 

Discharge 
from outlet to 
lagoon, m3/s 

Discharge from 
outlet to lagoon, 
km3/year 

Downstream 
Pregolya 86.4 

0.6 10.4 62.2 1.96 

Deyma 0.4 3.4 38.0 1.20 

 

Considering intra-annual changes of the water discharge coming into the Vistula Lagoon 

from the control section of the Pregolya River and the one coming into the Curonian Lagoon 

from the control section of the Deyma River, it should be noted that the above-described ratio 

60/40 typical of the place of division into the arms is retained, only during periods of winter and 

spring floods. During the summer low water, the amount of water reaching the receiving lagoon 

water bodies, correlates to 50/50 (Fig. 7.4). Such a fluctuation of the water flow ratios is most 

likely associated with different sizes of catchment areas: the watershed formed by the 

Downstream Pregolya is almost 3 times bigger than the catchment area of the Deyma, which 

directly affects the degree of evaporation during a warm period of the year. 
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Figure 7.4 – Intra-annual change of the water discharge, running through the estuary sections of 

the Downstream Pregolya River into the Vistula Lagoon and the Deyma River into the Curonian 

Lagoon according to model calculations for the period of 1980-2009. 

 

Cross-border discharge value assessment 

Due to the fact that the catchment area of the Pregolya River is located on the territories of 

different states, the cross-border component of the water mass transfer is of particular interest. 

Using the above-mentioned modeling tool, the analysis of the water discharge from different 

segments of the hydrographic system was carried out (Fig. 7.5). Comparing areas of sub-basins 

and the water volume coming therefrom, it should be noted that the flow rate is not always 

increased with increasing area. For example, the upper reaches of the catchment systems have a 

comparatively lower water content in reference to the lower parts of the catchment area. 

In general, 1.46 km3 of water comes from the territory of neighboring countries through 

the Kaliningrad Oblast over the watershed of the Pregolya River per year. In addition, 1.26 

km3 more of surface water is formed on the territory of the Kaliningrad Oblast before the division 

of the Pregolya River into arms. The flows to the Vistula and Curonian lagoons constitute 1.96 

and 1.2 km3/year respectively which in total gives 3.16 km3/year from the Pregolya River 

catchment towards the Baltic Sea through both lagoons.  
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Figure 7.5 - Hydrographic diagram of the catchment basin of the Pregolya River, taking into 

account a cross-border component and the discharge from separate sub-basins. Conditional sizes 

of the sub-basins in the diagram are proportional to their areas. 

7.4 Main conclusions 

The watershed of the Pregolya River was divided into 42 interconnected sub-basins in the 

model setup, the allocation of which was carried out taking into account major tributaries, 

hydrological stations, as well as the existing state border between the segments of catchment 

areas in Poland and Russia. This model setup allowed to use data of the permanent hydrological 

measurements network, assess the discharge rate from the watersheds not included in the constant 

monitoring, as well as identify a cross-border component of the flow from the side of Poland. 

Discharge at the outlet sections at the confluence points into the Vistula and Curonian Lagoons 

was assessed using 3 model installations that include the catchment area of the Pregolya River 

before the division into the arms, the catchment area of the Downstream Pregolya, the catchment 

area of the Deyma River.  
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Due to the absence of a required set of direct measurement data at the outlet cross-

sections, the analysis of average annual values of discharge at the outlet cross-sections of the 

Pregolya River and its tributaries was carried out based on numerical simulation results by model 

Preglya-HYPE for a period of 30 years (1979-2009). 

A set of calibration parameters were assigned using the data at the control cross-section of 

the Pregolya River (measurement point in Gvardeysk). The correlation staticstics between 

measured and simulated discharges at this cross-section were as following: the correlation 

coefficient (R),  the Nash-Satcliff efficiency (NSE) and relative error (RE) stated as R = 0.89, 

NSE = 0.62, RE = 0.056. Long-term average measured discharge was 90 m3/s, the simulated one 

was 89 m3/s.  

Validation of the Pregolya=HYPE model was made by measured discharge data for outlet 

sections of main tributaries of the Pregolya River – Angrapa, Pissa, Lyna-Lava and Instruch 

rivers. For the basin of the Angrapa River, R = 0.86, NSE = 0.59, RE = -0.057, for the sub-basin 

of the Pissa River, R = 0.91, NSE = 0.63, RE = -0.086, for the sub-basin of the Lyna-Lava River, 

R = 0.87, NSE = 0.51, RE = -0.116. A low coefficient is noted for the Instruch River (R = 0.76, 

NSE = 0.68, RE = -0.16), due to theinfluence of local factors. However, in general for all the sub-

basins, the difference between mean annual measured discharge and calculation results does not 

exceed 10%. 

In general, 1.46 km3 of water per year comes to the Kaliningrad Oblast from the territory 

of watershed of the Pregolya River in the neighboring countries (Poland and Lithuania). In 

addition, 1.26 km3 more of surface water is formed on the territory of the Kaliningrad Oblast 

before the division of the Pregolya River into arms. Each individual sub-basin of the Pregolya 

River major tributaries provides through outlet section at the confluence: the Lyna-Lava River - 

1.37 km3/year, the Wengorapa-Angrapa River - 0.69 km3/year, the Instruch River - 0.3 km3/year, 

the Golubaya River - 0.14 km3/year. The flows to the Vistula and Curonian lagoons were 

estimated as 1.96 and 1.2 km3/year respectively, in total it gives the flow of 3.16 km3/year 

towards the Baltic Sea through both lagoons from the Pregolya River catchment. 

The surface runoff parameter obtained as a result of model calculations shows that the 

range of its value varies from 140 to 340 mm, where the minimum values are typical of the upper 

reaches of rivers, and the maximum - for the downstream ones. The average annual water balance 
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of the catchment basin of the Pregolya River consists of 760 mm of precipitation, 530 mm of 

evaporation and 230 mm of surface runoff. 

Given that in the long-term an average of 2.72 km3 of water a year flows through the 

control section of the Pregolya River before its dividing into the arms, then, 1.96 km3 flows 

directly into the Vistula Lagoon (via the Downstream Pregolya), and 1.20 km3 into the Curonian 

Lagoon (via the Deyma branch). Considering the intra-annual changes in the water discharge 

coming into the Vistula and Curonian Lagoons, it should be noted that the well-known ratio of 

60% and 40% of the Pregolya River flow respectively is valid only for the control section of its 

division into the arms. In the outlet sections this ratio is retained during periods of winter and 

spring floods; the ratio accounts for 50% to 50% in the low water period in summer (at the 

expense of evaporation in the watershed of the Downstream Pregolya). 
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8. Ecological module set-up (Gorbunova J.A., Domnin D.A.)  

Source apportionment modelling of nutrient transport in Pregolia River Basin was done 

using FyrisNP model Version 3.1, that was originally developed at Swedish University of 

Agricultural Sciences, dept. of Aquatic Sciences and Assessment. The dynamic FyrisNP model 

calculates source apportioned gross and net transport of nitrogen and phosphorus in rivers and 

lakes. The main scope of the model is to assess the effects of different nutrient reduction 

measures on the catchment scale. The time step for the model is in the majority of applications 

one month and the spatial resolution is on the sub-catchment level. Retention, i.e. losses of 

nutrients in rivers and lakes through sedimentation, up-take by plants and denitrification, is 

calculated as a function of water temperature, nutrients concentrations, water flow, lake surface 

area and stream surface area. The model is calibrated against time series of measured nitrogen or 

phosphorus concentrations by adjusting two parameters (Hansson at all, 2008). 

8.1 Delineation of sub-catchments 

Considering the complexity of the catchment system, the whole catchment area was 

divided for simulation into three constituent parts, with their own model installation: the 

catchment area of the Pregolya River upstream the division into the arms of the Downstream 

Pregolya and Deyma, the catchment area of the Downstream Pregolya, the catchment area of the 

Deyma River. The structure of sub-catchments of these three separate model installations is 

presented on Figures 8.1, 8.2. 

8.2 Input data of nutrient load 

The entire nutrient load inherent in the model setupshould be divided into three main 

types: 

- point sources, discharging the contaminated wastewater into waterways; 

- rural point sources [Rural point sources] (for example, livestock at individual farms) 

discharging their wastewater onto the soil surface; 

- diffuse sources of the nutrients input through the use of mineral and organic fertilizers at 

agricultural fields. 
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Figure 8.1 – Sub-catchment delineation of the catchment area of the Pregolya River upstream the 

division into the arms of the Downstream Pregolya and Deyma. 

  

(a) 

 

(b) 

Fig. 8.2. Sub-catchment delineation: the catchment area of the (a) Downstream Pregolya and (b) 

Deyma River. 
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Settlements discharging the contaminated wastewater into the waterways are considered 

in model set-up as point sources and are defined in the separate file PointSourceData.txt. All the 

sources are not spatially referenced, with specified coordinates, but directly correlated with 

indices of the sub-catchments described in the installation. Each source is characterized by the 

volume of the wastewater discharged per day, the concentration of total nitrogen and phosphorus 

therein, and the share of corresponding inorganic elements. In addition, for a more detailed 

analysis of the nutrient input, the point sources are given their type: 1 or 2. Type 1 corresponds 

to channeled settlements, and type 2 – to the settlements that do not have a single system of 

wastewater collection. A detailed description of calculations of the load coming from the point 

sources is given in the Section 5.1. 

The distribution of settlements in the catchment area of the Pregolya River is shown in 

Figure 8.3 and Table 8.1. 

Table 8.1. Settlements within the catchment area of the Pregolya River (data for Russian 

and Polish parts are corresponded to 2014 and 2011 respectively). 

River basin Administrative unit Administrative district 
Population size 

(persons)

1 2 3 4

Angrapa 

Gusev district Kaliningrad Oblast 1782

Nesterov district Kaliningrad Oblast 0

Ozyorsk district Kaliningrad Oblast 9068

Chernyakhovsk district Kaliningrad Oblast 39151

Sub-total   50001

Golubaya 

Gusev district Kaliningrad Oblast 0

Ozyorsk district Kaliningrad Oblast 3807

Chernyakhovsk district Kaliningrad Oblast 2246

Sub-total  6053

Deyma 

Gvardejsk district Kaliningrad Oblast 15009

Polessk district Kaliningrad Oblast 11713

Sub-total   26722

Instruch 

Gusev district Kaliningrad Oblast 2829

Krasnoznamensk district Kaliningrad Oblast 4786

Neman district Kaliningrad Oblast 1634

Nesterov district Kaliningrad Oblast 203

Chernyakhovsk district Kaliningrad Oblast 2581

Sub-total  12

Lyna-Lawa Gvardejsk district Kaliningrad Oblast 4424
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Ozyorsk district Kaliningrad Oblast 1182

Pravdinsk district Kaliningrad Oblast 18537

Chernyakhovsk district Kaliningrad Oblast 0

Sub-total   24143

Pissa 

Gusev district Kaliningrad Oblast 33002

Nesterov district Kaliningrad Oblast 5376

Ozyorsk district Kaliningrad Oblast 105

Chernyakhovsk district Kaliningrad Oblast 195

Sub-total  38678

Pregolya 

Bagrationovsk district Kaliningrad Oblast 1712

Gvardejsk district Kaliningrad Oblast 9931

Gurjevsk district Kaliningrad Oblast 42499

Zelenogradsk district Kaliningrad Oblast 1522

Kaliningrad Kaliningrad Oblast 448548

Polessk district Kaliningrad Oblast 549

Pravdinsk district Kaliningrad Oblast 0

Svetly district Kaliningrad Oblast 0

Slavsk district Kaliningrad Oblast 0

Chernyakhovsk district Kaliningrad Oblast 3890

Sub-total
  
 508651

Angrapa 

Powiat węgorzewski Warmian-Masurian Voivodeship 17150

Powiat giżycki Warmian-Masurian Voivodeship 0

Powiat gołdapski Warmian-Masurian Voivodeship 23260

Powiat olecki Warmian-Masurian Voivodeship 1500

Powiat suwalski Podlaskie Voivodship  100

Sub-total  42010

Lyna-Lawa 

Powiat bartoszycki Warmian-Masurian Voivodeship 9140

Powiat węgorzewski Warmian-Masurian Voivodeship 7400

Powiat giżycki Warmian-Masurian Voivodeship 4070

Powiat kętrzyński Warmian-Masurian Voivodeship 49290

Powiat lidzbarski Warmian-Masurian Voivodeship 16250

Powiat mrągowski Warmian-Masurian Voivodeship 1470

Powiat nidzicki Warmian-Masurian Voivodeship 0

Powiat olsztyński Warmian-Masurian Voivodeship 196883

Powiat ostródzki Warmian-Masurian Voivodeship 1040

Powiat szczycieński Warmian-Masurian Voivodeship 0

Sub-total   285543
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Pissa 

Wilkowice district  Wilkowice district  1240

Powiat gołdapski Warmian-Masurian Voivodeship 810

Powiat suwalski Podlaskie Voivodship 1410

Sub-total  3460

  Total 997294
 

 
Figure 8.3. Distribution of settlements in the catchment area of the Pregolya River for the 

Russian (2014) and the Polish (2011) parts of the catchment.  

 
Residents of most rural settlements and urban villages have got farm households, 

including livestock breeding. The animal waste products at such farms are most often not 

discharged directly into watercourses, but added into croplands as a nutrient substrate. Therefore, 

the nutrient load coming from this type of livestock husbandry is specified in the model using 

rural point sources (Minor point sources) that discharge wastewater onto the soil surface. A 

detailed description of the load calculations is given in the Section 5.1. 

Any point sources in the model setup are described using the quantity of the wastewater 

coming per day, concentrations of total nitrogen and phosphorus therein, as well as shares of 

corresponding inorganic compounds. The difference between point sources and agricultural point 

sources is that wastewater from the first ones come into the streams, and from the second ones - 

onto the soil surface. These parameters are set in the file of the general installation GeoData.txt 

and correlated with identifiers of corresponding sub-basins. 
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The application of mineral and organic fertilizers for agricultural fields is described in the 

option of diffuse sources of nutrient input in the specialized file CropData.txt. This file describes 

the vegetative characteristics of different types of land, and is linked to the main installation files 

by specifying a region type.  

Two regions were selected for the installation of the Pregolya River – first one for the 

Russian part of the basin, another one for the Polish and Lithuanian parts. A detailed description 

of the load calculations is given in the Section 5.1. 

The greatest anthropogenic impact on water quality via the nutrient runoff is exerted by 

the lands occupied by agricultural fields. Agricultural lands occupy a large part of the Polish part 

of the catchment area (4 thousand km2). More than half of the Russian part of the catchment (1.4 

thousand km2) is occupied by the land, that should be attributed to the territories with open 

meadow vegetation (Table 8.2). 

Thus, both agricultural lands and lands with open meadow vegetation occupy in total 2/3 

of the Polish and Russian parts of the Pregolya River catchment, but ratio between them are 

different, the arable land constitutes 35% against 37% of open land in the Russian part, and 

respectively 55% against 11% in the Polish part (Figure 8.4).  

 

Table 8.2 - Structure of land use of Russian, Polish and Lithuanian parts for the Vistula 

Lagoon catchment in terms of Fyris description, area is given in km2. 

Landuse type Russian part Polish part Lithuanian part 
Mountain 0 0 0 

Forest 1344 2044 20 
Clearcut 0 0 0 
Wetland 303 38 0 

Arable land 2510 4174 23 
Pasture 0 0 0 

Open land 2587 800 31 
Built 6 8 0 

Urban area 300 183 1 
Lakes 37 337 3 

    
Total 7087 7584 78 
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a) 

 

b) 

Figure 8.4 - Structure of land use for (a) Russian and (b) Polish parts of the Pregolya River 

Catchment. 

 

Type specific concentration for different lands 

One of the main parameters that determine the diffuse load in the Fyris model is “Type specific 
concentration” that is the value of runoff from different land use. There are no good quality data 
on nutrients runoff from different land use for South-Western Baltic. So, the data on type 
specific concentrations for South-Eastern Sweden were used (Tables 8.3, 8.4). 

 

 
Table 8.3. Total nitrogen (mg/l) type specific concentration for South-Eastern Sweden (SLU 
data, modelling session, February 2009).  

Month Mountain Forest Clear cuts Mires Other Urban 

1 0 0.415 1.3 0.765 0.415 0 

2 0 0.415 1.3 0.765 0.415 0 

3 0 0.425 1.33 0.805 0.425 0 

4 0 0.425 1.33 0.805 0.425 0 

5 0 0.425 1.33 0.805 0.425 0 

6 0 0.62 1.55 1.22 0.62 0 

7 0 0.62 1.55 1.22 0.62 0 

8 0 0.62 1.55 1.22 0.62 0 

9 0 0.53 1.45 1.03 0.53 0 

10 0 0.53 1.45 1.03 0.53 0 

11 0 0,53 1.45 1.03 0.53 0 

12 0 0.415 1.3 0.765 0.415 0 
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Table 8.4. Total phosphorus (mg/l) type specific concentration for South-Eastern Sweden (SLU 
data, modelling session, February 2009) 

Mountain Forest Clear cuts Mires Other Urban 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 

0 0.008 0.013 0.008 0.05 0 
 

The type specific nitrogen and total phosphorus concentrations for arable land were 

assigned as constant values (no seasonal dynamic) for each sub-catchment. Data for type specific 

concentrations for arable land for Russian and Polish parts of sub-catchments were estimated 

taking into account the rate of organic fertilizers for South-Eastern Sweden (Table 8.5). 

 

Tabl.8.5. Type specific concentrations for arable land. 

National part N (mg/l) P (mg/l) 

Kaliningrad Oblast 4.0 0.3 

Warmino Masurian Voivodeship 7.0 1.5 

 

Change of the type specific concentrations for arable land is a tool to simulate socio-

economic scenarios (Table 8.6).  
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Table 8.6. Type specific concentrations for arable land according to socio-economic 

scenarios. 

Scenarios 
Kaliningrad Oblast 

Warmino Masurian 
Voivodeship 

N (mg/l) P (mg/l) N (mg/l) P (mg/l) 

Baseline period 4.0 0.3 7.0 1.5 

Business as usual  (BAU) 4.0 0.3 7.0 1.5 

Documented future (DF) 8.1 0.63 7.0 1.5 

BAU + Good agriculture practices (GoAP) 4.7 0.3 7.0 1.5 

DF + Good agriculture practices (GoAP) 10.5 1.5 7.0 1.5 
 

 
Specific runoff  

The results of hydrological modeling by HYPE model was used for specific runoff of 

FyrisNP (See Part 7 "Hydrological modeling"). Specific runoff was assigned for each sub-basin 

in terms of mm per month. 

 

External Load 

For the Downstream Pregolya and Deyma model set-ups the external load (the load 

entering the modeled sub-catchment from the upstream via river course) was assigned as 60% 

and 40% of  mass flow rate from upstream Pregolya catchment respectively. This proportion is 

usually used (Lasarenko, Maiewski, 1970) for long-term mean water discharges of Downstream 

Pregolya and Deyma. 

8.3 Calibration and verification 

Calibration and verification of model solutions is based on comparison between 

concentrations of nutrient forms in the outlets obtained in model calculations and from 

monitoring data. 

There are only two calibration parameters in the Fyris model: 

c0[-] – an empirical calibration parameter that determines how strongly the retention is 

reduced by temperatures between 0 °C and 20 °C 

kvs [LT-1] - is an empirical calibration parameter, that regulated the water discharge. 
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There are two default calibration methods provided in the Fyris model: statistic Monte 

Carlo method based on obtaining a large number of realizations of stochastic (random) process, 

and automatic calibration.  

Best fit between the average total nitrogen and phosphorus, obtained by monitoring and 

model data at the outlet sections, was ensured by the Monte Carlo method for data of 2013-2015, 

when screening monitoring was held.  

Temporal variations of total nitrogen at the points 26, 27, 13 during 2012-2013 are 

presented in Figures 8.5-8.7.  

Mean, minimum and maximum concentrations for total nitrogen for the period of 2013-

2015 are shown in Table 8.7. Model result for nitrogen underestimates concentrations for all 

three outlet sections by 6% for the Point 26 (Gvardeysk, Pregolya), by 15% for the Point 27 

(Kaliningrad, Downstream Pregolya) and by 8% for the point 13 (Polessk, Deyma). 

 

 

Figure 8.5. Concentration of total nitrogen at outlet section point 26 for sub-basin 131 of 

Pregolya River Catchment. 

