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Abstract  25 

We congratulate Heal et al. (2021) for initiating an important discussion on how to broaden the 26 
scope of the Water-Energy-Food nexus. We agree that more explicit inclusion of water quality into 27 
the nexus is an important step forward. At the same time water quality is itself an indicator of e.g. 28 
ecosystem services and biodiversity, and improvement of water quality comes with a cost in terms 29 
of resource consumption that is typically not included in models studying the Water-Energy-Food 30 
nexus. We already see hesitation in using the nexus for policy development, and further complexity 31 
may be a further barrier to its practical implementation. So, while the consideration of water quality 32 
is indeed important for the nexus, it also suggests that perhaps it is necessary to consider more local 33 
contexts than striving for one global framing for analysis of the Water-Energy-Food nexus.  34 



   
 

   
 

 35 

Highlights 36 

 37 

Water quality should indeed be an integral part of Water-Energy-Food nexus analyses 38 

WEF has yet to be adopted as a framework for decision-making 39 

Focussing on implementation on macro levels may enhance uptake of nexus analyses 40 

 41 
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 43 

 44 

Introduction 45 

The paper by Heal et al. (2021) raises the important issue of the need to consider water quality more 46 
explicitly in relation to the Water-Energy-Food (WEF) nexus. We fundamentally agree with the 47 
authors that this aspect deserves more attention, for two key reasons: the various implications that 48 
the nexus has for water quality (and vice versa), and the fact that most nexus studies nevertheless 49 
consider water quantity alone. This is the situation even though the WEF concept was originally 50 
conceived as encompassing water quality as well (Hoff, 2011).  51 

There may, however, be a potential pitfall in the sense that many scientists as well as practitioners 52 
easily claim that their domain is particularly important to any problem definition, leading to an 53 
increasing number of themes to be considered. Essentially this may overly complicate planning and 54 
decision-making, and in the end, such an all-encompassing policy is likely to become non-55 
implementable. In this regard, we note similar considerations on potential nexus extensions on 56 
other important themes such as ecosystems (De Strasser et al., 2016), soils (Lal et al., 2017), forests 57 
(Melo et al., 2020) and livelihoods (Biggs et al., 2015), as well as broader aspects related to e.g. 58 
politics (Allouche et al., 2015) and decision making (Gallagher et al., 2020).  59 

These contributions show that the WEF nexus is gaining momentum as a much-needed framework 60 
for balancing three major interlinked resources for human prosperity. However, the continuous 61 
debate around the scope of the nexus is also a reminder about its potential limitations and suggests 62 
that the framework has not yet matured to a level where it is ready to be adopted as a standardized 63 
framework. In this context we agree with Heal et al. (2021) that water quality should be regarded as 64 
a fundamental component of the WEF nexus, inseparable from water quantity. 65 

Below we touch upon a few points that we believe are highly relevant to include for better framing 66 
and making operational water quality in the context of WEF. We suggest that these points should be 67 
considered in the further development of the WEF Nexus framework – in particular when including 68 
water quality, but also in its original framing. 69 

 70 

Modelling concepts of the WEF nexus with and without water quality 71 



   
 

   
 

Heal et al. (2021) discuss existing WEF models under the implicit assumption that they agree on 72 
most of the concepts in their modelling approach. However, this may not be the case. Payet-Burin 73 
(2021) compares eight recent WEF models published and maintained by different institutions. While 74 
they all aim to provide input to policy development, none of the models agree on any of the 13 75 
components on which he compares the models (e.g. data sources, sub-models, time step and 76 
calibration). The only proxy for water quality was that some of the models considered requirements 77 
for minimum water quantity flows, indirectly proving the point by Heal et al. (2021). Hence the 78 
implementation may be jeopardized simply because the concepts of existing WEF models differ 79 
substantially. 80 

Similarly, there is a wide diversity of ways on how water quality is – and could be – considered as a 81 
part of the WEF nexus. The organization across an array of scales and with regards to their relevance 82 
in bi-directional relations between the three components of the nexus suggested by Heal et al. 83 
(2021) helps unifying the approaches for implementation. They condense this information in their 84 
Fig. 1 and continue with a reflection of future priorities for better inclusion of water quality in WEF. 85 
This is highly appreciated, and we also maintain that certain focusing and categorization is vital to 86 
help concentrate on the essentials of water quality.  87 

