University of

!
< Reading

Integrated catchment
modelling as atool for
managing freshwaters

29 January 2014
Professor Andrew Wade
Department of Geography and Environmental Science



Why model?

* To integrate processes and
transport pathways within
catchments in a systematic

Chris Soulsby, Aberdeen University

River Dee, NE Scotland

 To provide quantitative
estimates (with uncertainty)
of the likely impacts of
global change on
freshwater ecosystems



Aims

 To improve our understanding of how freshwater
ecosystems will respond to environmental change over
the next 50 years (2031-2060);

e To present this information in a form that can be used by
catchment managers and fed into the design of cost-
effective measures to reduce (nutrient) pollution.



/ a1

1:25.000,000 < - ¢

L

=Y

Site Name 1LaTordera
2 Lake Beyshir and catchment

3 Thames/Kennet
4 Vitava
5 Vansja-Hebol

6 Lake Pyhajarvi/River Ylaneenjoki
7 River Dee

8 River Louros

9 lJsselmeer

10 Plastic

11 Harp



Modelling approach

ENSEMBLES climate output data: Local land use scenarios separated
Baseline and future scenarios into 4 IPCC storylines

Daily precipitation
Max and min daily air
temperature

Catchment Model(s)

Nitrogen and phosphorus
baseline and load scenarios

Lake Model(s)

Daily mean air temperature

Baseline and scenario outputs
for phytoplankton biomass

—

Baseline description and 4
land use scenarios

Baseline
and
scenario
outputs of
indicator

Adapted from Trolle et al.,
2013. REFRESH
Deliverable 5.2



Ylaneenjoki River and Lake Pyhajarvi
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River Ylaneenjoki



Catchment N, P, Sediment (and C) modelling

» Integrated Catchment model
N and P dynamics in complex river systems

— Terrestrial INCA screen shot

EI=l

— In-stream
* Point and diffuse
* Process-based, mass balance
e Dalily
e Simulates Flow, SS ool 8 0 —

e Simulates NO,, NH,, TP, TRP, PP =

Wade AJ, Durand P et al. 2002.
Whitehead et al. 1998
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Level 3: Cell Model
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Land Cell: Hydrological Model
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Ammonium + Ammonium + Nitrogen
Nitrate fertiliser  Nitrate deposition Fixation

!

Urban waste
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Addition uptake  Addition uptake

denitrification nitrification . Ne_t .
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NO, NH,
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INCA-N calibration and uncertainty: Ylaneenjoki
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Water biological response as a function of
incoming INCA- P and N load

Chl-a estimate as a function of incoming load
Pyhajarvi 34.031.1.001
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How certain are we about
these results - flow?
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How certain are we about
these results - nitrogen?
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How certain are we about

these results - phosphorus?
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Preliminary conclusions

 Models, when used in a rigorous framework and
following data analysis, can be informative for assessing
the impacts of environmental change (and the

effectiveness of measures)
— Integrate climate, hydrology, biogeochemistry and ecological
iIndicators
— Dominant mode(s) of response
— Key uncertainties
— Flow > Water quality/Ecological indicator response > Ecosystem
response

 Engagement with stakeholders
— Measures and ecological indicators
— Model pedigree and published parameter sets
— Future partnership






REFRESH Models —
Transfer of Information

Land Use Discharge (m3/s) R Ref Precipitation (mmlyr)
Air Temperature (C) ‘ Precipitation (mmiyr) | Forest 100 33t034 0 Co 850 to 900 100 |
91010 100 amama 850 to 900 100 - Extensive Agriculture 0 431044 30.0 p— 87514
% %\ Intensive Agriculture 0 441045 10.0 mm =
9.5+029 8r9+14 Urban 0 451046 20.0 p—
46t0 47 10.0

Ref Temperature !

47t048 30.0 — Reference Discharge (m3/s)

other- 0 3t0 3.1 0

0 3.

455+0.16 431044 300 -

/ / 441045 200

Organic Load Eutrophication Risk ‘@l 4B 647 300
30 - | |

[om—
]
-
[e——
0 21 0 Oto1 50.0 — Oto1 100 p— 471048 10.0 pm
1to2 50.0 1to2 0 5
Stream Ref Temp  Stream Temp 2 tg 3 0 e 2 tg 3 0 . iy 2 i - 157+ () 140
L - 3tod 0 3tod 0 SRP (ugll) Light i
Maximum DO (mgiL) 4to5 0 4to5 0
Tto 8 0 5to6 0 5to6 0
8t0 9 0 Bto7 0 Gto7 0
9to 10 0 Tto8 0 Tto8 0
10to 11 100 p——— 8to 9 0 8to9 0 Chiorophyll (ug/L) Velocity (m/s) Reference Velocity (m/s)
111012 0 9to 10 0 910 10 0 10to 20 25.0 — 0to 0.01 0 o 0.01 0
12t013 0 1+058 05:029 2010 30 22.5 p— 0010002 0 010002 0
13to14 0 30ht0 40 ggg — 00210005 0 020005 0
14t0 15 0 other- -0 [ 0.05t0 0.1 0 050 0.1 0
1054029 201+13 ‘\ 01to015 100 m—1 to (.15 100 |———
0151002 0 151002 0
AN 0210025 0 210 0.25 0
Ky 0251003 0 251003 0
Actual DO (mg/L) 0310035 0 310035 0
7108 50 0351004 0 351004 0
0410045 0 4to 0.45 0
8109 35.0 j——
0451005 0 4510 0.5 0
91010  45.0 pe— 0510 0.55 0 ct0 055 0
other- 5.00p HibE o
05510 0.6 0 5510 0.6 0
Jeais 01250014 01252 0014

F = = S = Macroinvertebrates (Velocity)
Macroinvertebrates (Temperature) Macroinvertebrates (DO) Macroinvertebrates (Food Quality) Macroinvertebrates (Substrate) \ Bad 0
Bad 0 Bad 0 Bad 0 [ Bad 0 Poor 0
Poor 0 Poor 0 Poor 0 Poor 0 Moderate 0
Moderate 0 Moderate 0 Moderate 0 Moderate 0 Good 20.0
Good 100m Good 0 Good 1.25 Good 10.0pm High 0.0 —
High 90.0 |———— High 100 pem—— | High 98.8 — High 90.0 — 0.86+0.099

0.88 £0.083 0+0 0.898 + 0.062 0.88 £0.083 =S
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