 

Figure 8.6. Concentration of total nitrogen at outlet section point 27 for sub-basin 181 of 

Downstream Pregolya River Catchment. 
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Figure 8.7. Concentration of total nitrogen at outlet section point 13 for sub-basin 1931 of 

Deyma River Catchment. 

 

Table 8.7. Mean, minimum and maximum values of concentration for total nitrogen by 

screening monitoring results and simulations for the period of 2013-2015. 

 Relative difference for mean 
values: (Mod-Monit)/Monit 

Mean, mg/l Minimum, 
mg/l 

Maximum, 
mg/l 

Outlet section 26 for sub-basin 131 of Pregolya River Catchment 

Monitoring  
-6% 

1.76 0.70 3.05 

Modelling 1.66 1.08 2.02 

Outlet section 26 for sub-basin 181 of Downstream Pregolya River Catchment 

Monitoring  
-15% 

1.92 1.50 1.50 

Modelling 1.64 1.44 1.85 

Outlet section 13 for sub-basin 1931 of Deyma River Catchment 

Monitoring  
-8% 

2.21 0.70 3.50 

Modelling 2.04 1.49 4.04 

 

Temporal variations of total phosphorus at the points 26, 27, 13 during 2012-2013 are 

presented in Figures 8.8-8.10. Model variations are more smooth in comparison with measured 

values.  

Mean, minimum and maximum concentrations for total phosphorus for the period of 

2013-2015 are shown in Table 8.4. Model result for phosphorus overestimated concentrations for 

all three outlet sections by 6% for the Point 26 (Gvardeysk, Pregolya), by 7% for the Point 27 

(Kaliningrad, Downstream Pregolya) and by 6% for the point 13 (Polessk, Deyma). 
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Mean, minimum and maximum values of concentration for total phosphorus on period  

2013-2015 shown in Table 8.8. Misalignments between observed and simulated values are 6% 

(Station 26, Gvardeysk, Pregolya), 6% (Station 27, Kaliningrad, Downstream Pregolya) and 8% 

(Station 13, Polessk, Deyma). 

 

Figure 8.8. Concentration of total phosphorus at outlet section point 26 for sub-basin 131 of 

Pregolya River Catchment. 

 

Figure 8.9. Concentration of total phosphorus at outlet section point 27 for sub-basin 181 of 

Downstream Pregolya River Catchment. 

 

Figure 8.10. Concentration of total phosphorus at outlet section point 13 for sub-basin 1931 of 

Deyma River Catchment. 
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Table 8.8. Mean, minimum and maximum values of concentration for total phosphorus 

by screening monitoring results and simulations for the period of 2013-2015. 

 Relative difference for mean 
values: (Mod-Monit)/Monit 

Mean, mg/l Minimum, 
mg/l 

Maximum, 
mg/l 

Outlet section 26 for sub-basin 131 of Pregolya River Catchment 

Monitoring  
6% 

0.16 0.11 0.28 

Modelling 0.17 0.08 0.26 

Outlet section 26 for sub-basin 181 of Downstream Pregolya River Catchment 

Monitoring  
6% 

0.18 0.12 0.28 

Modelling 0.19 0.15 0.25 

Outlet section 13 for sub-basin 1931 of Deyma River Catchment 

Monitoring  
8% 

0.13 0.09 0.17 

Modelling 0.14 0.08 0.24 

 

Coefficients co and kvs (Table 8.9), obtained during the calibration, were used for 

scenario simulations. 

Table 8.9. Coefficients co и kvs obtained during calibration. 

Modeling installation Total nitrogen Total phosphorus 

co kvs co kvs 

Pregolya upstream the separation into 
Downstream Pregolya and Deyma.  

0.805 4.602 0.975 4.781 

Downstream Pregolya 0.983 1.083 0.944 0.957 

Deyma 0.957 0.5 0.9 5.5 
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9. Response of hydrological regime of the Pregolya 
River basin on climate changes in the South-Eastern 
Baltic Region (Domnin D.A., Voropaev R.S., Chubarenko B.V.) 

Based on a calibrated model setup (1991-2010) for the catchment basin of the Pregolya 

River and using model data of climate scenarios for the period of 2041-2060, calculations of a 

possible response of hydrological characteristics to the future climate changes have been made. 

The responses to changes in the atmospheric impact have been analysed according to 4 (four) 

climate scenarios: CanESM2_RCA4, CM5A-MR_WRF, CNRM-CM5_RCA4, MPI-ESM-

LR_CCLM (see section 4). 

9.1 CanESM2_RCA4 scenario  

The mean annual flow rate at the monitoring outlet of Gvardeysk (before the river's 

division into arms), reconstructed through modeling for the period of 1991-2010, amounted to 

83.8 m3/s or 2.64 km3 per year. The ratio of precipitation and temperature estimated in the 

scenario CanESM2_RCA4  for 2041-2060 can lead to a decrease in the mean annual flow rate 

by 4% up to 80.7 m3/s, i.e. to the value of 2.55 km3 per year. 

The seasonal cycle of the flow rate, averaged over the period of 2041-2060, the fore 

scenarios CanESM2_RCA4 is different from the one similar for the baseline period (1991-

2010). The maximum flow rate is forecasted for the spring flood period, but the flood duration is 

shorter than in the baseline period, and the values of the maximum flow rate are 30-40 mm 

higher. On the other hand, the flow rate during the summer low water is on average 10-20 mm 

lower than for the baseline period. In addition, in case of the scenario solution, the summer low-

water period turns out to be longer, goes into the autumn period and lasts till December (Fig. 

9.1). 

A consistent pattern of increase in the depth of runoff from the upper reaches of the 

catchment area of the Pregolya River towards the outlets remains unchanged both for the 

forecast and baseline periods. The minimum runoff depth (less than 150 mm/year) is 

characteristic for the upper sub-basins of the Lawa, Angrapa and Pissa Rivers. The highest 

runoff depth (more than 250 mm) is typical of the catchment area of the Pregolya River before 
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the division into arms and the catchment of the Deyma River, though the water content is slightly 

reduced below this outlet (Fig. 9.2 a). The runoff depth values over 275 mm for the scenario 

CanESM2_RCA4 (2041-2060) have not been observed for any of the sub-basins. 

 

Figure 9.1 – Seasonal variations of water discharge (averaged for the period 2041-2061) of the 

Pregolya River (Gvardeysk) according to CanESM2_RCA4 climate scenario in comparison with 

the Re-analysis data. 

        Comparing the difference between the runoff depth values according to the climate 

scenario CanESM2_RCA4 (2041-2060) and the baseline period (1991-2010), we can make a 

conclusion that the sub-basins of the lower reaches of the Pregolya River can have a much 

smaller runoff depth in the future compared with the baseline period (20-50 mm); this difference 

is negligible (up to 10 mm) in the middle and upper reaches, and there is an increase in the 

runoff depth (up to 10 mm) for certain basins (Fig. 9.2 b). 
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(a)   (b)  

Figure 9.2 – Depth of runoff (a) of the Pregolya River catchment according to CanESM2_RCA4 

climate scenario (2041-206) and the difference in depth of the runoff (b) between 

CanESM2_RCA4 climate scenario 2041-2061 and baseline period of 1991-2010. 

9.2 CM5A-MR_WRF scenario  

According to calculations based on the climate scenario CM5A-MR_WRF (2041-2060.), 

mean annual flow rate at the monitoring outlet of Gvardeysk (before the river's division into 

arms) can amount to 102.6 m3/s or 3.24 km3 of water per year, which is 22% higher compared to 

the baseline period of 1991-2010. 

The characteristics of the seasonal cycle change rather significantly. The maximum flow 

rate still accounts for the flooding period, but it will come sooner than in the baseline period, 

namely in February-March. The water flow rate during the summer low water and autumn floods 

can be 1.5-2 times higher than in the baseline period (Fig. 9.3). 
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Figure 9.3 - Seasonal variations of water discharge (averaged for the period 2041-2061) 

of the Pregolya River (Gvardeysk) by CM5A-MR_WRF climate scenario in comparison with the 

Re-analysis data. 

 

The average runoff depth for the catchment area of the Pregolya River can be 262 

mm/year (19% more than in the baseline period), according to the scenario CM5A-MR_WRF. A 

consistent pattern of increase in the depth of runoff from the upper reaches of the catchment area 

of the Pregolya River towards the outlets remains unchanged both for the forecast and baseline 

periods. 

The upper sub-basins of the Lawa, Angrapa and Pissa Rivers are characterized by the 

minimum runoff depth, which can be around 200-220 mm/year. The highest runoff depth (over 

300 mm) is typical of the Deyma River (Fig. 9.4 a). 

Comparing the difference between the runoff depth values according to the climate 

scenario CM5A-MR_WRF (2041-2060) and the baseline period (1991-2010), we can make a 

conclusion that an increase in the runoff depth will be typical of the entire area of the Pregolya 

River catchment in the future compared with the baseline period. The biggest increase is typical 

of the middle reaches of the river (60-90 mm); in the lower and upper reaches it will increase by 

10-50 mm per year. (Fig. 9.4 b). 
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(a)  (b)

Figure 9.4 - Depth of runoff (a) of the Pregolya River catchment according to CM5A-MR_WRF 

climate scenario (2041-206) and the difference in depth of the runoff (b) between CM5A-

MR_WRF climate scenario 2041-2061 and baseline period of 1991-2010. 

 

9.3 CNRM-CM5_RCA4 scenario 

According to calculations based on the climatic scenario CNRM-CM5_RC (2041-2060), 

the mean annual flow rate at the monitoring outlet of Gvardeysk (before the river's division into 

arms) can amount to 110 m3/s, which is 32% higher than in the baseline period. Such a 

significant increase in the water flow rate will lead to increase in the total annual runoff up to the 

level of 3.47 km3 per year, which is higher than the amount in the baseline period by almost 1 

km3 per year. The data obtained for the specified scenario present the most extreme 

manifestation of climate changes among all of the scenario solutions. 

The seasonal cycle for the forecast solution has significant differences from the seasonal 

cycle for the baseline period. The maximum accounts for the spring flood period, however, it 

occurs earlier in February and the values are 40-60 mm higher. The runoff values during the 

summer low-water period are similar to the baseline period. Autumn and winter floods appear as 

early as in October, the water flow rate at this time is 1.5-2 times higher than in the baseline 

period (Fig. 9.5). In general, the seasonal cycle for the forecast solution (2041-2060) shows a 

shift of hydrological seasons by one month earlier compared to the baseline period. 
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Figure 9.5 - Seasonal variations of water discharge (averaged for the period 2041-2061) of the 

Pregolya River (Gvardeysk) according to CNRM-CM5_RC climate scenario in comparison with 

the Re-analysis data. 

The average runoff depth for the catchment area of the Pregolya River according to the 

scenario CNRM-CM5_RCA4 can amount to 282 mm/year, which is 28% higher than in the 

baseline period. Maximum values are typical of sub-basins of the lower reaches; the runoff depth 

may be over 300 mm here, and over 360 mm in the sub-basin of the Deyma River. The upper 

part of the Pregolya River basin is characterized by the values of 200-230 mm/year (Fig. 9.6 a). 

According to calculations based on the scenario CNRM-CM5_RCA4 (2041-2060), the 

entire model catchment area will experience an increase in the runoff depth by 30-50 mm/year; 

for certain sub-basins of the middle reaches of the Lawa and Angrapa Rivers the increase may 

amount to 100-120 mm/year (Fig. 9.6 b). 
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(a)  (b)  

Figure 9.6 - Depth of runoff (a) of the Pregolya River catchment according to CNRM-

CM5_RCA4 climate scenario (2041-206) and the difference in depth of the runoff (b) between 

CNRM-CM5_RCA4 climate scenario 2041-2061 and baseline period of 1991-2010. 

 

9.4 MPI-ESM-LR_CCLM scenario 

The ratio of precipitation and temperature estimated in the scenario MPI-ESM-

LR_CCLM, may lead to decrease in the average flow rate by 8% compared to the baseline 

period, i.e. up to 77.1 m3/s per year, or 2.43 km3. 

The seasonal cycle for the forecast period is different from the seasonal cycle of the 

baseline period. The maximum flow rate occurs during the spring flood period; however, the 

flood duration is much shorter than in the baseline period; maximum values are 10-20 mm higher 

and account for the turn of February and March. The summer-autumn low-water period begins 

late in August and continues till late November (Fig. 9.7). 
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Figure 9.7 - Seasonal variations of water discharge (averaged for the period 2041-2061) of the 

Pregolya River (Gvardeysk) according to MPI-ESM-LR_CCLM climate scenario in comparison 

with the Re-analysis data. 

The average runoff depth for the entire catchment area of the Pregolya River according to 

the scenario MPI-ESM-LR_CCLM can amount to 197 mm/year, which is an absolute minimum 

among all of the scenario forecasts (10% lower than in the baseline period). A consistent pattern 

of increase in the depth of runoff from the upper reaches of the catchment area of the Pregolya 

River towards the outlets remains unchanged both for the forecast and baseline periods. 

The minimum runoff depth (less than 140-160 mm/year) is characteristic for the upper 

sub-basins of the Lawa, Angrapa and Pissa Rivers. The estuarial areas of the Pregolya and 

Deyma Rivers are characterized by the highest value of the runoff depth (200-230 mm for the 

Pregolya, 230-260 mm for the Deyma) (Fig. 9.2 a). 

Analyzing spatial variations of the difference in the runoff depth values for the forecast 

(2041-2060) and baseline (1991-2010) scenarios, we have revealed that the sub-basins of the 

lower reaches may have a much smaller runoff depth in the future compared with the baseline 

period (30-60 mm); the forecast also shows a slight increase in the runoff depth (10-20 mm) in 

the middle reaches of the Pregolya River and its decrease in the upper sub-basins (Fig. 9.2 b). 
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(a)  (b)  

Figure 9.8 - Depth of runoff (a) of the Pregolya River catchment according to MPI-ESM-

LR_CCLM climate scenario (2041-206) and the difference in depth of the runoff (b) between 

MPI-ESM-LR_CCLM climate scenario 2041-2061 and baseline period of 1991-2010. 

 

9.5 Uncertaincy in characteristics of the hydrological regime for 
climate period 2041-2060. 

The following presents a summary of the values of hydrometeorological characteristics of 

the catchment area of the Pregolya River for the baseline period (1991-2010) and climate 

projection for 20141-2060. 

 

The analysis revealed that in case of implementation of all climate scenarios, there is an 

increase in both temperature and precipitation, but with different intensity. However, the increase 

in precipitation does not always lead to an increase in the river runoff from the catchment area. 

This nonlinearity is associated primarily with an increase in temperature, which leads to 

increased evaporation from the catchment area.  

Consequently, it is possible to observe an increase in the river runoff only in two (out of 

four) scenario solutions (CM5A-MR_WRF, CNRM-CM5_RCA4). As for other two 

(CanESM2_RCA4, MPI-ESM-LR_CCLM), the reverse situation is possible — decrease in the 

water runoff from the basin of the Pregolya River. This suggests that conditions in the Pregolya 

River basin are very sensitive to emerging combinations in the couple of "temperature-
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precipitation", so the forecast result for the river water runoff values is highly dependent on a 

forecast of atmospheric parameters. 

There was a divergence within the basin of the Pregolya River in quantitative 

characteristics for individual sub-basins within the two forecast solutions. This is an indicator of 

the fact that we cannot indiscriminately apply results of the climate projections obtained for the 

entire basin to its separate parts; there should be an "individual" approach  in case of separate 

sub-basins.   

 

Table 9.1. Main hydrological and meteorological characteristics of the catchment area of 

the Pregolya River for possible scenario solutions (20141-2060) and their changes relative to the 

baseline period (signs (+)/(-) % denote increase /decrease of the average value of a parameter 

relative to the baseline period 1991-2010). 

Scenario Precipitation Temperature Discharge Runoff

 mm % °C % m3/s % mm %

Baseline, 1991-2010 795 0 7.8 0 83.8 0 220 0

CanESM2_RCA4, 
2041-2060 

854 +7.5 9.8 +26.9 80.9 -3.4 206 -6.4 

CM5A-MR_WRF, 
2041-2060 

925 +16.4 9.1 +17.4 102.6 +22.4 262 +19.1 

CNRM-CM5_RCA4, 
2041-2060 

1011 +27.2 9.4 +21.4 110.1 +31.4 282 +28.2 

MPI-ESM-LR_CCLM, 
2041-2060 

865 +8.8 9.3 +19.7 77.1 -8.0 197 -10.5 

  

The uncertainty of changes in meteorological and hydrological characteristics for climate 

period 2041-2060 in comparison to baseline period 1991-2010 is described by the range obtained 

by above mentioned projections made for 2041-2060: 

- the precipitation will increase, and the range of changes will be from +59 mm (+7%) to 

+216 mm (+27%); 

- the mean annual air temperature will increase by 1.3 – 2°C; 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

151 

 

- the projection for the mean annual discharge is not unambiguous, it may decreases by 7 

m3/s (-8%) or increases by 26 m3/s (+31%); 

- therefore, the mean annual specific run-off is not unambiguous, it may decrease by 23 

mm (-10%) or increases by 62 mm (+28%); 

Consequently, two (out of the four) climate projections (CM5A-MR_WRF, CNRM-

CM5_RCA4) project increases to discharge while the other two (CanESM2_RCA4, MPI-ESM-

LR_CCLM), project decreases. This suggests that the conditions in the Pregolya River basin are 

very sensitive to changes in evapotranspiration which is a result of the coupling of temperature 

and precipitation and thus is sensitive to climate model (CM) uncertainty. However simulation of 

evapotranspiration is a large uncertainty in hydrological models (HM) so HM uncertainty also 

should be taken into account when interpreting these results. 

As we can see the increase in precipitation does not always lead to an increase in the river 

runoff from the catchment area. This nonlinearity is associated primarily with an increase in 

temperature, which leads to increased evapotranspiration from the catchment area.  

Table 9.2. Main hydrological and meteorological characteristics (Value) of the catchment 

area of the Pregolya River for climate projections (2041-2060) and their relative changes (∆) in 

percentage with signs (+)/(-), which denote an increase or decrease of the average value of a 

parameter relative to the baseline period 1991-2010. 

Parameters 
Baseline, 

1991-2010 

Climate projection, 2041-2061  
Min Max 

Value ∆ % Value ∆ % 
Precipitation, mm 795 854 +59 +7 1011 +216 +27 
Temperature, °C 7.8 9.1 +1.3 – 9.8 +2 – 
Discharge, m3/s 83.8 77.1 -6.7 -8 110.1 +26.3 +31 
Runoff, mm 220 197 -23 -10 282 +62 +28 
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10. Response of the Pregolya River catchment nutrient 
emission and retention on possible climate changes in 
the South-Eastern Baltic (Domnin D.A., Voropaev R.S., Chubarenko 
B.V.) 

The sections below present results of scenario simulation per each scenario. The overview of 

results is given in the section ‘13. Synthesis of scenario analysis’. 

10.1  Emission and retention during the Baseline period (1991-2010) 

Nitrogen. Modeling results of the total nitrogen emission over the baseline period 1991-

2010 from the sub-basins of the Pregolya River catchment are illustrated in Figure 10.1. 

Calculations were made for natural variations of atmospheric forcing (monthly data on 

precipitation and air temperature over the 20-year of baseline period of 2041-2060) and a fixed 

yearly nutrient load estimated according to the level of 2014.  

The maximum total nitrogen load shall be observed in the sub-basins 5315 (1773 

tons/year), 513 (1786 tons/year), 512 (917 tons/year), 521 (666 tons/year) and 312 (646 

tons/year). The highest total nitrogen emission through the river network shall take place in the 

sub-basins 531 (1416 tons/year), 513 (576 tons/year), 521 (362 tons/year). A significant 

difference between the load on the catchment area and the total nitrogen amount exported by the 

watercourse (emission) shall be noted for the sub-basins 513, 512, 312. 

 
Figure 10.1 – Mean annual (1991-2010) total nitrogen load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(1991-2010), fixed nutrient load (2014 yearly mean).   

                                                            
5 The numbers of sub‐basins are presented in the Figure 10.71 (the last figure of this section).  
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The mean annual specific total nitrogen emission from the sub-basins of the Pregolya 

River catchment over the baseline period 1991-2010 is presented in the Figure 10.2a and 

expresses the emission in ton of nitrogen from square kilometer per year. The maximum of 

emission is attributed to sub-basins 541 (1.4 tonN/year/km2), 531 and 351 (1.2 tonN/year/km2). 