As an example, when agriculture (for food or energy production) is in question, four types of water 88 
quality seem particularly relevant to consider. The first type is elevated leaching of nutrients, 89 
primarily nitrogen and phosphorus, and their impact on biological production, leading usually to 90 
eutrophication. Second, and partly related, is enhanced erosion and the subsequent changes in 91 
sediment (suspended solids and nutrient) content of a waterbody. Third, in arid areas, increased 92 
salinity is a typical issue. Fourth, the leaching of anthropogenic chemicals, e.g. pesticides and other 93 
chemical and biological compounds, the latter particularly when livestock, aquaculture or 94 
wastewater irrigation is in question, but could also include contaminated sites in mixed land-use 95 
catchments. Depending on the context, it may be relevant to model some or all of these interactions 96 
in an enhanced WEF framework including water quality. 97 

 98 

Water quality as a surrogate for ecosystem services, biodiversity, and sustainability  99 

Heal et al. (2021) mention numerous examples where water quality is key to ensuring that the 100 
objectives for energy and food can be met. The authors also clearly demonstrate that focusing on 101 
water quantity will not be sufficient to meet the water objectives within WEF; consequently, in many 102 
cases, water quality will need to become an integral part of WEF nexus analyses. We agree with the 103 
statement by the authors, but note that the presented water quality examples come solely from an 104 
ecosystem-services (ESS) perspective, triggered possibly by the human-centric nature of the WEF 105 
framework. This focus on setting standards based on impact of human needs may lead to a lack of 106 
awareness of the equally important aspect of ensuring healthy ecosystems. 107 

Moreover, it has become clear that improvements in ESS and human health are intrinsically linked to 108 
improved biodiversity, through recognizing the connectivity among the social, ecological and 109 
technical domains (McPhearson et al., 2021) of the WEF nexus. For example, increased stream 110 
temperature, stemming from e.g. wastewater releases, may impact fish populations. The ESS under 111 
consideration here could be both in terms of food, related to fish survival, as well as other services 112 
related to e.g. recreation (fishing) and improving human well-being. Recognition of these types of 113 
competing needs is critical, where improvements to and inclusion of water quality in action plans is 114 
now seen in fact as critical for ensuring a sustainable transformation in line with the UN Sustainable 115 
Development Goals (SDG) (Tickner et al., 2020). 116 



   
 

   
 

The concerns about anthropogenic pressures to the environment, such as climate change, land-use 117 
change and urbanization, have triggered new regulations including the need for sound 118 
ecotoxicological risk assessment approaches (Artigas et al., 2012). However, they still seem to fail to 119 
properly account for the presence of chemical pollution (e.g. Posthuma et al., 2020) also within a 120 
multiple stressor context (e.g. Birk et al., 2020). This is evident, also based on the numerous cases 121 
illustrated by Heal et al. (2021), where water quality can be seen as the dominant issue at stake, 122 
depending on the local and regional context as well as the relevant spatio-temporal scale. Examples 123 
in the paper range from simple indicators such as water temperature and salinity to the many 124 
hundreds of compounds emitted from urban areas in highly varying concentrations. Although 125 
progress is being made in quantifying chemical impacts from urban sources (e.g. Brudler et al., 126 
2019), the lack of a priori knowledge of which compounds to focus on remains a key concern. 127 
Moreover, the combined impacts of the many compounds are simply largely unknown and/or not 128 
captured by the traditional ecological indicators currently in use (Sonne et al., 2018). Even for 129 
compounds where the impacts may be known, our inability to quantify the underlying forces (causal 130 
relationships) prevents us from defining actions with confidence. As such, the inclusion of water 131 
quality seems to partly reframe the WEF concept from the narrower focus of providing basic human 132 
needs in an optimal manner to the broader aspects related to the concepts not only of ESS, but also 133 
that of both aquatic and terrestrial ecosystem health and more generally, the three pillars of 134 
sustainability.  135 

Heal et al. (2021) explicitly state that we have entered the era of the Anthropocene. In line with this 136 
thought it is important to also consider the concept of planetary boundaries explicitly when 137 
considering water quality, since both biochemical flows and biosphere integrity is related to water 138 
quality (Steffen et al., 2015). While the human needs addressed in the WEF nexus require a 139 
consideration of more generic resource use and allocation, the concept of planetary boundaries –140 
with its emphasis on long-term sustainability and Earth System balance– reminds us that current 141 
considerations of the WEF nexus framework are usually too human-centric. In the Anthropocene, an 142 
objective function that only considers human needs up to decadal scales will not be sufficiently 143 
broad (e.g. McPhearson et al., 2021).  144 

