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IM ,,Puszcza Borecka”

» Area of the monitored catchment:
13.268 km?

» 86% of catchment belongs to the
protected area Puszcza Borecka

* 100% Natura 2000

- EMEP station (PLOS ,Diabla Goéra”)

[] catchment area

[ Lake

—— Main streams
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10S-PIB

INSTYTUT OCHRONY SRODOWISKA
PANSTWOWY INSTYTUT BADAWCZY

Lake (Lekuk Wielki)
located at the outflow
Area of lake: 21.297 ha
4 main streams flowing into the lake
(partially of seasonal character)
Elevation: 127.3 -198.8 m a.s.l.
(station at 157.5)

[ catchment area

E Poland

0 50 100 200 A

: p— s kM
‘.__E":"FF
k -:: !g-l
F..-' :" N e

Joint 34" |[CP Waters and 26" ICP IM Task Force Meeting, 2018




IM ,,Puszcza Borecka” @

10$-PIB

I—and use. [ ] catchment area
* Forests: 78% =y
* Agriculture: 5.6% =:orests

. ransportation
¢ Sem|natura| 143% [l Seminpatural
« Water: 1.6% — Sy
- Residential: 0.2%

(low density)

==km A




Monitoring of nitrogen @
10S-PIB

Scope:
 Concentration of N-NO, ; and N-NH, in air and precipitation
and wet deposition (daily since 1994)
» Concentration of N-NO; and N-NH, In:
* troughfall (monthly since 2005)
- stemflow (monthly since 2004)
 litterfall (monthly sampling, yearly analyses since 2004)
- Soil water at 3 depths: 20, 50 and 80 cm (2-9 samples/year since
2010)
- groundwater (1-8 samples/year since 1995)
. * lake + outflow (1-8 samples/year since 1991, outflow since 1995)
_ @ * streams (1-10 samples/year since 1995, discontinued)




Monitoring of nitrogen — basic results, trends

Deposition of N

* no statistically significant
trends in the total
deposition of nitrogen

- for NO, decrease in wet
deposition and increase

In dry (p<0.05 and p<0.1)

* no decrease because of
72 the atmospheric
L/ ; "‘preupltatlon
(Stegééﬁﬁ’cemratlons)
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Monitoring of nitrogen — basic results, trends @

Concentration of N in

precipitation

- Significant decrease in the N
concentrations
(p<0.001, decrease nearly 1.5
% per year)

Concentration of N in air
- Significant increase in the N
concentrations
(p<0.01 for NO,, p<0.025 for
NO, and NH, ,, Increase
“Napprox. 2 % per year)

INSTYTUT OCHRSC:_I:J{}; SRODOWISKA
- N-NO3 in precipitation
- N-NH4 in precipitation
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Monitoring of nitrogen — N Iinputs

‘ Yearly average

Dry deposition 1.46 A 1.63%/year 24 p=0.015
Wet deposition 2.91 kg/ha/y V 0.75% [/ year 24 p=0.059
N-NO, Troughfall 4.28 13 N. s.
0.49 Hornbeam N. s.
Stemflow 0.92 Oak mg/I 14 N. s.
2.73 Spruce A 7.54% [ year p=0.018
Dry deposition 3.15 24 N. s.
Wet deposition 3.45 kg/ha/y 24 N. s.
N-NH, Troughfall 4.72 13 N. s.
0.75 Hornbeam N. s.
/ Stemflow 1.21 Oak mg/| 14 N. s.
N K 2.71 Spruce A 4.80% / year p=0.063
Litterfall 53.53 kg/ha/y 5 N. s.
FI.‘?* t.w"‘x s

A : _ \E * “N. s.” (not significant) means p<0.1 in the Mann-Kendall test I
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Monitoring of nitrogen — N outputs (SIinks)