The mean annual specific retention in the sub-basins of the Pregolya River catchment 

over the baseline period 1991-2010 is presented in the Figure 10.2b. It is illustrates the 

assimilation capacity of the landscape and is expressed in terms of accumulation in ton of 

nitrogen per  square kilometer per year. The maximal values are attributed to lake systems in 

sub-basins 613, 621 (the Vystitis Lake), 312 (Mamry Lake), sub-basin 511 and 512. In listed 

sub-basins More than 75% of retention in the Pregolya River catchment practically takes place in 

the sub-basins listed above.  

 

 
а) 

 
b) 

Figure 10.2 – Mean annual specific total nitrogen (a) emission and (b) retention for the Pregolya River 

catchment in the period 1991-2010 by results of modeling forcing scenario: monthly mean air 

temperature and precipitation, fixed nutrient load (2014 yearly mean). 

 

Modeling results of the total nitrogen concentration at the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 1991-2010 are shown in Figure 10.3. Variations of average 

monthly concentrations have seasonal variability. 
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Figure 10.3 – Variations of the monthly mean total nitrogen concentration at outlets sections of the 

Pregolya, Downstream Pregolya and Deyma catchments during 1991-2010. Modeling forcing scenario: 

monthly mean air temperature and precipitation Modeling forcing scenario: monthly mean air 

temperature and precipitation (1991-2010), fixed nutrient load (2014 yearly mean), fixed nutrient load 

(2014 yearly mean). 

Monthly values of the total nitrogen concentrations obtained through modeling at the 

outlets sections of individual catchment areas of the Pregolya River, Downstream Pregolya River 

and Deyma Branch as averaged over the period of 1991-2010 are shown in Table 10.1. These 

concentrations are resulted after the distribution of the nutrient fluxes between two branches of 

the Pregolya River and processes of retention within their catchments.  

 

Table 10.1 – Total nitrogen concentration at outlets sections of the proper Pregolya, Downstream 

Pregolya and Deyma catchments during 1991-2010.  

 Pregolya 

River 

(Gvardeysk), 

mg/l 

Downstream 

Pregolya 

(Kaliningrad), 

mg/l 

Deyma 

(Polessk), 

mg/l 

Mean 1.54 1.63 2.10 

Mean square deviation 0.37 0.13 0.76 

Maximum 2.15 1.90 6.01 

Minimum 0.28 0.94 1.31 

 

Modeling results of annual total nitrogen emission from the individual catchment areas of 

the Pregolya River, Downstream Pregolya and Deyma over the period of 1991-2010 are shown 

in Table 10.2. The highest value of the emission into the Curonian and Vistula (Kaliningrad) 

Lagoons accounts for the year 1994 (9341 tons), and the lowest for the year 1991 (2399 tons). 
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Table 10.2 – Yearly mean values of the emission of total nitrogen from the main segments of the 

Pregolya River catchment for 1991-2010. 

Year 

 

Pregolya 

River 

(Gvardeysk), 

ton/year 

Downstream 

Pregolya 

(Kaliningrad), 

ton/year 

Deyma 

(Polessk), 

ton/year 

Downstream 

Pregolya and 

Deyma, 

ton/year 

1991 2055 1424 975 2399

1992 6730 4380 2881 7260

1993 5238 3390 2263 5653

1994 8777 5621 3720 9341

1995 4847 3133 2101 5234

1996 3275 2107 1443 3550

1997 3902 2599 1749 4348

1998 5865 3883 2567 6450

1999 4600 3047 2021 5069

2000 4441 2885 1919 4804

2001 3283 2187 1501 3688

2002 6238 4040 2677 6718

2003 4016 2660 1784 4444

2004 5161 3394 2262 5656

2005 5139 3365 2251 5617

2006 3595 2342 1609 3951

2007 5594 3874 2499 6374

2008 4652 3108 2058 5166

2009 4710 3070 2058 5129

2010 4149 2681 1828 4508

 

Interannual variations of modeled volume of the annual total nitrogen emission coming 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma 

over 1991-2010 are shown in Figure 10.4. There is a visible upward several-years trend of the 

nitrogen emission for the periods of 1991-1994 and 1996-1998 a downward trend for 1994-1996, 

1998-2001 and 2007-2010. There are also periods of sharp abrupt growth and smooth reduction 

of the outflow value to be observed during the interannual period. They are determined by the 

course of weather impact parameters - air temperature and precipitation. 
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Figure 10.4 – Variations of the yearly mean total nitrogen emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 1991-2010. Modeling 

forcing scenario: monthly mean air temperature and precipitation (1991-2010), fixed nutrient load (2014 

yearly mean). 

 
The main sources of the total nitrogen input into the individual catchment area of the 

Pregolya River (Figure 10.5), according to modeling data for 1991-2010, shall be: arable lands 
(58%), wastewater of livestock enterprises (21%) and municipal wastewater (12%). 

 
The main sources of total nitrogen input into the individual catchment area of the 

Downstream Pregolya (Figure 10.6), according to modeling data for 1991-2010, shall be: 
wastewater of livestock enterprises (29%), municipal wastewater (18%) and arable lands (27%). 

 
The main sources of total nitrogen input into the individual catchment area of the Deyma 

River (Figure 10.7), according to modeling data for 1991-2010, shall be: municipal wastewater 
(44%), arable lands (14%), wastewater of livestock enterprises (12%). 

 
Thus, for the period of 1991-2010 the main sources of the total nitrogen input shall be 

arable lands, wastewater of livestock enterprises and municipal wastewater. 
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Figure 10.5 – Total nitrogen source apportionment for the Pregolya River catchment segment (upstream 

the Gvardeysk). Modeling forcing scenario: monthly mean air temperature and precipitation (1991-2010), 

fixed nutrient load (2014 yearly mean). 

 
Figure 10.6 – Total nitrogen source apportionment for the Downstream Pregolya River catchment 

segment. Modeling forcing scenario: monthly mean air temperature and precipitation (1991-2010), fixed 

nutrient load (2014 yearly mean). 
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Figure 10.7 – Total nitrogen source apportionment for the Deyma River catchment segment. Modeling 

forcing scenario: monthly mean air temperature and precipitation (1991-2010), fixed nutrient load (2014 

yearly mean). 

 

Phosphorus. Modeling results of the total phosphorus emission over the baseline period 
1991-2010 from the sub-basins of the Pregolya River catchment are illustrated in Figure 10.8. 
Calculations were made for natural variations of atmospheric forcing (monthly data on 
precipitation and air temperature over the 20-year of baseline period of 2041-2060) and a fixed 
yearly nutrient load estimated according to the level of 2014.  

The maximum total phosphorus load shall be observed in the sub-basins 513 (338 
tons/year), 531 (336 tons/year), 521 (164 tons/year), 512 (158 tons/year) and 312 (117 
tons/year). The highest total nitrogen emission through the river network shall take place in the 
sub-basins 531 (265 tons/year), 513 (78 tons/year), 521 (71 tons/year). A significant difference 
between the load on the catchment area and the total nitrogen amount exported by the 
watercourse (emission) shall be noted for the sub-basins 513, 512, 312. 

 

 
Figure 10.8 – Mean annual (1991-2010) total phosphorus load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

Modeling forcing scenario: monthly mean air temperature and precipitation (1991-2010), fixed nutrient 

load (2014 yearly mean), fixed nutrient load (2014 yearly mean). 
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The mean annual specific total phosphorus emission from the sub-basins of the Pregolya 

River catchment over the baseline period 1991-2010 is presented in the Figure 10.9a and 

expresses the emission in ton of phosphorus from square kilometer per year. The maximum of 

emission is attributed to sub-basins 541 (0.3 tonP/year/km2), 531 (0.2 tonN/year/km2). 

The mean annual specific retention in the sub-basins of the Pregolya River catchment 

over the baseline period 1991-2010 is presented in the Figure 10.9b. It is illustrates the 

assimilation capacity of the landscape and is expressed in terms of accumulation in ton of 

phosphorus per square kilometer per year. The maximal values are attributed to lake systems in 

sub-basins 611, 613, 621 (the Vystitis Lake), sub-basin 513, 512 and 511. In listed sub-basins 

More than 75% of retention in the Pregolya River catchment practically takes place in the sub-

basins listed above.  

 

(a) (b) 

Figure 10.9 – Mean annual total phosphorus (a) emission and (b) retention for the Pregolya River 

catchment in the period 1991-2010 by results of modeling forcing scenario: monthly mean air 

temperature and precipitation, fixed nutrient load (2014 yearly mean). 

 

Modeling results of the total phosphorus concentration at the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 1991-2010 are shown in Figure 10.10. Variations of average 

monthly concentrations have seasonal variability. 
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Figure 10.10 – Variations of the monthly mean total phosphorus concentration at outlets sections of the 

Pregolya, Downstream Pregolya and Deyma catchments during 1991-2010. Modeling forcing scenario: 

monthly mean air temperature and precipitation Modeling forcing scenario: monthly mean air 

temperature and precipitation (1991-2010), fixed nutrient load (2014 yearly mean), fixed nutrient load 

(2014 yearly mean). 

 

Monthly values of the total phosphorus concentrations obtained through modeling at the 

outlets sections of individual catchment areas of the Pregolya River, Downstream Pregolya River 

and Deyma Branch as averaged over the period of 1991-2010 are shown in Table 10.3. These 

concentrations are resulted after the distribution of the nutrient fluxes between two branches of 

the Pregolya River and processes of retention within their catchments.  

 

Table 10.3 – Total phosphorus concentration at outlets sections of the proper Pregolya, 

Downstream Pregolya and Deyma catchments during 1991-2010.  

 

Pregolya 

River 

(Gvardeysk), 

mg/l 

Downstream 

Pregolya 

(Kaliningrad), 

mg/l 

Deyma 

(Polessk), 

mg/l 

Mean 0.17 0.20 0.15 

Mean square deviation 0.07 0.04 0.06 

Maximum 0.31 0.29 0.28 

Minimum 0.02 0.12 0.07 

 

Modeling results of annual total phosphorus emission from the individual catchment 

areas of the Pregolya River, Downstream Pregolya and Deyma over the period of 1991-2010 are 

shown in Table 10.4. The highest value of the emission delivered into the Curonian and Vistula 
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(Kaliningrad) Lagoons accounts for the year 1994 (1278 tons), and the lowest for the year 1991 

(255 tons). 

 

Table 10.4 – Yearly mean values of the emission of total phosphorus from the main segments of 

the Pregolya River catchment for 1991-2010. 

Year 
  

Pregolya 

River 

(Gvardeysk), 

ton/year 

Downstream 

Pregolya 

(Kaliningrad), 

ton/year 

Deyma 

(Polessk), 

ton/year 

Downstream 

Pregolya and 

Deyma, 

ton/year 

1991 237 163 93 255

1992 930 583 360 943

1993 676 427 262 690

1994 1258 783 495 1278

1995 641 406 248 653

1996 447 283 175 458

1997 489 317 188 505

1998 766 490 299 789

1999 620 396 239 635

2000 619 391 241 632

2001 399 260 152 412

2002 869 547 341 888

2003 514 330 198 528

2004 687 437 265 701

2005 679 432 265 697

2006 467 296 176 472

2007 737 483 290 774

2008 624 401 243 645

2009 621 394 241 635

2010 541 342 206 548

 

Interannual variations of modeled volume of the annual total nitrogen emission coming 
from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma 
over 1991-2010 are shown in Figure 10.11. There is a visible upward several-years positive trend 
of the phosphorus emission for the periods of 1991-1994 and 1996-1998 a downward trend for 
1994-1996, 1998-2001 and 2007-2010. There are also periods of sharp abrupt growth and 
smooth reduction of the outflow value to be observed during the interannual period. They are 
determined by the course of weather impact parameters - air temperature and precipitation. 

 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

162 

 

 
Figure 10.11 – Variations of the yearly mean total phosphorus emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 1991-2010. Modeling 

forcing scenario: monthly mean air temperature and precipitation, fixed nutrient load (2014 yearly mean). 

 

The main sources of the total phosphorus input into the individual catchment area of the 
Pregolya River (Figure 10.12), according to modeling data for 1991-2010, shall be: arable lands 
(67%), municipal wastewater (15%) and wastewater of livestock enterprises (13%). 

The main sources of total nitrogen input into the individual catchment area of the 
Downstream Pregolya (Figure 10.13), according to modeling data for 1991-2010, shall be: 
wastewater of livestock enterprises (31%), municipal wastewater (28%) and arable lands (21%). 

The main sources of total nitrogen input into the individual catchment area of the Deyma 
River (Figure 10.14), according to modeling data for 1991-2010, shall be: municipal wastewater 
(64%). 

Thus, for the period of 1991-2010 the main sources of the total phosphorus input shall be 

arable lands, municipal wastewater and wastewater of livestock enterprises. 

 
Figure 10.12 – Total phosphorus source apportionment for the Pregolya River catchment segment. 

Modeling forcing scenario: monthly mean air temperature and precipitation, fixed nutrient load (2014 

yearly mean). 
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Figure 10.13 – Total phosphorus source apportionment for the Downstream Pregolya River catchment 

segment. Modeling forcing scenario: monthly mean air temperature and precipitation, fixed nutrient load 

(2014 yearly mean). 

 
Figure 10.14 – Total phosphorus source apportionment for the Deyma River catchment segment. 

Modeling forcing scenario: monthly mean air temperature and precipitation, fixed nutrient load (2014 

yearly mean). 

 

10.2  Emission and retention for climate projection CanESM2_RCA4 
(2041-2060) and nutrient load of the level of 2014. 

Nitrogen. Modeling results of the total nitrogen emission over the period of 2041-2060 
from the sub-basins areas of the Pregolya river system, taking into account the climate scenario 
CanESM2_RCA4 are illustrated in Figure 10.16. Calculations were made for natural variations 
of atmospheric forcing (monthly data on precipitation and air temperature over the 20-year 
period of 2041-2060, resulting in the climate prediction calculation based on CanESM2_RCA4 
model, section 4) and a fixed yearly nutrient load estimated according to the level of 2014.  
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The maximum total nitrogen load shall be observed in the sub-basins 513 (1770 

tons/year), 531 (1326 tons/year), 512 (921 tons/year), 521 (734 tons/year) and 312 (551 

tons/year). The highest total nitrogen emission through the river network shall take place in the 

sub-basins 531 (1326 tons/year), 513 (583 tons/year), 521 (414 tons/year). A significant 

difference between the load on the catchment area and the total nitrogen amount exported by the 

watercourse (emission) shall be noted for the sub-basins 513, 512, 312. 

 

Figure 10.16 – Mean annual (2041-2060) total nitrogen load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(climate projection CanESM2_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean).   

 

The change in the total nitrogen emission over the period of 2041-2060 according to the 

scenario CanESM2_RCA4 (Figure 10.17a) in comparison with the baseline period of 1991-2010 

ranges from -21.8% (sub-basin 151) to 14.5% (sub-basin 521). The total nitrogen emission shall 

be increased in the sub-basins 521 (14.5%), 522 (10.9%); and decreased in the sub-basins 151 (-

21.8%), 312 (19.3%), 411 (-16.6%), 161 (-14.4%), 131 (-14.2%) 611 (-13%). 

The changes in the total nitrogen retention in the catchment area of the Pregolya River in 

2041-2060 according to the scenario CanESM2_RCA4 are shown in Figure 10.17b. Possible 

changes in the total nitrogen retention amount from -7.7% (sub-basin 551) to 75% (421 sub-

basin). The retention of total nitrogen shall be increased in the sub-basins 421 (75%), 1912 

(28.7%), 351 (21%), 331 (19.4%); and decreased in the sub-basins 551 (-7.7%), 521 (-4.7%). 
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а) 

 
b) 

Figure 10.17 – Excess (in %) of the mean annual total nitrogen (a) emission and (b) retention for the 
Pregolya River catchment in the period 2041-2060 in comparison to basic period 1991-2010 by results of 
modeling forcing scenario: monthly mean air temperature and precipitation (climate projection 
CanESM2_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean).

Modeling results of the total nitrogen concentration at the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 2041-2060 are shown in Figure 10.18. Variations of average 

monthly concentrations have seasonal variability. 

 

Figure 10.18 – Variations of the monthly mean total nitrogen concentration at the outlet section of the 

Pregolya, Downstream Pregolya and Deyma catchments during 2041-2060. Modeling forcing scenario: 

monthly mean air temperature and precipitation (climate projection CanESM2_RCA4, 2041-2060), 

fixednutrient load (2014 yearly mean). 
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Monthly values of the total nitrogen concentrations obtained through modeling at the 

outlets sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 

Deyma as averaged over the period of 2041-2060 are shown in Table 10.5. 

 

Table 10.5 – Total nitrogen concentration at the outlet sections of the proper Pregolya, Downstream 

Pregolya and Deyma catchments during 2041-2060.  

 
Pregolya 

(Gvardeysk), 
mg/l 

Downstream 
Pregolya 

(Kaliningrad), 
mg/l 

Deyma 
(Polessk), 

mg/l 

Average 1.45 1.65 2.25 

Mean square deviation 0.44 0.16 0.86 

Maximum 2.07 1.93 5.39 

Minimum 0.17 0.02 0.10 

 

Modeling results of annual nutrient load values of the total nitrogen exported from the 

individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma over the 

period of 2041-2060-years are shown in Table 10.6. The highest value of the load delivered into 

the Curonian and Vistula (Kaliningrad) Lagoons accounts for the year 2042 (7248 tons), and the 

lowest for the year 2058 (2212 tons). 

 

Table 10.6 – Yearly mean values of the total nitrogen emission from the main segments of the 

Pregolya River catchment for 2041-2060. 

Year  
 

Pregolya 
(Gvardeysk), 

ton/year 

Downstream 
Pregolya 

(Kaliningrad), 
ton/year 

Deyma  
(Polessk), 
ton/year 

Downstream 
Pregolya and 

Deyma, 
ton/year 

2041 5930 3828 2572 6401 

2042 6786 4344 2904 7248 

2043 5133 3322 2231 5553 

2044 3945 2569 1733 4302 

2045 4306 2787 1889 4676 

2046 6009 3871 2600 6471 

2047 4214 2713 1847 4561 

2048 5443 3483 2337 5820 

2049 3581 2360 1603 3963 

2050 3205 2094 1450 3545 

2051 5457 3511 2349 5859 

2052 3152 2058 1423 3481 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

167 

 

2053 6441 4120 2738 6857 

2054 5496 3536 2377 5913 

2055 4291 2784 1882 4666 

2056 4096 2694 1832 4526 

2057 4288 2758 1848 4607 

2058 1950 1298 914 2212 

2059 5817 3799 2546 6345 

2060 4308 2776 1874 4650 

 

Interannual variations of modeled volume of the annual total nitrogen emission coming 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma 

over 2041-2060 are shown in Figure 10.19. There is a visible upward trend of the nitrogen 

emission for the periods of 2044-2046 and 2058-2059, and a downward trend for 2042-2044, 

2048-2050 and 2053-2055. There are also periods of sharp abrupt growth and smooth reduction 

of the outflow value to be observed during the interannual period. They are determined by the 

course of weather impact parameters - air temperature and precipitation. 

 

Figure 10.19 – Variations of the yearly mean total nitrogen emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 2041-2060. Modeling 

forcing scenario: monthly mean air temperature and precipitation (climate projection CanESM2_RCA4, 

2041-2060), fixed nutrient load (2014 yearly mean). 

 

The main sources of the total nitrogen input into the individual catchment area of the 
Pregolya River (Figure 10.20), according to modeling data for 2041-2060 years, shall be: arable 
lands (57%), wastewater of livestock enterprises (21%) and municipal wastewater (12%). 

 

The main sources of total nitrogen input into the individual catchment area of the 

Downstream Pregolya (Figure 10.21), according to modeling data for 2041-2060-years, shall be: 

wastewater of livestock enterprises (32%), municipal wastewater (20%) and arable lands (24%). 
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The main sources of total nitrogen input into the individual catchment area of the Deyma 

River (Figure 10.22), according to modeling data for 2041-2060 years, shall be: municipal 

wastewater (46%), arable lands (13%), wastewater of livestock enterprises (13%) and open lands 

(13%). 

 

 

Figure 10.20 – Total nitrogen source apportionment for the Pregolya River catchment segment (upstream 

Gvardeysk) for climate scenario CanESM2_RCA4 (2041-2060) and fixed nutrient load (2014 yearly 

mean). 

