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Community building and our highlights (selected)

Editorial overview: Water quality: A new challenge for

global scale model development and application 2020-2025

—

—

Nynke Hofstra, Carolien Kroeze, Martina Flérke, Michelle T.H. van Vliet
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Webinar series

Water quiarliityiiinia changing _
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. Water qual ty status U une 28
Perspectives on lakes and surface waters
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New ISIMIP Water Quality Sector
O 10 workshops (hybrid)
O 4 webinars (online)
O At least 5 update meetings (online)
O Two papers (published)
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Discover Water

2020-2025
—

O New ISIMIP Water Quality Sector
O 10 workshops (hybrid)

O 4 webinars (online)

O At least 5 update meetings (online)
O Two papers (published)

O Special Issue

Editorial overview: Water quality: A new challenge for
global scale model development and application
" fchell TH. va
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Special issue — Fast Track

IoPscience Q. Journals ¥  Books  Publishing Support @ Login ¥

" Environmental Research
Letter (ERL) & Focus on Model Intercomparisons of Water Quality Under Global Change

. e
Environmental Research "
Water (ERW) Guest Editors

Martina Flérke, Ruhr-Universitdt Bochum, Germany
Nynke Hofstra, Wageningen University, Netherlands

= At | ea St 1 O | a rg e = Sca Ie Rohini Kumar, Helmholtz Centre for Environmental Research (UFZ), Germany

Maryna Strokal, Wageningen University, Netherlands
m O d e | S Michelle T. H. van Vliet, Utrecht University, Netherlands

" At least 10 papers Scope

. . Water quality is under threat in many places on Earth due to climate change and
(S u b m Itted O r I n p re p) extremes (e.g., droughts, floods) that are integrated with socio-economic

developments (e.g., agriculture, urbanization). Water quality models have been

u La rg e | y ISI M I P 2 developed and combine our knowledge and data to estimate water pollution, its

sources, and impacts of a wide range of pollutants such as salinity, nutrients,

salinity, pathogens, plastics, and chemicals. These models are diverse in their

Photo by Bernd wa Dittrich on Unsplash

temporal and spatial representation and their modelling approaches. Such

miicrsity offers a great opportunity to compare model results to identify robust pollution hotspots, their sources and explore
WAGENINGEN <)

ds under global change across multiple pollutants, scales, scenarios, and sectors.
UNIVERSITY & RESEARCH
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Advancing water quality model intercomparisons under
global change:
Perspectives from the new ISIMIP water quality sector

Maryna Strokal, Rohini Kumar, Mirjam P. Bak, Edward R. Jones, Arthur H.W. Beusen, Martina Fldrke,
Bruna Grizzetti, Albert Nkwasa, Katrin Schweden, Aslihan Ural-Janssen, Ann van Griensven, Olga Vigiak,
Michelle T.H. van Vliet, Mengru Wang, Inge de Graaf, Hans H. Dlrr, Simon N. Gosling, Nynke Hofstra,
Maria Theresa Nakkazi, Issoufou Ouedraogo, Robert Reinecke, Vita Strokal, Keerthana Suresh, Ting Tang,

Floris S.R. Teuling, Ammanuel B. Tilahun, Tineke A. Troost, Dianneke van Wijk, Ilaria Micella

From left to right
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Water quality and cross-sectoral linkages

Human
health

“ wWQ-MIP:
& *&Bmldmg the water

quality community

| ' Sector

Impact on Water
/2,5..._3,..., : Quality

4

Fisheries &
aquaculture

-=7777 A Impact of Water
Quality

DO: dissolved oxygen

BOD: biological oxygen

WAGENINGEN demand

UNIVERSITY & RESEARCH
WT: water temperature



/ Large-scale water quality models
O Water quality constituents

DynQual IMAGE-GNM mQM GREEN SWAT+
(ternper Silimy Sty B (phosphorus nitrogen) (nitrogen)  (nitrogen, phosphorus) (nitrogen,
-w' ’ - phOSPhONJS)
o Y b ﬁ = ’ﬁ‘
%‘ U -d . Nltrog? 4 6. sl :
AT RN