@

10S-PIB

INSTYTUT OCHRONY SRODOWISKA
NSTYTU

Significance
average

‘ Yearly

L

' & Joint 34" ICP Waters and 26" ICP IM Task Force Meeting, 2018

. 20 cm 0.546 V 24.19% / year 7/ p=0.064
SO";’;’fter 50 cm 0.203 7 N. s
80 cm 0.141 mg/| 7 N.s
Groundwater 0.060 20 N.s
N-NO; | Surface water outflow 0.334 - 17 N.s
Surface water outflow 0.523 kg/ha/y Not analysed**
1 m 0.356 A 6.66%/year 13  p=0.071
Lake at: 5m 0.665 mg/| 7 N.s.
-11m 0.628 13 N. s. *“N.s.” (not
| 20 cm 0.141 A 23.28%/year 7 p=0.008 significant)
SO";’:f‘ter 50 cm 0.055 A 2128%/year 7  p=0.017 ;Ezal\r;faﬁf'l n
80 cm 0.086 mg/I A 26.70% /year 7 p=0.017 Kendall test
Groundwater 0.090 A 3.91% / year 21 p=0.054 *% roliable flow
N-NH, | Surface water outflow 0.174 A 14.26% [year 13 p=0.004 rate data
Surface water outflow 0.070 kg/ha/y Not analysed** available to
1m 0.165 A 12.24%/year 13  p=0.016 2008.
Lake at: -5m 0.301 mg/| 7 N.s.
-11m 0.861 A 10.51% /year 13 p=0.001




Monitoring of nitrogen

@

— correlations between sources and sinks of N .

10S-PIB

INSTYTUT OCHRON
PANSTWOWY INSTYTUT BADAWCZY

(outflow)

Input Output Correlation®
dry deposition moderate
N-NO, lake (at 11 m) concentration in air moderate
concentration in troughfall moderate
soil water at all dry / wet / total deposition moderate
depths load in troughfall moderate
lake (at 1 m) concentration in air high
N-NH, lake (at 5 m) concentration in troughfall moderate
lake (at 11 m) concentration in air moderate
surface water concentration in air high

g
W
-
Y

Sk =

*  Pearson coefficient:
Moderate: 0.5<R<0.75

High:

0.75<R

Joint 34" |[CP Waters and 26" ICP IM Task Force Meeting, 2018



Monitoring of nitrogen @
— limitations of the data interpretation 10§-PIB

« Usually not all desired forms of N are measured or
measurable (e.g. nitrogen uptake)

« Usually not all processes affecting the N transport are
measured (e.g. percolation) or measurable (e.qg. lateral flow)

* Monitoring periods are can be different for different
parameters

« Gaps in data

*  Frequency of monitoring may not be enough to analyse
dynamic processes

Assessment of interdependences between variables Is

Joint 34" |[CP Waters and 26" ICP IM Task Force Meeting, 2018



Modelling of nitrogen dynamics
— what for?

« Usually not all desired forms of N are
measured or measurable (e.g. nitrogen
uptake)

« Usually not all processes affecting the N
transport are measured (e.g. percolation)
or measurable (e.g. lateral flow)

 Monitoring periods can be different for
different parameters

« Gaps in data

 Frequency of monitoring may not be
enough to analyse dynamic processes

« Assessment of interdependences
between variables is usually limited to

Joint 34" ICP Waters and 26" ICP IM Task Force Meeting, 2018



Integrated assessment of environmental processes @
— conceptual design of the system In Puszcza Borecka

10S-PIB

INSTYTUT OCHRONY $RODOW|5KA
NSTYT!

Four main modules (models)

Database R
Air quality Input data: concentrations, deposition, meteorological parameters,
and atmospheric emitters, surface elevation and land use,
deposition Outputs: concentrations, deposition
Input data: meteorological data, land morphology and land use, soils,
/ N and P monitoring data, water balance monitoring data, deposition,
Hydrological module: management practices
N & P cycle in catchment Outputs: water balance (e.g. evaporation, percolation, groundwater
area recharge, surface runoff), nutrient balance
Input data: surface water inflows and quality (e.g. chlorophyll, N, P, Si,
C, O, temperature, pH), meteorological data, bottom sediments,
Lake hydrodynamics and characteristic and initial conditions for plankton, macroalgae,
: invertebrates and fish
aguatic ecosystems : :

b y Outputs: 3D concentrations (e.g. chlorophyll, N, P, Si, C, O),
temperature, biomass of plankton, macroalgae, invertebrates and fish.
Input data: recharge, loads of N, geological structure, initial water

Transport of N in table elevation, wells, intakes.

groundwater Outputs: directions and velocity of flow, water table elevation,

concentrations 1)




Integrated assessment of environmental processes @
— conceptual design of the system In Puszcza Borecka

r &
INSTYTUT OCHRONY SRODOWISKA
PANSTWOWY INSTYTUT BADAWCZY

Models (to be) used

Air quality

and stmospheri J{— CALMET-CALPUFF (2019)

deposition
]{— SWAT (2017-2018)

Sl | AEM3D (2017-201)

Transport of N in
groundwater

Y Joint 34" ICP Waters and 26" ICP IM Task Force Meeting, 2018

y4

Hydrological module:
N & P cycle in catchment
area

MODFLOW-MT3D (2018-2019) I




Model of the tekuk Wielki
catchment area

Model:
Soil and Water Assessment Tool (SWAT)