 

Figure 10.21 – Total nitrogen source apportionment for the Downstream Pregolya River catchment 

segment for climate scenario CanESM2_RCA4 (2041-2060) and fixed nutrient load (2014 yearly mean). 
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Figure 10.22 – Total nitrogen source apportionment for the Deyma River catchment segment for climate 

scenario CanESM2_RCA4 (2041-2060) and fixed nutrient load (2014 yearly mean). 

 

Thus, for the period of 2041-2060, in accordance with the scenario CanESM2_RCA4, the 

greatest total nitrogen load (which change as compared with the baseline period was caused by a 

change in its natural background component) shall be in the sub-basins 513, 531, 512, 521 (734–

1770 tons/year); the change in the total nitrogen emission shall be from (-21.8%) to (+14.5%). 

The highest total nitrogen emission through the river network shall take place in the sub-basins 

531, 513, 521 (414-1326 tons/year). Change in the retention of the total nitrogen runoff ranges 

from -7.7% to 75%; a significant increase (over 20%) of the nitrogen runoff retention occurs in 

the sub-basins 421, 1912, 351. The main sources of the total nitrogen input shall be arable lands, 

wastewater of livestock enterprises and municipal wastewater. 

 

Phosphorus. Modeling results of the total phosphorus load and emission over the period 

of 2041-2060 from the areas of sub-basins of the Pregolya river system, taking into account the 

scenario CanESM2_RCA4 are illustrated in Figure 10.23. Calculations were made for natural 

variations of atmospheric forcing (monthly data on precipitation and air temperature over the 20-

year period of 2041-2060, obtained in the climate prediction calculation based on 

CanESM2_RCA4 model, section 4) and a fixed annual nutrient load estimated according to the 

level of 2014. 

The maximum total phosphorus load shall be observed in the sub-basins 513 (335 

tons/year), 531 (311 tons/year), 521 (178 tons/year), 512 (159 tons/year) and 312 (98 tons/year). 

The most notable emission of total phosphorus through the river network shall take place in the 

sub-basins 531 (249 tons/year), 513 (83 tons/year), 521 (82 tons/year). The sub-basins 513, 512, 

312 are characterized by a significant difference between the load on the catchment area and the 

amount of total phosphorus delivered by the watercourse (emission). 
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Figure 10.23 – Mean annual (2041-2060) total phosphorus load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(climate projection CanESM2_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean). 

 

Change in the total phosphorus for the period of 2041-2060 according to the scenario 

CanESM2_RCA4 (Figure 10.24a) compared with the baseline period of 1991-2010 ranges from 

-19.3% (sub-basins 151) to 14.7% (sub-basin 521). The total phosphorus emission shall be 

increased in the sub-basins 521 (14.75%), 512 (12.5%), 514 (10.9%), 522 (10.5%); and 

decreased in the sub-basins 151 (-19.3%), 312 (-19.2%), 411 (-16.2%), 161 (-12.2), 131  

(-11.7%). 

Changes in the total phosphorus retention in the drainage basin of the Pregolya River in 

2041-2060 according to the scenario CanESM2_RCA4 are shown in Figure 10.24b. Possible 

changes in the total amount of phosphorus retention range from -11.3% (sub-basin 551) to 64.2% 

(sub-basin 421). The total phosphorus retention shall be increased in the sub-basins 421 (64.2%), 

351 (20.1%), 411 (11.7%), 331 (11.1%), 1912 (10.5%); and decreased in the sub-basins 421  

(-11.3%) 541 (-7.4%). 
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а) 
 

b) 
Figure 10.24 – Excess (in %) of the mean annual total phosphorus (a) emission and (b) retention for the 
Pregolya River catchment in the period of 2041-2060 in comparison to basic period of 1991-2010 by 
results of modeling forcing scenario: monthly mean air temperature and precipitation (climate projection 
CanESM2_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean).

 

Modeling results of the total phosphorus concentration in the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 2041-2060 are shown in Figure 10.25. Variations of average 

monthly concentrations have seasonal variability. 

 

Figure 10.25 – Variations of the monthly mean total phosphorus concentration at the outlet sections of the 
Pregolya, Downstream Pregolya and Deyma catchments during 2041-2060. Modeling forcing scenario: 
monthly mean air temperature and precipitation (climate projection CanESM2_RCA4, 2041-2060), fixed 
nutrient load (2014 yearly mean). 
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Monthly values of the total phosphorus concentrations obtained through modeling at the 

outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 

Deyma as averaged over the period of 2041-2060-years are shown in Table 10.7. 

Table 10.7 – Total phosphorus concentration at the outlet sections of the proper Pregolya, Downstream 

Pregolya and Deyma catchments during 2041-2060.  

 

Pregolya 
(Gvardeysk), 

mg/l 

Downstream 
Pregolya 

(Kaliningrad), 
mg/l 

Deyma 
(Polessk), 

mg/l 

Average 0.16 0.20 0.14 

Mean square deviation 0.08 0.04 0.06 

Maximum 0.31 0.28 0.28 

Minimum 0.00 0.01 0.03 

 

Modeling results of the annual values of nutrient load of the total phosphorus delivered 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma for  

2041-2060 are shown in Table 10.8. The highest value of the load delivered into the Curonian 

and Vistula (Kaliningrad) Lagoons accounts for the year 2042 (963 tons), and the lowest for the 

year 2058 (247 tons). 
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Table 10.8 – Yearly mean values of the emission of total phosphorus from the main segments of 

the Pregolya River catchment for 2041-2060. 

Year 
 

Pregolya 
(Gvardeysk), 

ton/year 

Downstream 
Pregolya 

(Kaliningrad), 
ton/year 

Deyma  
(Polessk), 
ton/year 

Downstream 
Pregolya and 

Deyma, 
ton/year 

2041 822 517 322 839 

2042 950 592 371 963 

2043 703 443 273 716 

2044 532 337 207 545 

2045 613 386 237 624 

2046 824 516 322 838 

2047 550 347 212 559 

2048 758 473 295 769 

2049 481 308 187 495 

2050 407 262 157 419 

2051 763 479 301 780 

2052 396 255 151 406 

2053 924 575 363 938 

2054 752 472 293 764 

2055 568 359 221 579 

2056 525 335 202 537 

2057 597 374 233 607 

2058 235 155 92 247 

2059 781 494 304 798 

2060 579 365 224 589 

Interannual variations of the modeled volume of the yearly emission of the total 

phosphorus delivered from the individual catchment areas of the Pregolya River, Downstream 

Pregolya and Deyma over 2041-2060 are shown in Figure 10.26. There is a visible upward trend 

of the nutrient load for the periods of 2044-2046 and 2058-2059 and a downward trend for 2042-

2044, 2048-2050 and 2053-2056. There are also periods of sharp abrupt growth and smooth 

reduction of the outflow value to be observed during the interannual period. They are determined 

by the course of weather impact parameters - air temperature and precipitation. 
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Figure 10.26 – Variations of the yearly mean total phosphorus emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 2041-2060. Modeling 

forcing scenario: monthly mean air temperature and precipitation (climate projection CanESM2_RCA4, 

2041-2060), fixed nutrient load (2014 yearly mean). 

 

The main sources of total phosphorus input into the individual catchment areas of the 
Pregolya River (Figure 10.27), according to modeling data over 2041-2060 shall be: arable lands 
(67%), municipal wastewater (15%) and wastewater of livestock enterprises (13%). 

The main sources of total phosphorus input into the individual catchment area of the 
Downstream Pregolya (Figure 10.28), according to modeling data over 2041-2060 shall be: 
wastewater of livestock enterprises (33%), municipal wastewater (30%) and arable lands (18%). 

The main source of total phosphorus input into the individual catchment area of the 
Deyma River (Figure 10.29), according to modeling data over 2041-2060 shall be municipal 
wastewater (65%). 

 

 

Figure 10.27 – Total phosphorus source apportionment for the Pregolya River catchment segment 

(upstream Gvardeysk) for climate scenario CanESM2_RCA4 (2041-2060) and fixed nutrient load (2014 

yearly mean). 
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Figure 10.28 – Total phosphorus source apportionment for the Downstream Pregolya River catchment 

segment (downstream Gvardeysk) for climate scenario CanESM2_RCA4 (2041-2060) and fixed nutrient 

load (2014 yearly mean). 

 

Figure 10.29 – Total phosphorus source apportionment for the Deyma River catchment segment for 

climate scenario CanESM2_RCA4 (2041-2060) and fixed nutrient load (2014 yearly mean). 

 

Thus, for the period of 2041-2060, in accordance with the scenario CanESM2_RCA4, the 

greatest total phosphorus load (which change as compared with the baseline period was caused 

by a change in its natural background component) shall be in sub-basins 513, 531, 521, 512 

(159-335 tons/year); the change in the value of total phosphorus nutrient load ranges from  

-19.3% to 14.7%. The greatest total phosphorus emission through the river network shall take 

place in sub-basins 531, 513, 521 (82-249 tons/year). Change in the retention of the runoff of 

total phosphorus ranges from -11.3% to 64.2%; a significant increase (over 20%) of the nutrient 

runoff retention shall occur in sub-basins 421, 351. The main sources of total phosphorus input 

shall be arable lands, municipal wastewater and wastewater of livestock enterprises.  



BONUS Soils2Sea                                  February 2017 D 5.2  

 

176 

 

10.3  Emission and retention for climate projection CM5A-MR_WRF 
(2041-2060) and nutrient load of the level of 2014. 

Nitrogen. Modeling results of the total nitrogen emission over the period of 2041-2060 

from the sub-basins areas of the Pregolya river system, taking into account the climate scenario 

CM5A-MR_WRF are illustrated in Figure 10.30. Calculations were made for natural variations 

of atmospheric forcing (monthly data on precipitation and air temperature over the 20-year 

period of 2041-2060, resulting in the climate prediction calculation based on CM5A-MR_WRF 

model, section 4) and a fixed yearly nutrient load estimated according to the level of 2014.  

The maximum total nitrogen load shall be observed in the sub-basins 513 (2103 

tons/year), 531 (1870 tons/year), 512 (1047 tons/year), 521 (816 tons/year) and 312 (670 

tons/year). The highest total nitrogen emission through the river network shall take place in the 

sub-basins 531 (1534 tons/year), 513 (697 tons/year), 521 (471 tons/year). A significant 

difference between the load on the catchment area and the total nitrogen amount exported by the 

watercourse (emission) shall be noted for the sub-basins 513, 512, 312. 

 

 

Figure 10.30 – Mean annual (2041-2060) total nitrogen load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(climate projection CM5A-MR_WRF, 2041-2060), fixed nutrient load (2014 yearly mean).   

 

The change in the total nitrogen emission over the period of 2041-2060 according to the 

scenario CM5A-MR_WRF (Figure 10.31a) in comparison with the baseline period of 1991-2010 

ranges from -3.6% (sub-basin 312) to 39.3% (sub-basin 611). The total nitrogen emission shall 

be increased in the sub-basins 611 (39.3%), 522 (38.6%), 221 (38.4%), 521 (30.3%), 211 

(30.2%); and decreased in the sub-basins 312 (-3.6%), 151 (-2.4%). 

The changes in the total nitrogen retention in the catchment area of the Pregolya River in 

2041-2060 according to the scenario CM5A-MR_WRF are shown in Figure 10.31b. Possible 

changes in the total nitrogen retention amount from -38.8% (sub-basin 522) to 1.5% (312 sub-

basin). The retention of total nitrogen shall be increased in the sub-basins 312 (1.5%); and 
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decreased in the sub-basins 522 (-38.8%), 641 (-28.8%), 631 (-27.6%), 221 (-25.7%), 1912 (-

24%), 111 (-23.9%), 1911 (-22.9%), 351 (-22.2%), 412 (-21.3%), 1931 (-20.9%). 

 

а)   b) 
Figure 10.31 – Excess (in %) of the mean annual total nitrogen (a) emission and (b) retention for the 
Pregolya River catchment in the period 2041-2060 in comparison to basic period 1991-2010 by results of 
modeling forcing scenario: monthly mean air temperature and precipitation (climate projection CM5A-
MR_WRF, 2041-2060), fixed nutrient load (2014 yearly mean).

 

Modeling results of the total nitrogen concentration at the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 2041-2060 are shown in Figure 10.32. Variations of average 

monthly concentrations have seasonal variability. 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

178 

 

 

 

Figure 10.32 – Variations of the monthly mean total nitrogen concentration at the outlet section of the 

Pregolya, Downstream Pregolya and Deyma catchments during 2041-2060. Modeling forcing scenario: 

monthly mean air temperature and precipitation (climate projection CM5A-MR_WRF, 2041-2060), 

fixednutrient load (2014 yearly mean). 

Monthly values of the total nitrogen concentrations obtained through modeling at the 

outlets sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 

Deyma as averaged over the period of 2041-2060 are shown in Table 10.9. 

 

Table 10.9 – Total nitrogen concentration at the outlet sections of the proper Pregolya, Downstream 

Pregolya and Deyma catchments during 2041-2060.  

 
Pregolya 

(Gvardeysk), 
mg/l 

Downstream 
Pregolya 

(Kaliningrad), 
mg/l 

Deyma 
(Polessk), 

mg/l 

Average 1.56 1.64 1.97 

Mean square deviation 0.33 0.11 0.55 

Maximum 2.02 1.92 5.00 

Minimum 0.31 1.34 1.35 

 

Modeling results of annual nutrient load values of the total nitrogen exported from the 

individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma over the 

period of 2041-2060-years are shown in Table 10.10. The highest value of the load delivered into 

the Curonian and Vistula (Kaliningrad) Lagoons accounts for the year 2041 (9803 tons), and the 

lowest for the year 2051 (1405 tons). 
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Table 10.10 – Yearly mean values of the total nitrogen emission from the main segments of the 

Pregolya River catchment for 2041-2060. 

Year  
 

Pregolya 
(Gvardeysk), 

ton/year 

Downstream 
Pregolya 

(Kaliningrad), 
ton/year 

Deyma  
(Polessk), 
ton/year 

Downstream 
Pregolya and 

Deyma, 
ton/year 

2041 9113 5894 3909 9803 

2042 8293 5344 3555 8899 

2043 7643 4965 3297 8262 

2044 8737 5576 3729 9305 

2045 7895 5103 3396 8498 

2046 7768 5046 3348 8394 

2047 7794 4997 3328 8325 

2048 4096 2668 1828 4495 

2049 6379 4091 2746 6837 

2050 3034 1965 1370 3335 

2051 1206 806 599 1405 

2052 5416 3533 2374 5906 

2053 5543 3565 2405 5970 

2054 3739 2432 1655 4087 

2055 1474 1028 749 1777 

2056 7263 4669 3114 7783 

2057 4714 3033 2049 5082 

2058 7489 4811 3212 8022 

2059 5029 3230 2195 5425 

2060 3484 2286 1557 3843 

 

Interannual variations of modeled volume of the annual total nitrogen emission coming 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma 

over 2041-2060 are shown in Figure 10.33. There is a visible upward trend of the nitrogen 

emission for the periods of 2048-2049, 2051-2052 and 2055-2056, and a downward trend for 

2041-2048, 2049-2051 and 2058-2060. There are also periods of sharp abrupt growth and 

smooth reduction of the outflow value to be observed during the interannual period. They are 

determined by the course of weather impact parameters - air temperature and precipitation. 
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Figure 10.33 – Variations of the yearly mean total nitrogen emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 2041-2060. Modeling 

forcing scenario: monthly mean air temperature and precipitation (climate projection CM5A-MR_WRF, 

2041-2060), fixed nutrient load (2014 yearly mean). 

 

The main sources of the total nitrogen input into the individual catchment area of the 
Pregolya River (Figure 10.34), according to modeling data for 2041-2060 years, shall be: arable 
lands (61%), wastewater of livestock enterprises (19%) and municipal wastewater (10%). 

 

The main sources of total nitrogen input into the individual catchment area of the 

Downstream Pregolya (Figure 10.35), according to modeling data for 2041-2060-years, shall be: 

wastewater of livestock enterprises (29%), arable lands (27%) and municipal wastewater (18%). 

 

The main sources of total nitrogen input into the individual catchment area of the Deyma 

River (Figure 10.36), according to modeling data for 2041-2060 years, shall be: municipal 

wastewater (41%), arable lands (15%), open lands (13%) and wastewater of livestock enterprises 

(11%). 
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Figure 10.34 – Total nitrogen source apportionment for the Pregolya River catchment segment (upstream 

Gvardeysk) for climate scenario CM5A-MR_WRF (2041-2060) and fixed nutrient load (2014 yearly 

mean). 

 

Figure 10.35 – Total nitrogen source apportionment for the Downstream Pregolya River catchment 

segment for climate scenario CM5A-MR_WRF (2041-2060) and fixed nutrient load (2014 yearly mean). 
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Figure 10.36 – Total nitrogen source apportionment for the Deyma River catchment segment for climate 

scenario CM5A-MR_WRF (2041-2060) and fixed nutrient load (2014 yearly mean). 

 

Thus, for the period of 2041-2060, in accordance with the scenario CM5A-MR_WRF, the 

greatest total nitrogen load (which change as compared with the baseline period was caused by a 

change in its natural background component) shall be in the sub-basins 513, 531, 512, 521 (816–

2103 tons/year); the change in the total nitrogen emission shall be from (-3.6%) to (+39.3%). 

The highest total nitrogen emission through the river network shall take place in the sub-basins 

531, 513, 521 (471-1534 tons/year). Change in the retention of the total nitrogen runoff ranges 

from -38.8% to 1.5%; a significant decrease (over 20%) of the nitrogen runoff retention occurs in 

the sub-basins 522, 641, 631, 221, 1912, 111, 1911, 351, 412, 1931. The main sources of the 

total nitrogen input shall be arable lands, wastewater of livestock enterprises and municipal 

wastewater. 

 

Phosphorus. Modeling results of the total phosphorus load and emission over the period 

of 2041-2060 from the areas of sub-basins of the Pregolya river system, taking into account the 

scenario CM5A-MR_WRF are illustrated in Figure 10.37. Calculations were made for natural 

variations of atmospheric forcing (monthly data on precipitation and air temperature over the 20-

year period of 2041-2060, obtained in the climate prediction calculation based on CM5A-

MR_WRF model, section 4) and a fixed annual nutrient load estimated according to the level of 

2014. 

The maximum total phosphorus load shall be observed in the sub-basins 513 (404 

tons/year), 531 (356 tons/year), 521 (195 tons/year), 512 (184 tons/year) and 312 (122 

tons/year). The most notable emission of total phosphorus through the river network shall take 

place in the sub-basins 531 (290 tons/year), 513 (101 tons/year), 521 (94 tons/year). The sub-
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basins 513, 512, 312 are characterized by a significant difference between the load on the 

catchment area and the amount of total phosphorus delivered by the watercourse (emission). 

 

Figure 10.37 – Mean annual (2041-2060) total phosphorus load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(climate projection CM5A-MR_WRF, 2041-2060), fixed nutrient load (2014 yearly mean). 

 

Change in the total phosphorus for the period of 2041-2060 according to the scenario 

CM5A-MR_WRF (Figure 10.38a) compared with the baseline period of 1991-2010 ranges from 

-2.8% (sub-basins 151) to 51.7% (sub-basin 611). The total phosphorus emission shall be 

increased in the sub-basins 611 (51.7%), 221 (37.4%), 613 (36.6%), 522 (35.4%), 621 (34.6%), 

515 (32.6%), 514 (32.5%), 521 (31.5%), 621 (30.5%); and decreased in the sub-basins 151  

(-2.8%), 312 (-0.3%). 

Changes in the total phosphorus retention in the drainage basin of the Pregolya River in 

2041-2060 according to the scenario CM5A-MR_WRF are shown in Figure 10.38b. Possible 

changes in the total amount of phosphorus retention range from -39% (sub-basin 522) to 0.3% 

(sub-basin 312). The total phosphorus retention shall be increased in the sub-basins 312 (0.3%); 

and decreased in the sub-basins 522 (-39%), 641 (-29.3%), 631 (-27.9%), 221  

(-25.9%), 211 (-23.1%), 111 (-22.6%), 351 (-22.2%), 412 (-21.7%), 561 (-20.1%). 
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а)  b) 

Figure 10.38 – Excess (in %) of the mean annual total phosphorus (a) emission and (b) retention for the 
Pregolya River catchment in the period of 2041-2060 in comparison to basic period of 1991-2010 by 
results of modeling forcing scenario: monthly mean air temperature and precipitation (climate projection 
CM5A-MR_WRF, 2041-2060), fixed nutrient load (2014 yearly mean).