MARINA-Multi
(mtrogen phosphorus plast.rcs
ﬁ‘iﬂosan dlclofenac)

MARINA-Nutrients

Models differ

o Annual, monthly .

o Gridded, basin, and sub-basin
o Water quality constituents

o Model input data

%




Four objectives for model
intercomparisons of water
quality (WQ-MIPs)

Objective 1: pollution levels & their processes

(uncertainties)

Objective 2: hotspots & their sources (priority areas)

Objective 3: pollution impacts (priority sectors)

Objective 4: strategy effects (uncertainties)
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impacts
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Three examples
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(1) Agreement on pollution levels among models

IMAGE-GNM vs mQM IMAGE-GNM vs SWAT+
e | o i " Europe: of the

{ao critical areas will exceed

, the 2.5 mg/L threshold in
2050
son | " = Africa: of rivers will

- exceed the critical
threshold of 2.5 mg/L in
2050

10°W 0° 10°E 20°E 30°E 20°W 0° 20°E 40°E
Threshold exceeded (TN 2 2.5 mg/L)
. Threshold not exceeded (TN < 2.5 mg/L)

. Two models agree

IMAGE-GNM: Beusen et al., (2022)

WAGENINGEN . .

biin ale alinaten, MQM: Kumar et al., (2020); Nguyen et al., (2022) 7
SWAT+: Nkwasa et al., (2024)



(2) Agreement on trends among pollutants & GCMs

3 pollutants from MARINA-Multi model 5 GCMS

Nitrogen

Changes in river exports
of pollutants from 2010
to 2050 (%)

III >20 |
|:| 01020 ncrease
| o

E e } Decrease
>-20

GFDL

Macroplastics Diclofenac 1

2 HADGEM
3 IPSL
4

5

MIROC
NORESM

Agreement on changes among 5 GCMs:

® Around 40% agreement on decreases in
nitrogen and diclofenac

" Around 80% agreement on increases in

macroplastics
Micella et al., (2024)
18
Bak, Micella et al (submitted) ERL




(3) Agreement on trends and potential impact

DynQual model

(a) Future water quality trends (b) Potential impacts on sectors

Impact of
water quality

I: 1 Organic pollution -> | oxygen -> 1 fish kills

Il: 1 Salinity -> crop damage

Ill: 1 Pathogens -> diarrhea via swimming in polluted water

robust decrease robust increase Jones et al., (2024) IV: 1 Pathogens -> diarrhea via drinking of polluted water

3 GCMs agree 3 GCMs agree . V: 1 Organic pollution -> | oxygen -> |fish stock for aquaculture
Bak, Micella et al., VI: Warmer temperature -> not suitable for cooling purposes

[ 4GCMsagree [ 4 GCMs agree I Not robust
\ Bl 5GCMsagree [l 5 GCMs agree NA (submitted, ERy \ /

Robustness of (concentration-based) water quality trends between 2010 and 2050:




Reflection

" [SIMIP2 (many models) vs ISIMIP3 (few models) climate forcing
" Internal consistency in scenario constructions (SSP5-RCPS8.5...)
" Internal consistency in hydrological forcings

WAGENINGEN
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Next WQ-MIPs: support IPCC assessments

® Special issue: a lot to learn and support IPCC
" Wish list using ISIMIP3 forcings:
e Climate change attributions: low effort
® existing runs
® e.g., water temperature
e Water scarcity & risk assessments: moderate effort
e Existing & new runs

® non-agricultural pollutants such as emerging pollutants, plastics,
and pathogens, driven by socioeconomic and urbanization drivers

e Cross-sectoral assessments: high efforts
® New runs (including small-scale models)
e agricultural pollutants such as N and P
e Data is not yet fully available (the largest challenge)



Thank you
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