 145 

WEF has yet to be adopted as a framework for decision-making  146 

While the UN and several other actors recognize the WEF nexus as a key concern (Cudennec et al. 147 
(2018); ICSU (2017); UN, 2021), the WEF nexus lacks the officially recognised status that has been 148 
achieved by, for example, the SDGs and Integrated Water Resources Management (IWRM) 149 
framework. The three sectors of the WEF are mentioned as a separate goal in the SDGs, each with 150 
their own sector-specific, and potentially conflicting targets. It is therefore clear that successful SDG 151 
implementation will require nexus thinking that considers the linkages and interactions between 152 
energy, food and water.  153 

As such, this point implicitly raises the issue of how to solve conflicts between the different SDG 154 
targets. For us this also emphasises the importance of nexus thinking to complement sector-specific 155 
SDG targets. Based on our work, we see three challenges in SDG implementation being particularly 156 
important when considering WEF and water quality: 1) the diversity of local contexts, 2) overlapping 157 
scales of implementation, and 3) the problems of defining more comprehensive, cross-sectoral 158 
targets. Hence it may be an advantage to consider each of the goals separately and consider the 159 
relevant spatio-temporal scale of this goal. Doing this for the entire set of goals, including a similar 160 
mapping for the spatio-temporal scale of impacts from specific actions, will enable an overview of 161 



   
 

   
 

the possibility for defining a suitable set of common spatio-temporal boundary conditions rather 162 
than assuming that a fixed concept is relevant for a broad spectrum of analyses. We see this 163 
approach being quite nicely aligned to the “hotspot thinking” discussed in Heal et al. (2021).  164 

The WEF nexus thus seems to be most relevant in macro-level policy settings in which water, food 165 
and energy concerns (and not so much other sectors) need to be synchronized in terms of their 166 
primary resource usage. This is in line with the observations of Heal et al. (2021); their Figure 1 167 
indicates that, although the WEF nexus has been adopted through a wide range of scales, a majority 168 
of cases appear in scales such as “city/aquifer/drainage basin,” “region/nation” and 169 
“transboundary”. The scale issue is also highly relevant when considering water quality, and hence 170 
we see the contribution by Heal et al. (2021) as an enabler with respect to ensuring a broader and 171 
comprehensive utilisation of WEF tools. Another possibility to enhance the uptake and relevance of 172 
the WEF nexus is to make use of indicator-based approaches with clear linkages between WEF nexus 173 
and the SDGs (Giupponi and Gain, 2017). Regardless, we must recognize that decision-making trends 174 
within WEF (or other frameworks) that are focused on solving specific issues may in fact neglect the 175 
overarching challenges (which require holistic, integrative approaches to ensure partial responses 176 
are avoided). 177 

 178 

Focusing on windows of opportunity for sustainable change 179 

The last point of discussion we wish to raise goes to the policy imperative for sustainable 180 
development and its linkages with WEF nexus and water quality. Building on the views provided by 181 
Heal et al. (2021), we want to expand upon why the uptake seems to be slow – both in terms of the 182 
WEF nexus approach in general, and the lack of awareness and/or action of water quality issues in 183 
particular. The concerns raised by Heal et al. (2021) should indeed make a strong case for action, and 184 
we agree that insufficient consideration of water quality is in itself a massive issue in the era of the 185 
Anthropocene. But how best to enhance the consideration of both water quality and the WEF nexus 186 
in the policy arenas, as well as in practice?  187 

Our recommendation is to recognise and make better use of the relevant windows of opportunities 188 
to both raise the awareness on and push forward the topic of water quality and the WEF nexus in a 189 
consistent and forward-looking manner (see also Varis et al., 2014). Such windows of opportunities 190 
exist in relation to both general policy frameworks and different sector-specific policies related to 191 
e.g. energy, food and the environment – but they are often open for a limited time only, typically 192 
when specific policies or targets are set or revised. 193 

We highlight two examples to further illustrate this point. At the global level, the increasing 194 
recognition of the complex linkages between the SDG targets is likely to enhance the recognition of 195 
nexus-thinking in the SDG implementation – including the consideration of water quality, given it is 196 
explicitly recognised as one of the targets under SDG6. This is important, given that the major 197 
challenge of the SDG framework is that its focus on separate sectoral targets may not address the 198 
variety of conflicts that exist between the targets. Water could be one of the crosscutters that help 199 
to both articulate and bridge the connections between the SDG targets, facilitating more systemic 200 
approaches (Taka et al. 2021).  201 