 

Modeling results of the total phosphorus concentration in the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 2041-2060 are shown in Figure 10.39. Variations of average 

monthly concentrations have seasonal variability. 

 

Figure 10.39 – Variations of the monthly mean total phosphorus concentration at the outlet sections of the 

Pregolya, Downstream Pregolya and Deyma catchments during 2041-2060. Modeling forcing scenario: 

monthly mean air temperature and precipitation (climate projection CM5A-MR_WRF, 2041-2060), fixed 

nutrient load (2014 yearly mean). 
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Monthly values of the total phosphorus concentrations obtained through modeling at the 

outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 

Deyma as averaged over the period of 2041-2060-years are shown in Table 10.11. 

Table 10.11 – Total phosphorus concentration at the outlet sections of the proper Pregolya, 

Downstream Pregolya and Deyma catchments during 2041-2060.  

 

Pregolya 
(Gvardeysk), 

mg/l 

Downstream 
Pregolya 

(Kaliningrad), 
mg/l 

Deyma 
(Polessk), 

mg/l 

Average 0.18 0.20 0.15 

Mean square deviation 0.06 0.03 0.06 

Maximum 0.31 0.26 0.27 

Minimum 0.02 0.13 0.07 

 

Modeling results of the annual values of nutrient load of the total phosphorus delivered 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma for  

2041-2060 are shown in Table 10.12. The highest value of the load delivered into the Curonian 

and Vistula (Kaliningrad) Lagoons accounts for the year 2041 (1269 tons), and the lowest for the 

year 2051 (138 tons). 

 

Table 10.12 – Yearly mean values of the emission of total phosphorus from the main segments 

of the Pregolya River catchment for 2041-2060. 

Year 
 

Pregolya 
(Gvardeysk), 

ton/year 

Downstream 
Pregolya 

(Kaliningrad), 
ton/year 

Deyma  
(Polessk), 
ton/year 

Downstream 
Pregolya and 

Deyma, 
ton/year 

2041 1249 781 488 1269 

2042 1111 695 434 1129 

2043 1049 657 407 1063 

2044 1161 721 453 1175 

2045 1081 677 424 1101 

2046 1046 656 410 1066 

2047 1087 679 428 1107 

2048 505 323 195 518 

2049 884 554 346 900 

2050 365 234 138 372 

2051 130 90 48 138 

2052 753 474 291 765 

2053 711 447 275 722 
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2054 512 324 196 520 

2055 161 114 62 175 

2056 990 619 388 1007 

2057 639 402 249 651 

2058 1041 651 410 1060 

2059 667 420 258 678 

2060 437 281 170 451 

Interannual variations of the modeled volume of the yearly emission of the total 

phosphorus delivered from the individual catchment areas of the Pregolya River, Downstream 

Pregolya and Deyma over 2041-2060 are shown in Figure 10.40. There is a visible upward trend 

of the nutrient load for the periods of 2048-2049, 2051-2052, 2055-2056, 2057-2058 and a 

downward trend for 2041-2048, 2049-2051 and 2052-2055. There are also periods of sharp 

abrupt growth and smooth reduction of the outflow value to be observed during the interannual 

period. They are determined by the course of weather impact parameters - air temperature and 

precipitation. 

 

Figure 10.40 – Variations of the yearly mean total phosphorus emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 2041-2060. Modeling 

forcing scenario: monthly mean air temperature and precipitation (climate projection CM5A-MR_WRF, 

2041-2060), fixed nutrient load (2014 yearly mean). 

 

The main sources of total phosphorus input into the individual catchment areas of the 
Pregolya River (Figure 10.41), according to modeling data over 2041-2060 shall be: arable lands 
(70%), municipal wastewater (13%) and wastewater of livestock enterprises (12%). 

 

The main sources of total phosphorus input into the individual catchment area of the 
Downstream Pregolya (Figure 10.42), according to modeling data over 2041-2060 shall be: 
wastewater of livestock enterprises (31%), municipal wastewater (28%) and arable lands (21%). 
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The main source of total phosphorus input into the individual catchment area of the 
Deyma River (Figure 10.43), according to modeling data over 2041-2060 shall be municipal 
wastewater (62%). 

 
 

 

Figure 10.41 – Total phosphorus source apportionment for the Pregolya River catchment segment 

(upstream Gvardeysk) for climate scenario CM5A-MR_WRF (2041-2060) and fixed nutrient load (2014 

yearly mean). 

 

Figure 10.42 – Total phosphorus source apportionment for the Downstream Pregolya River catchment 

segment (downstream Gvardeysk) for climate scenario CM5A-MR_WRF (2041-2060) and fixed nutrient 

load (2014 yearly mean). 
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Figure 10.43 – Total phosphorus source apportionment for the Deyma River catchment segment for 

climate scenario CM5A-MR_WRF (2041-2060) and fixed nutrient load (2014 yearly mean). 

 

Thus, for the period of 2041-2060, in accordance with the scenario CM5A-MR_WRF, the 

greatest total phosphorus load (which change as compared with the baseline period was caused 

by a change in its natural background component) shall be in sub-basins 513, 531, 521, 512 

(184-404 tons/year); the change in the value of total phosphorus nutrient load ranges from  

-2.8% to 51.7%. The greatest total phosphorus emission through the river network shall take 

place in sub-basins 531, 513, 521 (94-290 tons/year). Change in the retention of the runoff of 

total phosphorus ranges from -39% to 0.3%; a significant decrease (over 20%) of the nutrient 

runoff retention shall occur in sub-basins 522, 641, 631, 221 , 211, 111, 351, 412, 561. The main 

sources of total phosphorus input shall be arable lands, municipal wastewater and wastewater of 

livestock enterprises.  

10.4  Emission and retention for climate projection CNRM-CM5_RCA4 
(2041-2060) and nutrient load of the level of 2014 

Nitrogen. Modeling results of the total nitrogen emission over the period of 2041-2060 

from the sub-basins areas of the Pregolya river system, taking into account the climate scenario 

CNRM-CM5_RCA4 are illustrated in Figure 10.44. Calculations were made for natural 

variations of atmospheric forcing (monthly data on precipitation and air temperature over the 20-

year period of 2041-2060, resulting in the climate prediction calculation based on CNRM-

CM5_RCA4 model, section 4) and a fixed yearly nutrient load estimated according to the level 

of 2014.  

The maximum total nitrogen load shall be observed in the sub-basins 513 (2202 

tons/year), 531 (2018 tons/year), 512 (1092 tons/year), 521 (875 tons/year) and 312 (668 
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tons/year). The highest total nitrogen emission through the river network shall take place in the 

sub-basins 531 (1675 tons/year), 513 (732 tons/year), 521 (510 tons/year). A significant 

difference between the load on the catchment area and the total nitrogen amount exported by the 

watercourse (emission) shall be noted for the sub-basins 513, 512, 312. 

 

 

Figure 10.44 – Mean annual (2041-2060) total nitrogen load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(climate projection CNRM-CM5_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean).   

 

The change in the total nitrogen emission over the period of 2041-2060 according to the 

scenario CNRM-CM5_RCA4 (Figure 10.45a) in comparison with the baseline period of 1991-

2010 ranges from -5.2% (sub-basin 312) to 51.7% (sub-basin 221). The total nitrogen emission 

shall be increased in the sub-basins 221 (51.7%), 522 (51.4%), 211 (41.4%), 521 (41%); and 

decreased in the sub-basins 312 (-5.2%). 

The changes in the total nitrogen retention in the catchment area of the Pregolya River in 

2041-2060 according to the scenario CNRM-CM5_RCA4 are shown in Figure 10.45b. Possible 

changes in the total nitrogen retention amount from -48.2% (sub-basin 522) to 1.8% (312 sub-

basin). The retention of total nitrogen shall be increased in the sub-basins 312 (1.8%), 612 

(1.4%), 311 (1.2%),511 (0.3%); and decreased in the sub-basins 522 (-48.2%), 1912 (-39.8%), 

641 (-34%), 221 (-32.7%), 211 (-31.1%), 631 and 421 (-30.9%), 1911 (-30.4%), 111 (-30.1%). 
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а)   b) 
Figure 10.45 – Excess (in %) of the mean annual total nitrogen (a) emission and (b) retention for the 
Pregolya River catchment in the period 2041-2060 in comparison to basic period 1991-2010 by results of 
modeling forcing scenario: monthly mean air temperature and precipitation (climate projection CNRM-
CM5_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean).

 

Modeling results of the total nitrogen concentration at the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 2041-2060 are shown in Figure 10.46. Variations of average 

monthly concentrations have seasonal variability. 

 

Figure 10.46 – Variations of the monthly mean total nitrogen concentration at the outlet section of the 

Pregolya, Downstream Pregolya and Deyma catchments during 2041-2060. Modeling forcing scenario: 

monthly mean air temperature and precipitation (climate projection CNRM-CM5_RCA4, 2041-2060), 

fixednutrient load (2014 yearly mean). 
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Monthly values of the total nitrogen concentrations obtained through modeling at the 

outlets sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 

Deyma as averaged over the period of 2041-2060 are shown in Table 10.13. 

 

Table 10.13 – Total nitrogen concentration at the outlet sections of the proper Pregolya, 

Downstream Pregolya and Deyma catchments during 2041-2060.  

 
Pregolya 

(Gvardeysk), 
mg/l 

Downstream 
Pregolya 

(Kaliningrad), 
mg/l 

Deyma 
(Polessk), 

mg/l 

Average 1.58 1.62 1.90 

Mean square deviation 0.30 0.10 0.48 

Maximum 2.02 1.89 4.20 

Minimum 0.51 1.40 1.36 

 

Modeling results of annual nutrient load values of the total nitrogen exported from the 

individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma over the 

period of 2041-2060-years are shown in Table 10.14. The highest value of the load delivered into 

the Curonian and Vistula (Kaliningrad) Lagoons accounts for the year 2057 (12058 tons), and 

the lowest for the year 2044 (3330 tons). 

 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

192 

 

Table 10.14 – Yearly mean values of the total nitrogen emission from the main segments of the 

Pregolya River catchment for 2041-2060. 

Year 
 

Pregolya 
(Gvardeysk), 

ton/year 

Downstream 
Pregolya 

(Kaliningrad), 
ton/year 

Deyma  
(Polessk), 
ton/year 

Downstream 
Pregolya and 

Deyma, 
ton/year 

2041 6904 4452 2982 7433 

2042 8699 5651 3734 9385 

2043 4650 3034 2054 5088 

2044 3004 1961 1369 3330 

2045 7417 4814 3194 8009 

2046 9172 5930 3934 9864 

2047 7089 4571 3051 7622 

2048 9291 5976 3965 9941 

2049 4982 3210 2157 5367 

2050 3102 2006 1379 3385 

2051 3275 2155 1492 3647 

2052 4334 2837 1919 4756 

2053 5508 3570 2403 5973 

2054 5677 3702 2483 6185 

2055 6070 3967 2642 6609 

2056 5385 3478 2335 5814 

2057 11283 7262 4796 12058 

2058 6139 4061 2703 6764 

2059 5628 3698 2474 6172 

2060 6243 4049 2717 6766 

 

Interannual variations of modeled volume of the annual total nitrogen emission coming 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma 

over 2041-2060 are shown in Figure 10.47. There is a visible upward trend of the nitrogen 

emission for the periods of 2044-2046, 2050-2057, and a downward trend for 2042-2044, 2048-

2050. There are also periods of sharp abrupt reduction and smooth growth of the outflow value 

to be observed during the interannual period. They are determined by the course of weather 

impact parameters - air temperature and precipitation. 
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Figure 10.47 – Variations of the yearly mean total nitrogen emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 2041-2060. Modeling 

forcing scenario: monthly mean air temperature and precipitation (climate projection CNRM-

CM5_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean). 

 

The main sources of the total nitrogen input into the individual catchment area of the 
Pregolya River (Figure 10.48), according to modeling data for 2041-2060 years, shall be: arable 
lands (62%), wastewater of livestock enterprises (18%) and municipal wastewater (10%). 

 

The main sources of total nitrogen input into the individual catchment area of the 

Downstream Pregolya (Figure 10.49), according to modeling data for 2041-2060-years, shall be: 

arable lands (29%), wastewater of livestock enterprises (27%) and municipal wastewater (17%). 

 

The main sources of total nitrogen input into the individual catchment area of the Deyma 

River (Figure 10.50), according to modeling data for 2041-2060 years, shall be: municipal 

wastewater (39%), arable lands (16%), open lands (13%) and wastewater of livestock enterprises 

(11%). 
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Figure 10.48 – Total nitrogen source apportionment for the Pregolya River catchment segment (upstream 

Gvardeysk) for climate scenario CNRM-CM5_RCA4 (2041-2060) and fixed nutrient load (2014 yearly 

mean). 

 

Figure 10.49 – Total nitrogen source apportionment for the Downstream Pregolya River catchment 

segment for climate scenario CNRM-CM5_RCA4 (2041-2060) and fixed nutrient load (2014 yearly 

mean). 
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Figure 10.50 – Total nitrogen source apportionment for the Deyma River catchment segment for climate 

scenario CNRM-CM5_RCA4 (2041-2060) and fixed nutrient load (2014 yearly mean). 

 

Thus, for the period of 2041-2060, in accordance with the scenario CNRM-CM5_RCA4, 

the greatest total nitrogen load (which change as compared with the baseline period was caused 

by a change in its natural background component) shall be in the sub-basins 513, 531, 512, 521 

(875-2202 tons/year); the change in the total nitrogen emission shall be from (-5.2%) to 

(+51.7%). The highest total nitrogen emission through the river network shall take place in the 

sub-basins 531, 513, 521 (510-1675 tons/year). Change in the retention of the total nitrogen 

runoff ranges from -48.2% to 1.8%; a significant decrease (over 30%) of the nitrogen runoff 

retention occurs in the sub-basins 522, 1912, 641, 221, 211, 631, 421, 1911, 111. The main 

sources of the total nitrogen input shall be arable lands, wastewater of livestock enterprises and 

municipal wastewater. 

 

Phosphorus. Modeling results of the total phosphorus load and emission over the period 

of 2041-2060 from the areas of sub-basins of the Pregolya river system, taking into account the 

scenario CNRM-CM5_RCA4 are illustrated in Figure 10.51. Calculations were made for natural 

variations of atmospheric forcing (monthly data on precipitation and air temperature over the 20-

year period of 2041-2060, obtained in the climate prediction calculation based on CNRM-

CM5_RCA4 model, section 4) and a fixed annual nutrient load estimated according to the level 

of 2014. 

The maximum total phosphorus load shall be observed in the sub-basins 513 (425 

tons/year), 531 (387 tons/year), 521 (207 tons/year), 512 (193 tons/year) and 312 (122 

tons/year). The most notable emission of total phosphorus through the river network shall take 

place in the sub-basins 531 (318 tons/year), 513 (106 tons/year), 521 (102 tons/year). The sub-
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basins 513, 512, 312 are characterized by a significant difference between the load on the 

catchment area and the amount of total phosphorus delivered by the watercourse (emission). 

 

Figure 10.51 – Mean annual (2041-2060) total phosphorus load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(climate projection CNRM-CM5_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean). 

 

Change in the total phosphorus for the period of 2041-2060 according to the scenario 

CNRM-CM5_RCA4 (Figure 10.52a) compared with the baseline period of 1991-2010 ranges 

from -4.5% (sub-basins 312) to 50.8% (sub-basin 211). The total phosphorus emission shall be 

increased in the sub-basins 211 (50.8%), 611 (49.6%), 522 (47.4%), 521 (42.6%), 211 (40.9%); 

and decreased in the sub-basins 312 (-4.5%). 

Changes in the total phosphorus retention in the drainage basin of the Pregolya River in 

2041-2060 according to the scenario CM5A-MR_WRF are shown in Figure 10.52b. Possible 

changes in the total amount of phosphorus retention range from -48.3% (sub-basin 522) to 1.3% 

(sub-basin 612). The total phosphorus retention shall be increased in the sub-basins 612 (1.3%), 

311 (0.7%), 312 (0.5%); and decreased in the sub-basins 522 (-48.3%), 641 (-35%), 221  

(-33.1%), 211 (-32.2%).  
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а)  b) 
Figure 10.52 – Excess (in %) of the mean annual total phosphorus (a) emission and (b) retention for the 
Pregolya River catchment in the period of 2041-2060 in comparison to basic period of 1991-2010 by 
results of modeling forcing scenario: monthly mean air temperature and precipitation (climate projection 
CNRM-CM5_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean).

 

Modeling results of the total phosphorus concentration in the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 2041-2060 are shown in Figure 10.53. Variations of average 

monthly concentrations have seasonal variability. 

 

Figure 10.53 – Variations of the monthly mean total phosphorus concentration at the outlet sections of the 

Pregolya, Downstream Pregolya and Deyma catchments during 2041-2060. Modeling forcing scenario: 

monthly mean air temperature and precipitation (climate projection CNRM-CM5_RCA4, 2041-2060), 

fixed nutrient load (2014 yearly mean). 
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Monthly values of the total phosphorus concentrations obtained through modeling at the 

outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 

Deyma as averaged over the period of 2041-2060-years are shown in Table 10.15. 

Table 10.15 – Total phosphorus concentration at the outlet sections of the proper Pregolya, 

Downstream Pregolya and Deyma catchments during 2041-2060.  

 

Pregolya 
(Gvardeysk), 

mg/l 

Downstream 
Pregolya 

(Kaliningrad), 
mg/l 

Deyma 
(Polessk), 

mg/l 

Average 0.19 0.19 0.16 

Mean square deviation 0.06 0.03 0.06 

Maximum 0.31 0.27 0.27 

Minimum 0.04 0.12 0.07 

 

Modeling results of the annual values of nutrient load of the total phosphorus delivered 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma for  

2041-2060 are shown in Table 10.16. The highest value of the load delivered into the Curonian 

and Vistula (Kaliningrad) Lagoons accounts for the year 2057 (1624 tons), and the lowest for the 

year 2044 (349 tons). 
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Table 10.16 – Yearly mean values of the emission of total phosphorus from the main segments 

of the Pregolya River catchment for 2041-2060. 

Year 
 

Pregolya 
(Gvardeysk), 

ton/year 

Downstream 
Pregolya 

(Kaliningrad), 
ton/year 

Deyma  
(Polessk), 
ton/year 

Downstream 
Pregolya and 

Deyma, 
ton/year 

2041 937 589 368 957 

2042 1222 766 479 1244 

2043 586 373 227 600 

2044 339 220 129 349 

2045 1024 642 398 1039 

2046 1241 775 486 1261 

2047 968 607 378 985 

2048 1272 793 497 1290 

2049 688 433 269 702 

2050 417 265 162 427 

2051 393 255 152 406 

2052 578 369 225 594 

2053 706 447 274 721 

2054 766 484 299 783 

2055 816 515 317 833 

2056 729 458 283 742 

2057 1602 995 629 1624 

2058 804 512 314 826 

2059 716 455 279 734 

2060 818 516 320 836 

Interannual variations of the modeled volume of the yearly emission of the total 

phosphorus delivered from the individual catchment areas of the Pregolya River, Downstream 

Pregolya and Deyma over 2041-2060 are shown in Figure 10.54. There is a visible upward trend 

of the nutrient load for the periods of 2044-2046, 2050-2055 and a downward trend for 2042-

2044, 2048-2050. There are also periods of sharp abrupt reduction and smooth growth of the 

outflow value to be observed during the interannual period. They are determined by the course of 

weather impact parameters - air temperature and precipitation. 
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Figure 10.54 – Variations of the yearly mean total phosphorus emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 2041-2060. Modeling 

forcing scenario: monthly mean air temperature and precipitation (climate projection CNRM-

CM5_RCA4, 2041-2060), fixed nutrient load (2014 yearly mean). 

 

The main sources of total phosphorus input into the individual catchment areas of the 
Pregolya River (Figure 10.55), according to modeling data over 2041-2060 shall be: arable lands 
(71%), municipal wastewater (12%) and wastewater of livestock enterprises (11%). 

The main sources of total phosphorus input into the individual catchment area of the 
Downstream Pregolya (Figure 10.56), according to modeling data over 2041-2060 shall be: 
wastewater of livestock enterprises (29%), municipal wastewater (27%) and arable lands (23%). 

The main source of total phosphorus input into the individual catchment area of the 
Deyma River (Figure 10.57), according to modeling data over 2041-2060 shall be municipal 
wastewater (60%). 