Main features:

Subbasins of 4 main inflows
Direct catchment area of the lake

265 hydrological response units
(unique combinations of land use

Soll type and land slope)
Time step: 1 day — 1 year

|
0
Analysed period: 1995-2014 e kM

Main inputs:

0.5 1

 Land use « Deposition

L Dlgltal elevation model - Meteorological data
hdrographlc: maps * Flow rate in streams (for calibration)
oll parameters « Concentrations of N in streams (for
Fertilisers calibration)

Joint 34" |[CP Waters and 26" ICP IM Task Force Meeting, 2018




Model of the Lekuk Wielki catchment area
- calculated water balance

PET
599.8

Root Zone

Vadose (unsaturated)
Zone

Shallow (unconfined)
Aquifer

Confining Layer

Deep {confined)
Aquifer

AAAMARMA

Evaporation and
Transpiration

10S-PIB

INSTYTUT OCHRONY SRODOWISKA
PANSTWOWY INSTYTUT BADAWCZY

Yearly sum [mm]
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T Y 2 AR 110 [l Evapotranspiration...{ ... ..
Y I N RN LY |
g K ¥ 100

7 AT Dl A R 90

,' Precipitation
¢ 7399 ¢
1t

/
/

E
E
/ £
"7 I A s 60 |- L
e g o ;'_ 50
R S SR Y 2 5 |-
t ottt £ [
YRl o c 40 | Pl DL
/ ,l ’l ’l s 30 || | (R
£ L6 & L€ 20 H H H HOH -
Vs 1 ¢
¢ 1?2 10 | H LT -
L _—
i 7 0

Infiltration/plant uptake/

Soil moisture redistnibution Surface

Runofi 86-16

Flow out of watershed

: PN W Lateral
- ‘ ) - ) ) I . ; . \IOW \
V 12 -2 99
Revap from shallow aquifer Parcolation to shallow aquifer Retum Flow
11.66 285.38

A

259.33

Recharge to deep aquifer
14.27

v V. VI viivil IX X XI Xl

Yearly average

Period:
1995-2014

Unit:
mm/y



Model of the tekuk Wielki catchment area @
- calculated water balance 'AE.DID

70
'g 60
g 50
£ 40
£ 30
g 20
a 10
Example of .
P 112007 V12007 IX 2007 X1l 2007
monthly |5 - 0
5 1-10
: -
averages in 2007 =% 1120
@ 2 o 21 - 30
f =150
: 5 )
61 -
L
average = 71 - 80
precipitation) 0.0-0.5
= 0.6-1.0
ez 11-2.0
. g i 2.1-3.0
§ s m3.1-4.0
t £ B 4.1-5.0
3= B 5.1 -10.0
B 10.1 - 15.0
B 15.1 - 35.0
0-10
11 -20
82 21-30
& g 31-40
8 E 41 -50
o = [51-60
Q. — I 61-70
e 71-80
B 81 - 90




Model of the tekuk Wielki catchment area
- calculated imtaraifon

. 100 -
| nStream 50 B Surface runoff
— i Groundwater return flow
c
Water :Ei 80 —Stream flow at the outlet
£ 70 ——Precipitation
balance £ -
= 50
£
5 40
. . » 30
Contribution of 2
surface runoff, 10
lateral flow and .
groundwater to =
streams £ 1000
3
"_é 500
0
a 0

Contribution
to the sream flow [%)]

Ty (Yo
2
c c
T T
- -

Jan-98
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Jan-00
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Jan-12
Jan-13
Jan-14




Model of the Lekuk Wielki catchment area @
- calculated nitrogen balance

IOS PIB
2.6 1400 NSTWOWY INSTYTUT
2.4
2.2 1200 .
2.0 Initial results:
1.8 1000 E Yearly outflows of the
1.6 = nitrogen
= 14 800 s
< 12 c00 &
< 1.0 o
2 0.8 O
= 400 &
0.6
0.4 200
0.2 | i
0.0 0

mm N-NOS3 lateral flow
N-NO3 Recharge

B N org. runoff

m N-NO3 runoff

—Precipitation SWAT
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trogen balance

- calculated n
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Model of the Lekuk Wielki catchment area @
- calculated nitrogen balance 10§-PIB
Initial outputs:

* Yearly average loads of nitrogen

* Period: 1995-2014
° UnitS: kg/ha/y Nremovseci;v‘slth crops

— & |

(N-NO3 + Tcig zin residue) U [N-NO3 uptake) ////fw in f<§t7i|isers)

