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Changing drivers

12 i 100
X
1 ° °-;- o 1960 - 1969
= o © 3] o 1970 - 1979
© O s 10 - 1980 - 1989
gan.;.lo o ® e o ® ® o @ 1990 - 1999
= o ® ° @ e 2000 - 2009
s & ° * R ® 2010-2019
= 2 s
c E 8 F
<~ 7 % 2.1 o
[ J
-§ (&} ® ©o @
o
6 0.01 . . . .
2008 2010 2012 2014 2016 2018 2020 2022 2024 0 20 40 60 80 100

Rain [mm day™]

TR
&

[Mellander & Jordan, STOTEN 2021



https://www.google.se/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https%3A%2F%2Fweather.yahoo.com%2F&ei=QBHmVLXuDZCp7Aby9IGoAg&bvm=bv.85970519,d.ZGU&psig=AFQjCNEvuRmlpuY6W19BCemE7VLcSIswCA&ust=1424450238591609

Agricultural Catchments Programme

15-years of sub-hourly hydro-chemometric data

Hydrological flashy
© Q5/Q95: 61 -126
BFI. 0.57 — 0.66

Groundwater-fed
O Q5/Q95: 22 — 34
BFI: 0.73 -0.82

788,000 data points
per parameter




High frequency monitoring

* High temporal resolution monitoring of hydrology and water quality
|.  Captures all (data not skewed, low/high flow)
Il. Detected subtle changes in WQ (weather shifts)
Ill.  Provides development of new analytical methods
I\V. Allows to build a process based understanding




Long-term changes 2
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Runoff induced P loss events

More intense storms increase the
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Droughts — nitrate loss
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Droughts - Point source magnification
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Phosphorus Transfer Continuum
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« Assess the influence of Climate Change

[Mellander et al., Frontiers, 2022; Discover Geoscience, 2024]

Standardized, systematic and objective method to evaluate P transfer at the catchment scale




Empirical model: P transfer and flow characteristics

TRP Mobilisation Index

TP Mobilisation Index
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Methods — Future P transfer

River discharge
4 _ ) ( scenarios
« Suite of
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[Murphy et al., Water Res Manag., 2023; Mellander et al., Frontiers, 2022; Discover Geoscience, 2024]




Future P Mobilisation

TRP Mobilisation Index

TP Mobilisation Index

Hydrologically flashy catchment
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« TP more mobile than TRP, MI are higher in GW-fed catchments
« Hydrological changes due to CC are not expected to largely influence P mobilisation processes



TRP Delivery Index

TP Delivery Index

DI are expected to increase in both catchment typologies (more in GW-fed catchments, for TP & for RCP 8.5)

Future P Delivery
Hydrologically flashy catchment

40

30 4

20 A

10 4

40

30 A

20

10 A

2020

Ballycanew

2050

RCP 4.5
RCP 8.5

2080

2010 2020

2030

2040 2050

2060

2080

2070

2090

2100

e ) @ A < / A
YV \ L e oV W\ ' ' TE

2020

2050

RCP 4.5
RCP 8.5

2080

2010 2020

2030

2040 2050

2060

2070 2080

2090

2100

TRP Delivery Index

TP Delivery Index

40

30

20

10

40

30 4

20

10

Groundwater-fed catchment

Castledockerell —l
l @
|
@ | ® ® 1
- ~ > PN v W -~ u,.\/ ®' - \ .IA
2020 2050 2080
ZOHO 2050 2050 2020 2650 20&0 20}0 2050 2050 2100
|
o |
® l¢]
i
Y i | \
) “W I D
l ‘ ’ r?Cli’4.5
2020 2050 2080>cP8s
2610 2050 2050 2640 20g0 20%0 20}0 2050 2050 2100

» More inter-annual variability expected in GW-fed catchments



Change in P mobilisation from 2020 to 2090
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« Small changes
* There was more decrease in Ml with increasing BFlI
« Larger and more variable changes occurred in RCP8.5



Change in delivery from 2020 to 2090
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« P delivery increased 7-20% (RCP 4.5) and 13-29% (RCP8.5)
Mobilised P will be more hydrologically connected (and P may be less retained within the landscape)
» cause higher P losses and larger inter-annual variability.



Methods: Future P Impact (an empirical model)

 Observed
weather

— High frequency
monitored P Impact

Climate scenarios
( RCP4.5 & RCP8.5

 Weather
criteria for P
Impact
events
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« Number of P
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[Ezzati et al., in prep]




Future P Impact
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Future Inter-seasonal rainfall
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* Increases are mostly in Winter and Spring

Rainfall decreased in summer
* Inter-seasonal changes were mostly in the far-future scenario (“period 3”)

P-value =0.05 =0.001 =0.001
Decrease 1 1
Increase [ 1

[Ezzati et al., in prep]



Effects of CC along the P transfer continuum 60,
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Considerations for mitigation strategies

« Stable, but relatively high solubilisation
* |Increased connectivity - connecting more source and mobilisation areas (in all pathways)

) Identify and manage CSAs and CMAs

i) Improve source management: precision in location and timing
i) Retain P in the catchments: chemical amendments/ LU change
IV) Intercept delivery pathways: riparian buffers, stabilise soils, ...
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Summary

Catchment complexity: critical source areas, mobilisation areas, times and pathways

Climate change will influence long-term baseline conditions and largely offset these by more
frequently occurring weather extremes

The P transfer continuum is a useful framework to assess the effects of CC

P mobilisation is expected to remain stable (high in GW-fed catchments)

Low P mobilisation risk may be overcome by increased hydrological connectivity

P delivery is expected to increase in all catchments (15%-22%) higher in hydrologically flashy
catchments, larger increases and inter-annual variability in GW-fed catchments

The number of P impact events are expected to largely increase (17%-26%)

Future mitigation strategies should identify/manage CSAs and CMAs

A new method for characterizing catchments P impact risks and quantifying underlying processes is
being developed - useful for scaling up and for understanding Water Futures.
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