 

 

Figure 10.55 – Total phosphorus source apportionment for the Pregolya River catchment segment 

(upstream Gvardeysk) for climate scenario CNRM-CM5_RCA4 (2041-2060) and fixed nutrient load 

(2014 yearly mean). 
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Figure 10.56 – Total phosphorus source apportionment for the Downstream Pregolya River catchment 

segment (downstream Gvardeysk) for climate scenario CNRM-CM5_RCA4 (2041-2060) and fixed 

nutrient load (2014 yearly mean). 

 

Figure 10.57 – Total phosphorus source apportionment for the Deyma River catchment segment for 

climate scenario CNRM-CM5_RCA4 (2041-2060) and fixed nutrient load (2014 yearly mean). 

 

Thus, for the period of 2041-2060, in accordance with the scenario CNRM-CM5_RCA4, 

the greatest total phosphorus load (which change as compared with the baseline period was 

caused by a change in its natural background component) shall be in sub-basins 513, 531, 521, 

512 (193-425 tons/year); the change in the value of total phosphorus nutrient load ranges from  

-4.5% to 50.8%. The greatest total phosphorus emission through the river network shall take 

place in sub-basins 531, 513, 521 (102-318 tons/year). Change in the retention of the runoff of 

total phosphorus ranges from -48.3% to 1.3%; a significant decrease (over 30%) of the nutrient 

runoff retention shall occur in sub-basins 522, 641, 221, 211. The main sources of total 

phosphorus input shall be arable lands, municipal wastewater and wastewater of livestock 

enterprises.  
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10.5  Emission and retention for climate projection MPI-ESM-
LR_CCLM (2041-2060) and nutrient load of the level of 2014 

Nitrogen. Modeling results of the total nitrogen emission over the period of 2041-2060 

from the sub-basins areas of the Pregolya river system, taking into account the climate scenario 

MPI-ESM-LR_CCLM are illustrated in Figure 10.58 Calculations were made for natural 

variations of atmospheric forcing (monthly data on precipitation and air temperature over the 20-

year period of 2041-2060, resulting in the climate prediction calculation based on MPI-ESM-

LR_CCLM model, section 4) and a fixed yearly nutrient load estimated according to the level of 

2014.  

The maximum total nitrogen load shall be observed in the sub-basins 513 (1669 

tons/year), 531 (1564 tons/year), 512 (858 tons/year), 521 (695 tons/year) and 312 (557 

tons/year). The highest total nitrogen emission through the river network shall take place in the 

sub-basins 531 (1227 tons/year), 513 (513 tons/year), 521 (370 tons/year). A significant 

difference between the load on the catchment area and the total nitrogen amount exported by the 

watercourse (emission) shall be noted for the sub-basins 513, 512, 312. 

 

 

Figure 10.58– Mean annual (2041-2060) total nitrogen load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(climate projection MPI-ESM-LR_CCLM, 2041-2060), fixed nutrient load (2014 yearly mean).   

 

The change in the total nitrogen emission over the period of 2041-2060 according to the 

scenario MPI-ESM-LR_CCLM (Figure 10.59a) in comparison with the baseline period of 1991-

2010 ranges from -24.2% (sub-basin 311) to 9.8% (sub-basin 522). The total nitrogen emission 

shall be increased in the sub-basins 522 (9.8%), 221 (9.3%), 561 (7.3%); and decreased in the 

sub-basins 311 (-24.2%), 321 (-24%), 151 (-23.3%).  

The changes in the total nitrogen retention in the catchment area of the Pregolya River in 

2041-2060 according to the scenario MPI-ESM-LR_CCLM are shown in Figure 10.59b. 

Possible changes in the total nitrogen retention amount from -10.2% (sub-basin 522) to 55% 
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(421 sub-basin). The retention of total nitrogen shall be increased in the sub-basins 421 (55%), 

311 (25.5%); and decreased in the sub-basins 522 (-10.2%), 412 (-2.2%).  

 

а)   b) 
Figure 10.59 – Excess (in %) of the mean annual total nitrogen (a) emission and (b) retention for the 
Pregolya River catchment in the period 2041-2060 in comparison to basic period 1991-2010 by results of 
modeling forcing scenario: monthly mean air temperature and precipitation (climate projection MPI-
ESM-LR_CCLM, 2041-2060), fixed nutrient load (2014 yearly mean).

 

Modeling results of the total nitrogen concentration at the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 2041-2060 are shown in Figure 10.60. Variations of average 

monthly concentrations have seasonal variability. 
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Figure 10.60 – Variations of the monthly mean total nitrogen concentration at the outlet section of the 

Pregolya, Downstream Pregolya and Deyma catchments during 2041-2060. Modeling forcing scenario: 

monthly mean air temperature and precipitation (climate projection MPI-ESM-LR_CCLM, 2041-2060), 

fixednutrient load (2014 yearly mean). 

 

Monthly values of the total nitrogen concentrations obtained through modeling at the 

outlets sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 

Deyma as averaged over the period of 2041-2060 are shown in Table 10.17. 

 

Table 10.17 – Total nitrogen concentration at the outlet sections of the proper Pregolya, 

Downstream Pregolya and Deyma catchments during 2041-2060.  

 
Pregolya 

(Gvardeysk), 
mg/l 

Downstream 
Pregolya 

(Kaliningrad), 
mg/l 

Deyma 
(Polessk), 

mg/l 

Average 1.51 1.65 2.13 

Mean square deviation 0.36 0.11 0.73 

Maximum 2.30 1.99 6.28 

Minimum 0.37 1.36 1.36 

 

Modeling results of annual nutrient load values of the total nitrogen exported from the 

individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma over the 

period of 2041-2060-years are shown in Table 10.18. The highest value of the load delivered into 

the Curonian and Vistula (Kaliningrad) Lagoons accounts for the year 2055 (10343 tons), and 

the lowest for the year 2058 (1753 tons). 
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Table 10.18 – Yearly mean values of the total nitrogen emission from the main segments of the 

Pregolya River catchment for 2041-2060. 

Year 
 

Pregolya 
(Gvardeysk), 

ton/year 

Downstream 
Pregolya 

(Kaliningrad), 
ton/year 

Deyma  
(Polessk), 
ton/year 

Downstream 
Pregolya and 

Deyma, 
ton/year 

2041 5561 3592 2405 5997 

2042 2797 1850 1282 3131 

2043 5214 3389 2293 5682 

2044 3839 2543 1724 4268 

2045 5436 3551 2378 5928 

2046 6379 4090 2742 6833 

2047 3919 2565 1738 4303 

2048 3838 2521 1711 4232 

2049 5288 3463 2327 5791 

2050 4271 2760 1863 4623 

2051 3548 2303 1579 3882 

2052 4291 2750 1885 4635 

2053 2658 1800 1247 3047 

2054 5278 3386 2292 5677 

2055 9704 6221 4122 10343 

2056 3599 2322 1578 3900 

2057 4248 2727 1838 4565 

2058 1437 1010 743 1753 

2059 3931 2546 1711 4258 

2060 2115 1398 992 2390 

 

Interannual variations of modeled volume of the annual total nitrogen emission coming 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma 

over 2041-2060 are shown in Figure 10.61. There is a visible upward trend of the nitrogen 

emission for the periods of 2044-2046, 2053-2055, and a downward trend for 2046-2047, 2049-

2051. There are also periods of sharp abrupt growth and smooth reduction of the outflow value 

to be observed during the interannual period. They are determined by the course of weather 

impact parameters - air temperature and precipitation. 
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Figure 10.61 – Variations of the yearly mean total nitrogen emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 2041-2060. Modeling 

forcing scenario: monthly mean air temperature and precipitation (climate projection MPI-ESM-

LR_CCLM, 2041-2060), fixed nutrient load (2014 yearly mean). 

 

The main sources of the total nitrogen input into the individual catchment area of the 
Pregolya River (Figure 10.62), according to modeling data for 2041-2060 years, shall be: arable 
lands (56%), wastewater of livestock enterprises (22%) and municipal wastewater (13%). 

The main sources of total nitrogen input into the individual catchment area of the 

Downstream Pregolya (Figure 10.63), according to modeling data for 2041-2060-years, shall be: 

wastewater of livestock enterprises (32%), arable lands (24%) and municipal wastewater (20%). 

The main sources of total nitrogen input into the individual catchment area of the Deyma 

River (Figure 10.64), according to modeling data for 2041-2060 years, shall be: municipal 

wastewater (46%), arable lands (13%), open lands (13%) and wastewater of livestock enterprises 

(13%). 

 

Figure 10.62 – Total nitrogen source apportionment for the Pregolya River catchment segment (upstream 
Gvardeysk) for climate scenario MPI-ESM-LR_CCLM (2041-2060) and fixed nutrient load (2014 yearly 
mean). 
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Figure 10.63 – Total nitrogen source apportionment for the Downstream Pregolya River catchment 

segment for climate scenario MPI-ESM-LR_CCLM (2041-2060) and fixed nutrient load (2014 yearly 

mean). 

 

 

Figure 10.64 – Total nitrogen source apportionment for the Deyma River catchment segment for climate 

scenario MPI-ESM-LR_CCLM (2041-2060) and fixed nutrient load (2014 yearly mean). 

 

Thus, for the period of 2041-2060, in accordance with the scenario MPI-ESM-

LR_CCLM, the greatest total nitrogen load (which change as compared with the baseline period 

was caused by a change in its natural background component) shall be in the sub-basins 513, 

531, 512, 521 (695-1669 tons/year); the change in the total nitrogen emission shall be from (-

24.2%) to (+9.8%). The highest total nitrogen emission through the river network shall take 

place in the sub-basins 531, 513, 521 (370-1227 tons/year). Change in the retention of the total 

nitrogen runoff ranges from -10.2% to 55%; a significant increase (over 20%) of the nitrogen 

runoff retention occurs in the sub-basins 421, 311. The main sources of the total nitrogen input 

shall be arable lands, wastewater of livestock enterprises and municipal wastewater. 
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Phosphorus. Modeling results of the total phosphorus load and emission over the period 

of 2041-2060 from the areas of sub-basins of the Pregolya river system, taking into account the 

scenario MPI-ESM-LR_CCLM are illustrated in Figure 10.65. Calculations were made for 

natural variations of atmospheric forcing (monthly data on precipitation and air temperature over 

the 20-year period of 2041-2060, obtained in the climate prediction calculation based on MPI-

ESM-LR_CCLM model, section 4) and a fixed annual nutrient load estimated according to the 

level of 2014. 

The maximum total phosphorus load shall be observed in the sub-basins 513 (313 

tons/year), 531 (292 tons/year), 521 (170 tons/year), 512 (146 tons/year) and 312 (99 tons/year). 

The most notable emission of total phosphorus through the river network shall take place in the 

sub-basins 531 (229 tons/year), 521 (73 tons/year), 513 (72 tons/year). The sub-basins 513, 512, 

312 are characterized by a significant difference between the load on the catchment area and the 

amount of total phosphorus delivered by the watercourse (emission). 

 

Figure 10.65 – Mean annual (2041-2060) total phosphorus load and emission for sub-catchments of the 

Pregolya River catchment. Modeling forcing scenario: monthly mean air temperature and precipitation 

(climate projection MPI-ESM-LR_CCLM, 2041-2060), fixed nutrient load (2014 yearly mean). 

 

Change in the total phosphorus for the period of 2041-2060 according to the scenario 

MPI-ESM-LR_CCLM (Figure 10.66a) compared with the baseline period of 1991-2010 ranges 

from -24.6% (sub-basins 311) to 9.1% (sub-basin 221). The total phosphorus emission shall be 

increased in the sub-basins 211 (9.1%), 522 (8.9%); and decreased in the sub-basins 311  

(-24.6%), 611 (-22.9%), 151 (-21.5%), 312 (-21.1%). 

Changes in the total phosphorus retention in the drainage basin of the Pregolya River in 

2041-2060 according to the scenario CM5A-MR_WRF are shown in Figure 10.66b. Possible 

changes in the total amount of phosphorus retention range from -10.4% (sub-basin 522) to 43.3% 

(sub-basin 421). The total phosphorus retention shall be increased in the sub-basins 421 (43.3%), 

331 (18.4%); and decreased in the sub-basins 522 (-10.4%), 221 (-6.7%).  
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а)  b) 
Figure 10.66 – Excess (in %) of the mean annual total phosphorus (a) emission and (b) retention for the 
Pregolya River catchment in the period of 2041-2060 in comparison to basic period of 1991-2010 by 
results of modeling forcing scenario: monthly mean air temperature and precipitation (climate projection 
MPI-ESM-LR_CCLM, 2041-2060), fixed nutrient load (2014 yearly mean).

 

Modeling results of the total phosphorus concentration in the outlet sections of individual 

catchment areas of the Pregolya River (Gvardeysk), Downstream Pregolya (Kaliningrad), 

Deyma (Polessk) over the period of 2041-2060 are shown in Figure 10.67. Variations of average 

monthly concentrations have seasonal variability. 
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Figure 10.67 – Variations of the monthly mean total phosphorus concentration at the outlet sections of the 

Pregolya, Downstream Pregolya and Deyma catchments during 2041-2060. Modeling forcing scenario: 

monthly mean air temperature and precipitation (climate projection MPI-ESM-LR_CCLM, 2041-2060), 

fixed nutrient load (2014 yearly mean). 

 

Monthly values of the total phosphorus concentrations obtained through modeling at the 

outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 

Deyma as averaged over the period of 2041-2060-years are shown in Table 10.19. 

Table 10.19 – Total phosphorus concentration at the outlet sections of the proper Pregolya, 

Downstream Pregolya and Deyma catchments during 2041-2060.  

 

Pregolya 
(Gvardeysk), 

mg/l 

Downstream 
Pregolya 

(Kaliningrad), 
mg/l 

Deyma 
(Polessk), 

mg/l 

Average 0.17 0.20 0.14 

Mean square deviation 0.07 0.03 0.06 

Maximum 0.31 0.28 0.29 

Minimum 0.03 0.13 0.07 

 

Modeling results of the annual values of nutrient load of the total phosphorus delivered 

from the individual catchment areas of the Pregolya River, Downstream Pregolya and Deyma for  

2041-2060 are shown in Table 10.20. The highest value of the load delivered into the Curonian 

and Vistula (Kaliningrad) Lagoons accounts for the year 2055 (1448 tons), and the lowest for the 

year 2058 (174 tons). 
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Table 10.20 – Yearly mean values of the emission of total phosphorus from the main segments 

of the Pregolya River catchment for 2041-2060. 

Year 
 

Pregolya 
(Gvardeysk), 

ton/year 

Downstream 
Pregolya 

(Kaliningrad), 
ton/year 

Deyma  
(Polessk), 
ton/year 

Downstream 
Pregolya and 

Deyma, 
ton/year 

2041 764 479 295 774 

2042 345 224 131 355 

2043 690 437 269 706 

2044 472 305 183 488 

2045 728 461 282 743 

2046 916 572 358 931 

2047 498 319 193 512 

2048 495 317 191 508 

2049 685 434 263 697 

2050 564 357 219 576 

2051 469 299 181 480 

2052 523 330 202 532 

2053 327 216 126 342 

2054 712 447 276 723 

2055 1427 886 562 1448 

2056 474 300 182 482 

2057 569 358 223 581 

2058 160 113 61 174 

2059 544 344 214 557 

2060 267 175 103 278 

Interannual variations of the modeled volume of the yearly emission of the total 

phosphorus delivered from the individual catchment areas of the Pregolya River, Downstream 

Pregolya and Deyma over 2041-2060 are shown in Figure 10.68. There is a visible upward trend 

of the nutrient load for the periods of 2044-2046, 2053-2055 and a downward trend for 2049-

2053. There are also periods of sharp abrupt growth and smooth reduction of the outflow value 

to be observed during the interannual period.  They are determined by the course of weather 

impact parameters - air temperature and precipitation. 
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Figure 10.68 – Variations of the yearly mean total phosphorus emission from the Pregolya (Gvardeysk), 

Downstream Pregolya (Kaliningrad) and Deyma (Polessk) catchments during 2041-2060. Modeling 

forcing scenario: monthly mean air temperature and precipitation (climate projection MPI-ESM-

LR_CCLM, 2041-2060), fixed nutrient load (2014 yearly mean). 

 

The main sources of total phosphorus input into the individual catchment areas of the 
Pregolya River (Figure 10.69), according to modeling data over 2041-2060 shall be: arable lands 
(65%), municipal wastewater (16%) and wastewater of livestock enterprises (14%). 

The main sources of total phosphorus input into the individual catchment area of the 
Downstream Pregolya (Figure 10.70), according to modeling data over 2041-2060 shall be: 
wastewater of livestock enterprises (34%), municipal wastewater (30%) and arable lands (18%). 

The main source of total phosphorus input into the individual catchment area of the 
Deyma River (Figure 10.71), according to modeling data over 2041-2060 shall be municipal 
wastewater (66%). 

 

 

Figure 10.69 – Total phosphorus source apportionment for the Pregolya River catchment segment 

(upstream Gvardeysk) for climate scenario MPI-ESM-LR_CCLM (2041-2060) and fixed nutrient load 

(2014 yearly mean). 
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Figure 10.70 – Total phosphorus source apportionment for the Downstream Pregolya River catchment 

segment (downstream Gvardeysk) for climate scenario MPI-ESM-LR_CCLM (2041-2060) and fixed 

nutrient load (2014 yearly mean). 

 

Figure 10.71 – Total phosphorus source apportionment for the Deyma River catchment segment for 

climate scenario MPI-ESM-LR_CCLM (2041-2060) and fixed nutrient load (2014 yearly mean). 

 

Thus, for the period of 2041-2060, in accordance with the scenario MPI-ESM-

LR_CCLM, the greatest total phosphorus load (which change as compared with the baseline 

period was caused by a change in its natural background component) shall be in sub-basins 513, 

531, 521, 512 (146-313 tons/year); the change in the value of total phosphorus nutrient load 

ranges from -24.6% to 9.1%. The greatest total phosphorus emission through the river network 

shall take place in sub-basins 531, 521, 513 (72-229 tons/year). Change in the retention of the 

runoff of total phosphorus ranges from -10.4% to 43.3%; a significant increase of the nitrogen 

runoff retention occurs in the sub-basins 421 (43.3%), 331 (18.4%). The main sources of total 

phosphorus input shall be arable lands, municipal wastewater and wastewater of livestock 

enterprises.  
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Figure 10.71 – The numbers of sub-basin within the HYPE model set-up.  
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10.6  Uncertaincy in characteristics of the nutrient emission from the 
Pregolya River catchment for climate period 2041-2060 

Таблица 10.21. Mean annual nutrient emission from the Pregolya River catchment 

(Value) for climate projections (2041-2060), and their relative changes (∆) in percentage with 

signs (+)/(-), which denote an increase or decrease of the average value of a parameter relative to 

the baseline period 1991-2010. 

Parameter 

Baseline period, 
1991-2010 

Climate projection, 2041-2061 

Min Max 

Value Value ∆ % Value ∆ % 

Ntot, ton/year 5268 4762 -506 -10 6708 1440 27 

Ptot, ton/year 657 594 -63 -10 848 191 29 

 

The uncertainty of changes in nutrient emission values for climate period 2041-2060 in 

comparison to baseline period 1991-2010 is described by the range obtained by 

CanESM2_RCA4, CM5A-MR_WRF, CNRM-CM5_RCA4, MPI-ESM-LR_CCLM projections 

made for 2041-2060 (Table 10.21): 

- the projection for the mean annual nitrogen emission is not unambiguous, it may 

decreases by 510 ton/year (-10%) or increases by 1440 ton/year (+27%); two models 

give the decrease and two model give the increase;  

- the projection for the mean annual phosphorus emission is not unambiguous, it may 

decreases by 65 ton/year (-10%) or increases by 190 ton/year (+29%); two models 

give the decrease and two model give the increase. 
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11. Response of the Pregolya River catchment nutrient 
emission and retention on scenarios of socio-economic 
development (Gorbunova J.A., Domnin D.A., Chubarenko B.V.) 

11.1 Emission and retention for scenario “Business as usual (BAU)” 
at the baseline climate (1991-2010) 

The sections below present results of scenario simulation per each scenario. The overview of 

results is given in the section ‘13. Synthesis of scenario analysis’. 