23.077 4.115

(1.438 N-NOS3 runoff
(N-NO3 percolation) \_0.184 N org.
5.649

Recharge \| vV \%@-N03 lateral flow
0.118 \_ 0.010

T \/\




Model of the Lekuk Wielki catchment area @
- calculated nitrogen balance !8?1;!30!5

Initial outputs:

* Yearly average loads of nitrogen

*  Period: 1995-2014

° UnitS: kg/ha/y Nremov:::volth crops
 No deposition

— x|

~7 / \ S/ <7
(N-NO3 +N org. in residue) (N-NO3 uptake) N in fertilisers

10.462 13.252 4.450

(0.315 N-NO3 runoff
(N-NO3 percolation) \_0.163 N org.
3.245
Recharge \| vV %@-NO3 lateral flow
0.068 \_ 0.005

= \/\
&




Model of the Lekuk Wielki catchment area @
- calculated nitrogen balance !8?1;!30!5

Initial outputs:
* Yearly average loads of nitrogen
*  Period: 1995-2014
-y N removed with cro s
- Units: % of change o TP

 No deposition
— ¥ |

~7 / \ /17 <7
(N-NO3 +N org. in residue) (N-NO3 uptake) [N in fertilisers
-38.25

-42.57 8.14

(-78.09 N-NOS3 runoff
(N-NO3 percolation) \-11.41 N org.
-42.56

Recharge \| vV %@-N03 lateral flow
-42.37 _ -50.00

L~




Model of the Lekuk Wielki Lake

The model 1s aimed to simulate:

1. flow in the lake taking intro account inflows, outflow
and meteorological conditions

2. changes In the water temperature (and

stratification) inflows, outflow and meteorological
conditions

3. Impact of inflows on the water quality (including
nutrients)

Impact of inflows and meteorological conditions on
ecosystems (mainly phytoplankton and

Joint 34" |[CP Waters and 26" ICP IM Task Force Meeting, 2018



Model of the Lekuk Wielki Lake

The model 1s aimed to simulate:

flow in the lake taking intro account inflows, outflow
and meteorological conditions

changes in the water temperature (and
stratification) inflows, outflow and meteorological
conditions

Impact of inflows on the water quality (including

nutrients) G
4. impact of inflows and meteorological conditions on 00
I ecosystems (mainly phytoplankton and 0$

zooplankton)
L oantry




Model of the Lekuk Wielki Lake @

105-PIB
M O d el: M al n f e atu r e S: PANSTWOWY INSTYTUT BADAWCZY
Aquatic Ecosystem Model (AEM3D) Horizontal resolution: 10 m
- *  Number of layers: 21

05 » Thickness of layers: 0.25 —-1.00 m

. 1.0

n 15  Total calculation cells: 33 622
-2.0 . .
i e 25+ Time step: 0.5 min.
I. 3.0 .
- - 35 - Analysed period:
| By April 2004 — March 2006
22 * Includes:
50 2 * 4 inflows (streams),
6.5 3 _
70 F - 2 direct catchments,
£ 7.5 _
| 80  groundwater inflow/outflow,
: Y * main outflow
-9.5
-10.0
-10.5
. -11.0
D) 11,

AT N

& Joint 34" |[CP Waters and 26" ICP IM Task Force Meeting, 2018



Model of the Lekuk Wielki Lake @
10S$-PIB

INSTYTUT OCHRONY SRODOWISKA

Nitrogen in AEM3D

Variable Description
NO3 Nitrate + Nitrite
NH4 Ammonium Denitrif Atmosphere

DON Dlss_olved Organlc_; Nlt_rogen - Ustake Water Column
PON Particulate Organic Nitrogen “
AIN Algal Internal Nitrogen m NH4 IN
. ; . 7 Algae Groups
PIN Particulate Inorganic Nitrogen Adsorp
BIN Bacterial Internal Nitrogen Desorp
ZIN Zooplankton Internal Nitrogen PIN Mort
FIN Fish Internal Nitrogen s Excr
Sed V
. —— Fl Settl =
L Labile Inflow - St DONL X/ PONL stus Outflow
R Refractory (optional) Resus DONR Decomp | PONR Migration
: Mort

Diss -

Sed [S)Iesds Mo Excr

Flux Excr Settl

Flux R
M esus
4 Macroalgae
NO3. .| PINgep |NH44|[DONg Sediments PONgep| | INgep

Hipsey, M.R., 2010, Computational Aquatic Ecosystem Dynamics Model:
CAEDYM v3, v3.2 Science Manual (DRAFT), Centre for Water Research, B
University of Western Australia, September 29, 2010