 

The calculation of the nutrient emission from the catchment basin of the Pregolya River, 

in accordance with implementation of the area’s socio-economic development scenario 

"Business as usual (BAU)" was made under basic climatic conditions (1991-2010). BAU 

scenario assumes maintaining the existing five-year (2010-2014) development trend of 

agriculture and population change. A detailed description of the scenario is provided in 

Section 5. Although the BAU scenario is expected to be implemented during 2015-2020, basic 

climatic conditions (1991-2010) were used in the model calculations. This makes it possible to 

figure out how the water system of the Pregolya River will respond to a new level of the nutrient 

load irrespective of the climate changes. 

As a result of modeling, the values of total load and emission (Figure 11.1) were obtained 

for individual sub-catchment areas of the Pregolya river system in accordance with 

implementation of the area’s socio-economic development scenario "Business as usual (BAU)" 

under basic climatic conditions (1991-2010). The nutrient load distribution between the sub-

catchments remains unchanged compared with the baseline period. The maximum load for both 

nitrogen and phosphorus accounts for sub-catchments 5316 and 513 (located on the Polish 

territory) and in case of total load, respectively for 1759 and 1655 tonN/year and 334 and 327 

tonP/year. 

 

                                                            
6 The numbers of the sub‐basins are presented in the Figure 10.71 (the last figure of the Section 10). 
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Figure 11.1. Mean annual (1991-2010) total (a) nitrogen and (b) phosphorus load and emission for sub-

catchments of the Pregolya River catchment according to the BAU socio-economic scenario. Modeling 

forcing scenario: monthly mean air temperature and precipitation (baseline climate scenario 1991-2010), 

fixed yearly nutrient load according to the scenario BAU.   

 

In percentage terms, the change in the nutrient load for the BAU scenario compared to 

the baseline scenario ranges from -0.7 to 26.9% for nitrogen, and from -1,4 to 29,4% for 

phosphorus (Figure 11.2, 11.3). Negative and low (less than 2% for nitrogen and 1% for 

phosphorus) values were obtained for the catchment basin area located in the Warmian-Masurian 

Voivodship (WMV) of Poland. On the territory of the Kaliningrad Oblast (KO), the change in 

the nutrient load is significantly higher (0.9 – 25.9% for nitrogen and 1.2 – 29.4% for 

phosphorus). This is due to the terms of the socio-economic BAU scenario, according to which 

the population size is reduced on the territory of WMV with an existing stable agricultural 

sector; whereas there is an increase in agricultural indicators (livestock number, used area of 

arable lands) in the KO, alongside with population growth.   

The change in the value of retention for the BAU scenario compared to the baseline 

scenario ranges from -0.7 to 24.9% and from -0.7 to 10.4% for total nitrogen and total 

phosphorus, respectively (Figure 11.2, 11.3). Reduced nutrient retention is characteristic for the 

sub-catchments where the nutrient load has increased or decreased slightly (less than 3% for both 
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nitrogen and phosphorus). The greatest increase in retention was revealed in the sub-catchments 

where the load increase both in total nitrogen and total phosphorus was significant, but this 

relationship was not linear. 

 

 

(a) 

 

(b) 

Figure 11.2. Excess (in %) of the mean annual total nitrogen (a) emission and (b) retention for the 

Pregolya River catchment according to the BAU socio-economic scenario in comparison to Baseline 

scenario by results of modeling forcing scenario: monthly mean air temperature and precipitation 

(baseline climate scenario 1991-2010), fixed yearly nutrient load according to the scenario BAU. 

 

The dynamics of the average monthly concentration of total nitrogen and total phosphorus at the 
outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya and 
Deyma under the conditions of implementation of the socio and economic BAU scenario with a 
real variation of meteorological parameters of the baseline climate scenario (1991-2010) is 
shown in Figure 11.4. The seasonal dynamics and interannual variations are extremely strong for 
the total nitrogen concentration at the outlet section of an individual catchment of the Deyma. 
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(a) 
(b) 

Figure 11.3. Excess (in %) of the mean annual total phosphorus (a) emission and (b) retention for the 

Pregolya River catchment according to the BAU socio-economic scenario in comparison to Baseline 

scenario by results of modeling forcing scenario: monthly mean air temperature and precipitation 

(baseline climate scenario 1991-2010), fixed yearly nutrient load according to the scenario BAU. 

 

The scope and average value of the concentration of total nitrogen and total phosphorus 

at the outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya 

and Deyma under the conditions of implementation of the socio-economic BAU scenario with a 

real variation of meteorological parameters of the baseline climatic scenario (1991-2010) are 

presented in Table 11.1. 
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Figure 11.4. Variations of the monthly mean (a) total nitrogen and (b) total phosphorus concentrations at 

the outlet sections of the Pregolya (1), Downstream Pregolya (2) and Deyma (3) catchments according to 

the BAU socio-economic scenario. Modeling forcing scenario: monthly mean air temperature and 

precipitation baseline climate scenario 1991-2010, fixed yearly nutrient load according to the scenario 

BAU.  
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Table 11.1. Total nitrogen and total phosphorus concentrations at the outlet sections of the Pregolya 

(Gvardeysk), Downstream Pregolya (Kaliningrad) and Deyma (Polessk) river catchments according to the 

BAU socio-economic scenario. Modeling forcing scenario: monthly mean air temperature and 

precipitation (baseline climate scenario 1991-2010), fixed yearly nutrient load according to the scenario 

BAU. 

Concentration Pregolya (Gvardejsk) Downstream Pregolya 

(Kaliningrad) 

Deyma (Polessk) 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Mean 1.77 0.19 1.76 0.21 2.39 0.16 

Mean square 

deviation 
0.33 0.06 0.17 0.04 1.14 0.05 

Maximum  4.06 0.31 2.24 0.34 8.11 0.31 

Minimum  0.55 0.03 1.32 0.13 1.37 0.09 

 

The interannual dynamics of the nutrient runoff of total nitrogen and total phosphorus at 

the outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya 

and Deyma under the conditions of implementation of the socio-economic BAU scenario with a 

real variation of meteorological parameters of the baseline climatic scenario (1991-2010) are 

shown in Figure 11.5. Variations in the value of the total nitrogen and total phosphorus runoff 

are identical and depend on the progress of meteorological parameters. 

The emission from the whole catchment basin of the Pregolya River on the receiving 

water body, under the conditions of implementation of the socio-economic BAU scenario, 

calculated as an average for the baseline climatic period (1991-2010) amounted to 5.5 thousand 

ton/year for total nitrogen and 675 ton/year for total phosphorus which is respectively 3.5 and 

2.7% higher compared to the baseline socio-economic scenario, under the same conditions as 

meteorological parameters. 
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Figure 11.5. Variations of the yearly mean (a) total nitrogen and (b) total phosphorus emissions from the 
(3) Pregolya River (Gvardeysk), (1) Downstream Pregolya River (Kaliningrad) and (2) Deyma River 
(Polessk) catchments according to the BAU socio-economic scenario. Modeling forcing scenario: 
monthly mean air temperature and precipitation (baseline climate scenario 1991-2010), fixed yearly 
nutrient load according to the scenario BAU.  

 

Analysis of the contribution of different nutrient sources in the catchment basin of the 

Pregolya River under the conditions of implementation of the socio-economic scenario for the 

BAU territory, carried out under basic climatic conditions (1991-2010) showed that the largest 

share in the total nitrogen and total phosphorus load belongs to arable lands, sewage waters from 

the population and livestock and poultry farming wastes (Figure 11.6).  

At the same time, at the individual catchment of the Pregolya River (upward the division 

into the Downstream Pregolya and Deyma), the greatest contribution in the load of both total 

nitrogen and total phosphorus comes from arable lands - 57 and 66%, respectively.  

As for the individual catchment of the Pregolya River located downward the division into 

the Downstream Pregolya and Deyma, the contribution in the total nitrogen load from 

wastewater of livestock, arable land and municipal sewage is comparable (29, 26, 20%). The 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

223 

 

contribution in the total phosphorus load is practically equal both from the municipal sewage 

waters of the population connected to central sewerage system (31%), and livestock and poultry 

farming wastes (30%).  

The major share of total nitrogen and phosphorus at the individual catchment of the 

Deyma is delivered from municipal sewage waters of the population connected to central 

sewerage system - 45 and 64%, respectively. Total nitrogen and phosphorus load from the 

livestock and poultry wastes are 18 and 14%, respectively. 
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Figure 11.6. Total nitrogen (a, c, e) and total phosphorus (b, d, f) source apportionment for the baseline 
climate scenario (1991-2010) and fixed yearly nutrient load according to the scenario BAU for the 
Pregolya River catchment individual segments: (a,b) upper Pregolya (upstream Gvardeysk); (c:d) 
Downstream Pregolya River, (e,f) Deyma River.    
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For socio-economic development scenario "Business as usual (BAU)" under basic 

climatic conditions (1991-2010.) the load distribution both for total nitrogen and total 

phosphorus between the sub-catchments remains unchanged in comparison to baseline scenario. 

In percentage terms, the change in the nutrient load ranges from -0.7 to 26.9% for nitrogen, and 

from -1,4 to 29,4% for phosphorus. Negative and low (less than 2% for nitrogen and 1% for 

phosphorus) values were obtained for the territory of the catchment basin located in the 

Warmian-Masurian (WMV) Voivodship of Poland. On the territory of the Kaliningrad Oblast 

(KO), the changes in nutrient load are significantly higher (0.9-25.9% for nitrogen and 1.2-

29.4% for phosphorus). 

The change in the value of retention of total nitrogen and total phosphorus in the Pregolya 

River catchment ranges from -0.7 to 24.9% and from -0.7 to 10.4%, respectively. Reduction of 

the nutrient retention is confined to the sub-catchments where the nutrient load has decreased or 

increased slightly (less than 3% both for nitrogen and phosphorus). The greatest increase in 

retention was revealed to the sub-catchments where the load increase both for total nitrogen and 

total phosphorus was significant, but this relationship was not linear. 

The main sources of load of total nitrogen and total phosphorus are: the arable lands for 

the Pregolya River upstream Gvardeysk (57 and 66%, respectively), the domestic wastewater of the 

population connected to the central sewerage system for Deyma River (45 and 64 %, 

respectively) and the livestock and poultry farming wastes for Downstream Pregolya River (29 and 

30% respectively).  

Yearly emission from all over the catchment area of the Pregolya River on the receiving 

water bodies, under the conditions of implementation of the socio-economic BAU scenario, 

calculated as an average for the baseline climatic period (1991-2010) amounted to 5.5 thousand 

tons/year for total nitrogen and 675 tons/year for total phosphorus, which was, respectively, 3.5 

and 2.7% higher compared to the baseline socio-economic scenario under the same climatic 

conditions. 
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11.2 . Emission and retention for scenario “Documented future (DF)” 
at the baseline climate (1991-2010) 

The calculation of the nutrient emission from the catchment basin of the Pregolya River, 

in accordance with implementation of the area’s socio-economic development scenario 

“Documented future (DF)” was made under basic climatic conditions (1991-2010). This scenario 

DF is based on the analysis of official projections in Kaliningrad Oblast and Warmian-Masurian 

Voivodeship. A detailed description of the scenario is provided in Section 5. Although the DF 

scenario is expected to be implemented during 2015-2020, basic climatic conditions (1991-2010) 

were used in the model calculations. This makes it possible to figure out how the water system of 

the Pregolya River will respond to a new level of the nutrient load irrespective of the climate 

changes. 

As a result of modeling, the values of total load and emission (Figure 11.7) were obtained 

for individual sub-catchment areas of the Pregolya River system in accordance with 

implementation of the area’s socio-economic development scenario «Documented future (DF)» 

under basic climatic conditions (1991-2010). The nutrient load distribution between the sub-

catchments remains unchanged compared with the baseline period. The maximum load for both 

nitrogen and phosphorus accounts for sub-catchments 531 and 513 (located on the Polish 

territory) and in case of total load, respectively for 1825 and 1840 tonN/year and 348 and 346 

tonP/year. 

In percentage terms, the change in the nutrient load for the DF scenario compared to the 

baseline scenario ranges from 3 to 380% for nitrogen, and from 3 to 500% for phosphorus 

(Figure 11.2, 11.3). High values are confined to the catchment area situated in the territory of the 

Kaliningrad Oblast (KO). This can be explained by the tendencies of socio-economic scenario 

DF, according to which, in the territory of the KO is expected to significantly increase in 

agricultural performance (by 70-850%) and population (70%), and slight increase (by 3-5% and 

3% respectively) in the territory of WMV. 
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Figure 11.7. Mean annual (1991-2010) total (a) nitrogen and (b) phosphorus load and emission for sub-

catchments of the Pregolya River catchment according to the DF socio-economic scenario. Modeling 

forcing scenario: monthly mean air temperature and precipitation (baseline climate scenario 1991-2010), 

fixed yearly nutrient load according to the scenario DF.   

 

The change in the value of retention for the DF scenario compared to the baseline 

scenario ranges from -7 to 105% and from -6 to 51% for total nitrogen and total phosphorus, 

respectively (Figure 11.8, 11.9). The increase in retention was revealed in the sub-catchments 

where the load increase both in total nitrogen and total phosphorus was significant. 

The dynamics of the average monthly concentration of total nitrogen and total 

phosphorus at the outlet sections of individual catchment areas of the Pregolya River, 

Downstream Pregolya and Deyma under the conditions of implementation of the socio and 

economic DF scenario with a real variation of meteorological parameters of the baseline climate 

scenario (1991-2010) is shown in Figure 11.10. The seasonal dynamics and interannual 
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variations are the most for the total nitrogen concentration at the outlet section of an individual 

catchment of the Deyma River and for the total phosphorus – downstream Pregolia River. 

(a) 

 

(b) 

Figure 11.8. Excess (in %) of the mean annual total nitrogen (a) emission and (b) retention for the 
Pregolya River catchment according to the DF socio-economic scenario in comparison to Baseline 
scenario by results of modeling forcing scenario: monthly mean air temperature and precipitation 
(baseline climate scenario 1991-2010), fixed yearly nutrient load according to the scenario DF.

(a) 
(b) 

Figure 11.9. Excess (in %) of the mean annual total phosphorus (a) emission and (b) retention for the 
Pregolya River catchment according to the DF socio-economic scenario in comparison to Baseline 
scenario by results of modeling forcing scenario: monthly mean air temperature and precipitation 
(baseline climate scenario 1991-2010), fixed yearly nutrient load according to the scenario DF.
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Figure 11.10. Variations of the monthly mean (a) total nitrogen and (b) total phosphorus concentrations 

at the outlet sections of the (1) Pregolya River, (2) Downstream Pregolya and (3) Deyma Branch  

catchments according to the DF socio-economic scenario. Modeling forcing scenario: monthly mean air 

temperature and precipitation baseline climate scenario 1991-2010, fixed yearly nutrient load according to 

the scenario DF.  

 

The scope and average value of the concentration of total nitrogen and total phosphorus 

at the outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya 

and Deyma under the conditions of implementation of the socio-economic DF scenario with a 
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real variation of meteorological parameters of the baseline climatic scenario (1991-2010) are 

presented in Table 11.2 

Table 11.2. Total nitrogen and total phosphorus concentrations at the outlet sections of the Pregolya 

(Gvardeysk), Downstream Pregolya (Kaliningrad) and Deyma (Polessk) river catchments according to the 

DF socio-economic scenario. Modeling forcing scenario: monthly mean air temperature and precipitation 

(baseline climate scenario 1991-2010), fixed yearly nutrient load according to the scenario DF. 

Concentration Pregolya (Gvardejsk) Downstream Pregolya 

(Kaliningrad) 

Deyma (Polessk) 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Mean 1.77 0.19 1.76 0.21 2.39 0.16 

Mean square 

deviation 
0.33 0.06 0.17 0.04 1.14 0.05 

Maximum  4.06 0.31 2.24 0.34 8.11 0.31 

Minimum  0.55 0.03 1.32 0.13 1.37 0.09 

 

The interannual dynamics of the nutrient runoff of total nitrogen and total phosphorus at 

the outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya 

and Deyma under the conditions of implementation of the socio-economic DF scenario with a 

real variation of meteorological parameters of the baseline climatic scenario (1991-2010) are 

shown in Figure 11.11. Variations in the value of the total nitrogen and total phosphorus runoff 

are identical and depend on the progress of meteorological parameters. 

The emission from the whole catchment basin of the Pregolya River on the receiving 

water body, under the conditions of implementation of the socio-economic DF scenario, 

calculated as an average for the baseline climatic period (1991-2010) amounted to 

9.4 thousand ton/year for total nitrogen and 1000 ton/year for total phosphorus which is 

respectively 78 and 55% higher compared to the baseline socio-economic scenario, under the 

same conditions as meteorological parameters. 
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Figure 11.11. Variations of the yearly mean (a) total nitrogen and (b) total phosphorus emissions from 

the (3) Pregolya River (Gvardeysk), (1) Downstream Pregolya River (Kaliningrad) and (2) Deyma River 

(Polessk) catchments according to the DF socio-economic scenario. Modeling forcing scenario: monthly 

mean air temperature and precipitation (baseline climate scenario 1991-2010), fixed yearly nutrient load 

according to the scenario DF.  

 

Analysis of the contribution of different nutrient sources in the catchment basin of the 

Pregolya River under the conditions of implementation of the socio-economic scenario for the 

DF territory, carried out under basic climatic conditions (1991-2010) showed that the largest 

share in the total nitrogen and total phosphorus load belongs to arable lands, sewage waters from 

the population and livestock and poultry farming wastes (Figure 11.12).  

At the same time, at the individual catchment of the Pregolya River (upward the division 

into the Downstream Pregolya and Deyma), the greatest contribution in the load of both total 

nitrogen and total phosphorus comes from arable lands - 59 and 61%, respectively.  

As for the individual catchment of the Pregolya River located downward the division into 

the Downstream Pregolya and Deyma, the contribution in the total nitrogen load from 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

231 

 

wastewater of livestock and arable land is comparable (40, 37% nitrogen and 45, 29% 

phosphorus). 

The major share of total nitrogen and phosphorus at the individual catchment of the 

Deyma is delivered from livestock and poultry wastes - 56% for both nitrogen and phosphorus. 
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Figure 11.12. Total nitrogen (a, c, e) and total phosphorus (b, d, f) source apportionment for the baseline 

climate scenario (1991-2010) and fixed yearly nutrient load according to the scenario DF for the Pregolya 

River catchment individual segments: (a,b) upper Pregolya (upstream Gvardeysk); (c:d) Downstream 

Pregolya River, (e,f) Deyma River.    

 

Model calculation of the nutrient load from the catchment basin of the Pregolya River, in 

accordance with implementation of the area’s socio-economic development scenario 
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"Documented future (DF)" under basic climatic conditions (1991-2010.) showed that the change 

in the nutrient load for nitrogen is in the territory of the KO. According to implementation of DF 

scenario, the role of livestock and poultry farming wastes significantly increases as a source of 

nitrogen and phosphorus load, amounting up to 56 and 61%, respectively. 

The total emission from all over the catchment basin of the Pregolya River on the 

receiving water bodies, under the conditions of implementation of socio-economic scenario DF, 

calculated as an average for the baseline climatic period (1991-2010) amounted to 9.4 thousand 

tons/year for total nitrogen and 1000 tons/year for total phosphorus, which was, respectively, 

more than 78 and 55 % higher than the nutrient load in accordance with the baseline socio-

economic scenario, under the same meteorological conditions. 

11.3  Emission and retention for scenario “Good agricultural practice 
(GoAP)” at the baseline climate (1991-2010) 

The main idea of the Scenario “Good agricultural practice (GoAP)” is to use all of the 

manure that comes from the stabling farming as organic fertilizers according the rates permitted 

by HELCOM recommendations. Nowadays not all the manure is used as an organic fertilizer in 

the Russian part of the Pregolya River catchment; a part of it supplements the unregulated point 

sources. Due to GoAP scenario is concerned only about agricultural practice and doesn’t include 

the land use and live stocks, two mixed scenarios (BAU+GoAP, DF+GoAP) were formulated as 

a combination of socio-economic changes (BAU and DF) plus good agricultural practice 

scenario. 

Although the BAU+GoAP and DF+GoAP scenarios are expected to be implemented 

during 2015-2020, basic climatic conditions were used in the model calculations (1991-2010.). 

This makes it possible to figure out how the water system of the Pregolya River will respond to a 

new level of the nutrient load irrespective of the climate changes. 

As a result of modeling, the values of total load and emission (Figure 11.13, 11.14) were 

obtained for individual sub-catchment areas of the Pregolya River system in accordance with 

implementation of the scenarios BAU+GoAP and DF+GoAP under basic climatic conditions 

(1991-2010). 

The changes in the value of emission and retention for BAU+GoAP and DF+GoAP 

scenarios compared to the baseline scenario are shown in Figure 11.15-11.18.  
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The dynamics of the average monthly concentration of total nitrogen and total 

phosphorus at the outlet sections of individual catchment areas of the Pregolya River, 

Downstream Pregolya and Deyma under the conditions of implementation of BAU+GoAP 

scenario with a real variation of meteorological parameters of the baseline climate scenario 

(1991-2010) is shown in Figure 11.19, 11.20. 
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Figure 11.13. Mean annual (1991-2010) total (a) nitrogen and (b) phosphorus load and emission for sub-

catchments of the Pregolya River catchment according to the Good agricultural practice scenario 

(BAU+GoAP). Modeling forcing scenario: monthly mean air temperature and precipitation (baseline 

climate scenario 1991-2010), fixed yearly nutrient load according to the scenario BAU+GoAP. 
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Figure 11.14. Mean annual (1991-2010) total (a) nitrogen and (b) phosphorus load and emission for sub-

catchments of the Pregolya River catchment according to the Good agricultural practice scenario 

(DF+GoAP). Modeling forcing scenario: monthly mean air temperature and precipitation (baseline 

climate scenario 1991-2010), fixed yearly nutrient load according to the scenario DF+GoAP.   
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(a) 

 

(b) 

Figure 11.15. Excess (in %) of the mean annual total nitrogen (a) emission and (b) retention for the 
Pregolya River catchment according to the Good agricultural practice scenario (BAU+GoAP)in 
comparison to Baseline scenario by results of modeling forcing scenario: monthly mean air temperature 
and precipitation (baseline climate scenario 1991-2010), fixed yearly nutrient load according to the 
scenario BAU+GoAP. 

(a) 

 

(b) 

Figure 11.16. Excess (in %) of the mean annual total phosphorus (a) emission and (b) retention for the 
Pregolya River catchment according to the Good agricultural practice scenario (BAU+GoAP)in 
comparison to Baseline scenario by results of modeling forcing scenario: monthly mean air temperature 
and precipitation (baseline climate scenario 1991-2010), fixed yearly nutrient load according to the 
scenario BAU+GoAP. 
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(a) 

 

(b) 

Figure 11.17. Excess (in %) of the mean annual total nitrogen (a) emission and (b) retention for the 
Pregolya River catchment according to the Good agricultural practice scenario (DF+GoAP) in 
comparison to Baseline scenario by results of modeling forcing scenario: monthly mean air temperature 
and precipitation (baseline climate scenario 1991-2010), fixed yearly nutrient load according to the 
scenario DF+GoAP. 

(a) 

 

(b) 

Figure 11.18. Excess (in %) of the mean annual total phosphorus (a) emission and (b) retention for the 
Pregolya River catchment according to the Good agricultural practice scenario (DF+GoAP) in 
comparison to Baseline scenario by results of modeling forcing scenario: monthly mean air temperature 
and precipitation (baseline climate scenario 1991-2010), fixed yearly nutrient load according to the 
scenario DF+GoAP. 
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Figure 11.19. Variations of the monthly mean (a) total nitrogen and (b) total phosphorus concentrations 

at the outlet sections of the (1) Pregolya, (2) Downstream Pregolya and (3) Deyma catchments according 

to the Good agricultural practice scenario (BAU+GoAP). Modeling forcing scenario: monthly mean air 

temperature and precipitation baseline climate scenario 1991-2010, fixed yearly nutrient load according to 

the scenario BAU+GoAP.  
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Figure 11.20. Variations of the monthly mean (a) total nitrogen and (b) total phosphorus concentrations 

at the outlet sections of the (1) Pregolya, (2) Downstream Pregolya and (3) Deyma catchments according 

to the Good agricultural practice scenario (DF+GoAP). Modeling forcing scenario: monthly mean air 

temperature and precipitation baseline climate scenario 1991-2010, fixed yearly nutrient load according to 

the scenario DF+GoAP.  

 

The scope and average value of the concentration of total nitrogen and total phosphorus 

at the outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya 

and Deyma under the conditions of implementation of the BAU+GoAP and DF+GoAP scenarios 

with a real variation of meteorological parameters of the baseline climatic scenario (1991-2010) 

are presented in Table 11.3, 11.4. 
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Table 11.3. Total nitrogen and total phosphorus concentrations at the outlet sections of the Pregolya 

(Gvardeysk), Downstream Pregolya (Kaliningrad) and Deyma (Polessk) river catchments according to the 

Good agricultural practice scenario (BAU+GoAP). Modeling forcing scenario: monthly mean air 

temperature and precipitation (baseline climate scenario 1991-2010), fixed yearly nutrient load according 

to the scenario BAU+GoAP. 

Concentration Pregolya (Gvardejsk) Downstream Pregolya 

(Kaliningrad) 

Deyma (Polessk) 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Mean 1.64  0.18  1.60  0.19  2.21  0.15 

Mean square 

deviation 0.34  0.06  0.14  0.04  0.96  0.05 

Maximum  2.99  0.31  1.91  0.29  7.24  0.29 

Minimum  0.38  0.02  1.01  0.12  1.39  0.08 

 

Table 11.4. Total nitrogen and total phosphorus concentrations at the outlet sections of the Pregolya 

(Gvardeysk), Downstream Pregolya (Kaliningrad) and Deyma (Polessk) river catchments according to the 

Good agricultural practice scenario (DF+GoAP). Modeling forcing scenario: monthly mean air 

temperature and precipitation (baseline climate scenario 1991-2010), fixed yearly nutrient load according 

to the scenario DF+GoAP. 

Concentration Pregolya (Gvardejsk) Downstream Pregolya 

(Kaliningrad) 

Deyma (Polessk) 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Total 

nitrogen, 

mg/l 

Total 

phosphorus, 

mg/l 

Mean 2.46 0.31  2.52  0.33  3.39  0.27 

Mean square 

deviation 
0.66 0.13  0.35  0.07  1.38  0.11 

Maximum  3.43 0.52  3.28  0.50  11.01  0.47 

Minimum  0.50 0.03  1.50  0.20  1.79  0.12 
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The interannual dynamics of the nutrient runoff of total nitrogen and total phosphorus at 

the outlet sections of individual catchment areas of the Pregolya River, Downstream Pregolya 

and Deyma under the conditions of implementation of the BAU+GoAP and DF+GoAP scenarios 

with a real variation of meteorological parameters of the baseline climatic scenario (1991-2010) 

are shown in Figure 11.21, 11.22. 

Analysis of the contribution of different nutrient sources in the catchment basin of the 

Pregolya River according to the Good agricultural practice scenario, carried out under basic 

climatic conditions (1991-2010) showed that the role of arable land increased in comparison with 

baseline scenario, especially in scenario DF+GoAP (Figure 11.23, 11.24).  

 

(a) 

0

2000

4000

6000

8000

10000

12000

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

To
ta
l n

it
ro
ge

n
, t
o
n
/y
e
ar

1 2 3

 

(b) 

0

200

400

600

800

1000

1200

1400

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

To
ta
l p

h
o
sp
h
o
ru
s,
 t
o
n
/y
e
ar

1 2 3

 

Figure 11.21. Variations of the yearly mean (a) total nitrogen and (b) total phosphorus emissions from 

(3) Pregolya River (Gvardeysk), (1) Downstream Pregolya River (Kaliningrad) and (2) Deyma River 

(Polessk) catchments according to the Good agricultural practice scenario (BAU+GoAP). Modeling 

forcing scenario: monthly mean air temperature and precipitation (baseline climate scenario 1991-2010), 

fixed yearly nutrient load according to the scenario BAU+GoAP.  
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Figure 11.22. Variations of the yearly mean (a) total nitrogen and (b) total phosphorus emissions from 

(3) Pregolya River (Gvardeysk), (1) Downstream Pregolya River (Kaliningrad) and (2) Deyma River 

(Polessk) catchments according to the Good agricultural practice scenario (DF+GoAP). Modeling forcing 

scenario: monthly mean air temperature and precipitation (baseline climate scenario 1991-2010), fixed 

yearly nutrient load according to the scenario DF+GoAP.  
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Figure 11.23. Total nitrogen (a, c, e) and total phosphorus (b, d, f) source apportionment for the baseline 

climate scenario (1991-2010) and fixed yearly nutrient load according to the scenario BAU+GoAP for the 

Pregolya River catchment individual segments: (a,b) upper Pregolya (upstream Gvardeysk); (c:d) 

Downstream Pregolya River, (e,f) Deyma River.    

 

 

 

 

 



BONUS Soils2Sea                                  February 2017 D 5.2  

 

243 

 

(a) 

Total nitrogen (Pregolia 

River)

73%

2%

2%

10%

2%
11%

 (b) 

Total phosphorus (Pregolia 

River)

80%

2%

0%

11%

1%6%

 

Forest

Clear cuts

Mires

Arable

Pasture

Open

Urban

Built

Municipal sewage waters of the
population connected to central
sewerage system

Municipal sewage waters of the
population that does not connected
to central sewerage system

Livestock and poultry farming
wastes 

(c) 

Total nitrogen (Downstream 

Pregolya River)

60%

5%

2%

15%

5%

12%

 (d) 

Total phosphorus 

(Downstream Pregolya River)

67%4%

0%

18%

3%
8%

 

(e) 

Total nitrogen (Deyma River)

5%

32%

2% 11%

38%

3%

14%

 (f) 

Total phosphorus (Deyma 

River)

37%

5%

0%

47%

2%
9%

 

Figure 11.24. Total nitrogen (a, c, e) and total phosphorus (b, d, f) source apportionment for the baseline 

climate scenario (1991-2010) and fixed yearly nutrient load according to the scenario DF+GoAP for the 

Pregolya River catchment individual segments: (a,b) upper Pregolya (upstream Gvardeysk); (c:d) 

Downstream Pregolya River, (e,f) Deyma River.    

The total emission from the whole catchment basin of the Pregolya River on the receiving 

water bodies, according to the Good agricultural practice scenario BAU+GoAP, calculated as an 

average for the baseline climatic period (1991-2010) amounted to 5.4 thousand ton/year for total 

nitrogen and 650 ton/year for total phosphorus which is respectively 0.9 and 3.8% less then 

compared to the BAU scenario, under the same conditions for meteorological parameters. 

The total emission from the whole catchment basin of the Pregolya River on the receiving 

water bodies, according to the Good agricultural practice scenario DF+GoAP, calculated as an 

average for the baseline climatic period (1991-2010) amounted to 8.9 thousand ton/year for total 
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nitrogen and 1220 ton/year for total phosphorus which is respectively 5.3% less and 17.5% 

higher then compared to the DF scenario, under the same conditions for meteorological 

parameters. 
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12. Regionalization of the Pregolya River catchment 
according to the nutrient retention capacity (Domnin D.A., 
Gorbunova J.A.) 

According to the model calculation results for each sub-catchment of the Pregolya River 

catchment, the emission values of total nitrogen and total phosphorus were obtained, as well as 

the degree of its retention by the sub-catchments. For the baseline period (adopted according to 

the climatic conditions in 1991-2010 and provided annually recurring nutrient load of the level 

of 2014), the average retention capacity of the entire catchment (the ratio of the retained load 

portion to the entire load on the catchment area) was 39% for total nitrogen and 50% for total 

phosphorus. However, there is a difference in the nutrient load retention capacity territorially 

between individual sub-catchments: the scale of values ranges from 0.5 to 82% of total nitrogen 

retention and from 0.7 to 94% of total phosphorus retention (Figure 12.1). 

(а) 

 

(b) 

 

Figure 12.1 – Spatial distribution of the retention capacity for (a) nitrogen and (b) phosphorus in 

the catchment of the Pregolya River. Modeling forcing scenario: monthly mean air temperature 

and precipitation (1991-2010), fixed nutrient load (2014 yearly mean).   

 

The whole range of values of the retention capacity is conventionally divided into 4 

ranges by Jenks's method: 

 low degree of retention (less than 6%) 
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 retention rate below average (6-39%  for nitrogen and 6-50% for phosphorus)  

 retention rate above average (39-60% for nitrogen and over 50-69% for phosphorus)  

 high degree of retention (over 60% for nitrogen, and over 69% for phosphorus). 

According to the accepted ranges, the Pregolya River catchment area was divided into 

regions (Figure 12.1). The high degree of nutrients retention (both nitrogen and phosphorus) is 

characteristic of the upper sub-catchments located in the south-eastern part of the catchment 

area. The lowest degree of retention is typical of lower reach sub-catchments. The transition part 

of the catchment area is characterized by average retention capacity. 

The spatial differentiation of retention capacity depends on several factors. Retention is 

directly proportional to the extent of the river network, the number of large lakes, and inversely 

proportional to the river runoff. Territorially, retention does not depend on the initial nutrient 

load, as well as the distance of a certain sub-catchment from an outlet section. 

A similar pattern of spatial zoning of retention capacity was observed under the 

conditions of scenario calculations when the incoming data of the river flow values have 

changed (as a response to climatic change), or the initial nutrient load coming from the 

population and farming enterprises have changed. 

Thus, the catchment area of the Pregolya River is characterized by considerable 

heterogeneity in the nutrient retention ability (both under the current socio-economic and 

climatic conditions, and in case of possible changes in the climate of nutrient loading scenarios), 

and a detailed examination of each of its parts is required to assess this ability. The use of 

averaged coefficients of retention for the Russian and Polish parts of the catchment area is 

unacceptable. 
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13. Synthesis of scenario analysis (Gorbunova J.A., Domnin D.A., 
Chubarenko B.V., Donnely С.) 

The most scientifically important is the result of comparison of changes in the nutrient emission 

from the catchment area of the Pregolya River with possible variations of the future climate and 

socio-economic development scenarios. Usually the problem of comparison is always solved in a 

very specific way in relation to the analyzed territory, avoiding consideration of unrealistic 

expectations in economic development. This study includes the comparison of the baseline 

period situation (climate impact for 1991–2010 in conjunction with the nutrient load, estimated 

based on data of 2014), and two groups of projected scenarios: the first group comprised from 4 

climate impact projections for the period of 2041–2060 (borrowed from the results of 

EUROCORDEX project: CanESM2_RCA4, CM5A-MR_WRF, CNRM-CM5_RCA4 and MPI-

ESM-LR_CCLM) in conjunction with the nutrient load of 2014, and the second group, namely 

the 4 scenarios of socio-economic development: the scenario "Business as usual (BAU)" of 

keeping the current trends in socio-economic development, the scenario "Documented future 

(DF)" of implementation of documented development plans, and implementation of the “Good 

agricultural practice (GAP)” on top of both BAU and DF scenarios in conjunction the 

background of the climate impact for the baseline period of 1991–2010.  

A model estimation of the emission of total nitrogen (TN) and total phosphorus (TP) from the 

catchment area of the Pregolya River on the receiving water bodies (Vistula and Curonian 

Lagoons of the Baltic Sea) was obtained for these scenarios (Figure 13.1). 

A series of model calculations with different climatic projections under the same conditions of 

the nutrient load (conditions of 2014) showed the uncertainty for nutrient emission ranged from 

decline (10%) up to increase 27% for the TN, and decline (10%) up to 29% for TP (Figure 13.1). 

A series of model calculations with different socio-economic scenarios, under the same basic 

climatic conditions (1991–2010) showed that in case of implementation of BAU scenario, the 

nutrient emission would slightly increase (by 3% for TN and TP). In the event of DF scenario, 

the nutrient emission shall increase significantly, by 42% for TN and 32% for TP. 

The total emission from the whole catchment of the Pregolya River to the receiving water 

bodies, according to the combined scenario ‘BAU+GoAP’, calculated as an average for the 

baseline climatic period (1991-2010) amounted to 5.4 thousand ton/year for TN and 650 ton/year 
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for TP which is respectively 3% higher and 1% less than total emission for the baseline socio-

economic scenario under the same meteorological conditions, and it is less than total emission 

for the BAU scenario under the same meteorological conditions by 1 and 4% respectively for TN 

and TP. 

The total emission from the whole catchment basin of the Pregolya River to the receiving water 

bodies, according to the combined scenario ‘DF+GoAP’, calculated as an average for the 

baseline climatic period (1991-2010) amounted to 8.9 thousand ton/year TN and 1220 ton/year 

TP which is respectively 70 and 86% higher compared to the baseline socio-economic scenario 

under the same meteorological conditions and 5% less and 18% higher than the total emission of 

total nitrogen and total phosphorus for the DF scenario under the same meteorological 

conditions. 

Application GoAP scenario assumes a reduction in nutrients emission due to removal of the part 

of the nutrient load from point sources and an integration of it in the agrochemical cycle. The 

expected reduction of emission for nitrogen was obtained for both scenarios the ‘BAU+GoAP’ 

(1%) and ‘DF+GoAP’ (5%). In the case of phosphorus the reduction in the scenario 

‘BAU+GoAP’ (4%) was also expected. The increase of phosphorus emission in the scenario 

‘DF+GoAP’ by 18% is likely due to the reason that the model does not reproduce whole 

phosphorus involvement in agrochemical cycle for heavy load, and the most part of phosphorus 

is just flushing from the fields. This may be included in the model through the value of type 

specific concentrations corresponded to excessive washout. 

The value of the nutrient retention in the catchment area of the Pregolya River that describes the 

difference between nutrient gross load on the catchment area and outflow by the river network 

for the baseline period (1991–2010) conditioned upon the nutrient load corresponding to the 

conditions of 2014 amounted to 39% for TN and 50% for TP (Figure 13.2). A series of model 

calculations with different climate projections for 2041-2060, under the same conditions of the 

nutrient load (for 2014) showed that, if implemented, the retention value would not change 

significantly about 1-2% for TN and TP. Implementation of the different climate projections 

illustrate the possible range of uncertainty in climate induced changes of retention – the decrease 

of retention for CanESM2_RCA4, CM5A-MR_WRF and CNRM-CM5_RCA4 and an increase 

in the case of MPI-ESM-LR_CCLM.  
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The analysis of socio-economic scenarios under the same basic climatic conditions showed that 

in case of implementation of BAU scenario, the retention value would decrease by 0.5% both for 

nitrogen and phosphorus; in case of DF scenario, it would decline by 4% for nitrogen and 4% for 

phosphorus. Reduction of the retention value in case of implementation of DF scenario is 

significantly higher compared to the other scenarios considered; the increase in the 

anthropogenic nutrient input inherent in the present scenario might considerably exceed the 

receiving capacity of the catchment area. The simulations showed that implementation of the 

GoAP socio-economic scenario leads to decrease of the total retention in the Pregolya catchment 

in comparison with the Baseline socio-economic scenario under the same meteorological 

conditions. In case of the ‘BAU+GoAP’ scenario the total retention was decreased by 1% for TN 

and 11% for TP. In case of the ‘DF+GoAP’ scenario the total retention was decreased by 0.5% 

for TN and 11% for TP. 

These results provide clear evidence that the changes in local climate in the Baltic Sea 

region can lead to changes in the nutrient flow characteristics comparable to those that might be 

expected under socio-economic development of the territory that acheives modern agricultural 

standards. Secondly, even when considering stable nutrient inputs to the catchment, climate 

change itself leads to an increase in nutrient emissions. This should be considered when 

developing plans of socio-economic development (currently the climatic aspect is usually not 

taken into account in Russia), as the uncontrolled growth of the nutrient emission will adversely 

affect the currently low water quality of the Baltic Sea. 

 

  
Figure 13.1. The emission of total (a) nitrogen and (b) phosphorus from the Pregolya River 
catchment (in total to both of the recipient water bodies, the Vistula and Curonian Lagoons),  
under different climate and socio-economic scenarios. 
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Figure 13.2. The retention of total (a) nitrogen and (b) phosphorus in the Pregolya River 
catchment for different climate and socio-economic scenarios. 

 

Table 13.1. Nutrient emission from the Pregolya River catchment for socio-economic scenarios 

in conjunction with baseline climate (1991-2010), and its absolute (∆) and relative changes in 

percentage with signs (+)/(-), which denote an increase or decrease of the average value of a 

parameter relative to the baseline period 1991-2010. 

Parameter Baselin
e period 

BAU DF BAU+GoAP DF+GoAP 

Value Value ∆ % Value ∆ % Value ∆ % Value ∆ % 

Ntot, 
ton/year 

5268 5 452 184 3 9406 4138 79 5404 136 3 8940 3672 70 

Ptot, 
ton/year 

657 675 18 3 1021 364 55 652 -5 -1 1224 567 86 
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