Model of the Lekuk Wielki Lake @
10S$-PIB

INSTYTUT OCHRONY SRODOWISKA

Nitrogen in AEM3D

Variable Description
NO3 Nitrate + Nitrite
NH4 Ammonium Denitrif Atmosphere

DON Dlss_olved Organlc_; Nlt_rogen - Ustake Water Column
PON Particulate Organic Nitrogen “
AIN Algal Internal Nitrogen m NH4 IN
. ; . 7 Algae Groups
PIN Particulate Inorganic Nitrogen Adsorp
BIN Bacterial Internal Nitrogen Desorp
ZIN Zooplankton Internal Nitrogen PIN Mort
FIN Fish Internal Nitrogen s Excr
Sed V
. —— Fl Settl =
L Labile Inflow - St DONL X/ PONL stus Outflow
R Refractory (optional) Resus DONR Decomp | PONR Migration
: Mort

Diss -

Sed [S)Iesds Mo Excr

Flux Excr Settl

Flux R
M esus
4 Macroalgae
NO3. .| PINgep |NH44|[DONg Sediments PONgep| | INgep

Hipsey, M.R., 2010, Computational Aquatic Ecosystem Dynamics Model:
CAEDYM v3, v3.2 Science Manual (DRAFT), Centre for Water Research, B
University of Western Australia, September 29, 2010




Model of the Lekuk Wielki Lake @

Flow velocity in the cold season (Similar velocity at different depths)

Top Average

N-S section

Joint 34t ICP Waters and 26% ICP IM Task Force Meefing, 2018




Model of the Lekuk Wielki Lake
- Examples of outputs

Flow velocity in the warm season (Increased velocity near the

surface) Average
______________ J ______________ ______________ ______________ ______________ ______ ______________ ______________ ______________

N-S section

Joint 34 ICP Waters and 26t ICP



Model of the Lekuk Wielki Lake @
- Examples of outputs 10$-PIB

T OCHRON so ows
WY INSTYT

Flow velocity in N-S and W-E cross-sections (average for 2 years)

0 50 100 150 200 250 300 350 400 450 500 550 600
Distance

0.008 %n
0.006 ®
0.004 3
D
0.002<
0.000

0 50 100 150 200 250 300 350 400 450 500 550 600




Model of the Lekuk Wielki Lake @
- Examples of outputs 10$-PIB

PAN TW WYIN TYTUT BAD

Water retention time in warm season after 1.5 year simulation
(approx. 150 days near the surface, and 220 days In the deepest part)

Top Average Botl:om

N-S section

W-E section

! Y f& Jomt 34th ICP Waters and 26th ICP IM Task Force Meetlng 2018



Model of the tekuk Wielki Lake
- Examples of outputs

Water retention time after 2 years
(approx. 280 days in the entire lake except areas near main inflows)

Top
= = 300
290
280
270 E
1]
260 =
=]
250 S
=l
240 3
(]
2303
220
210
200

N-S section

W-E section

?&R Joint 34" |CP Waters and 26" ICP IM Task Force Meeting, 2018
R -



Model of the tekuk Wielki Lake
- Examples of outputs

Water temperature - warm season

Top

N-S section

W-E section

s &}\ Joint 34" ICP Waters and 26t ICP IM Task Force Meetin
R -

g, 2018



Model of the Lekuk Wielki Lake
- Examples of outputs

Water temperature - cold season

Top Average

N-S section

W-E section

Jdint 34”" IC.P Watérs .anc.l 26th I.CP.IM .TaSk Forée Mee.ting, 2018



Conclusions:

* Wide range of monitoring data available for the
“Puszcza Borecka” station (since early 1990's)

* [t is difficult to assess the impact of atmospheric
deposition of nitrogen on ecosystems and water

Nitrogen budget

quality based on the monitoring data only at the IM station
"Puszcza
«  SWAT model was used to simulate the nitrogen Borecka"
cycle in analysed area (first step to assess the Joint 341 1CP
iImpact of deposition has been taken) Waters and 26'"
_ ICP IM Task
 AEMS3D model was used to simulate the lake’s Force Meeting,

: - - Warsaw, Poland,
hydrodynamics and thermodynamics and to give a 7.9 May 2018

basis for the assessment of impact od the
deposition on water quality and aguatic

ecosystems.
Thank You @

Rafal.Ulanczyk@ios.edu.pl |OS'P|B