At a more regional scale, in Europe, the EU’s Water Framework Directive sets good water quality as 202 
one of the main aims for water management, with the European Green Deal and the recent 203 
agreement on a new Common Agricultural Policy emphasising cross-sectoral linkages and 204 
environmental aspects related to energy and food production. Finally, remembering the inherent 205 



   
 

   
 

interconnection between human well-being and biodiversity, action plans as suggested by Tickner et 206 
al. (2020) must ensure that both aspects of the Water component are addressed simultaneously. 207 
This implies that both quantity and quality issues must be considered holistically – and ideally within 208 
such windows of opportunity when they arise – to ensure any trade-offs ultimately taken will not 209 
undermine the underlying goal of strengthening our adaptive capacity and resilience. 210 

 211 

Conclusion 212 

We see integrative thinking and sectoral coordination as fundamentally important when striving 213 
towards sustainable development through more comprehensive and inclusive policy-making and 214 
adjacent scientific and technical activities. The WEF nexus is an approach that attempts to tie three 215 
important sectors more closely together and identify win-win-win solutions among them. As such, 216 
Heal et al. (2021) address an important shortcoming in the contemporary way to adopt the WEF 217 
nexus, namely that water quality is far too rarely included in WEF studies. We thus see the 218 
intervention of Heal et al. (2021) as a highly relevant and important one and are principally in accord 219 
with their statements. 220 

The breadth of recent papers on WEF clearly indicates that the discussion on how to frame the WEF 221 
nexus varies depending on the context in which it is considered. It may be seen as a sign that a clear 222 
framework will evolve, but could also be seen as an indicator that regional and local differences are 223 
too significant to be ignored. In the majority of these papers, inclusion of water quality in the 224 
evaluation of the WEF nexus is likely to improve the analysis. This will both emphasise that water 225 
quality considerations are a key aspect to include to ensure that the assumed synergies between the 226 
water, energy and food sectors can be met, but also that the linkages between water quality, 227 
biodiversity and pollution management must be typically considered simultaneously. This kind of 228 
integrative thinking is important, and it should include also the consideration of broader societal 229 
structures and power relations related to the use of natural resources (e.g. Allouche et al. 2015). 230 

We have yet to identify the right balance between the positive aspects of solving domain-specific 231 
problems within the domain, and the negative aspects of ignoring the boundaries of the problem 232 
that only transdisciplinary approaches can solve. As such, we expect the discussions on the framing 233 
of the WEF nexus to continue for a while - just like the important discussion on whether to focus on 234 
human-centric or planetary boundaries for the transdisciplinary work that is needed to solve the 235 
problems of the Anthropocene.  236 

 237 

References 238 

Allouche, J., Middleton, C. & Gyawali, D. 2015. Technical Veil, Hidden Politics: Interrogating the 239 
Power Linkages behind the Nexus. Water Alternatives 8(1): 610–626. 240 

Artigas, J.,  Arts, G., Babut, M., Caracciolo, A. B., Charles, S., Chaumot, A., et al. 2012. Towards a 241 
renewed research agenda in ecotoxicology, Environmental Pollution, 160, 2012, 201-206, 242 
https://doi.org/10.1016/j.envpol.2011.08.011. 243 

Biggs, E. M., Bruce, E., Boruff, B., Duncan, J. M. A., Horsley, J., Pauli, N., McNeill, K., Neef, A., Ogtrop, 244 
F. V., Curnow, J., Haworth, B., Duce, S., Imanari, Y. 2015. Sustainable development and the 245 
water–energy–food nexus: A perspective on livelihoods. Environmental Science & Policy, 54, 246 
389-397. https://doi.org/10.1016/j.envsci.2015.08.002. 247 



   
 

   
 

Birk, S., Chapman, D., Carvalho, L. et al. Impacts of multiple stressors on freshwater biota across 248 
spatial scales and ecosystems. Nat Ecol Evol 4, 1060–1068 (2020). 249 
https://doi.org/10.1038/s41559-020-1216-4 250 

Brudler, S., Rygaard, M., Arnbjerg-Nielsen, K., Hauschild, M. Z., Ammitsøe, C., Vezzaro, L. 2019. 251 
Pollution levels of stormwater discharges and resulting environmental impacts. Science of 252 
the Total Environment, 663, 01 May, 754-763.  DOI: 10.1016/j.scitotenv.2019.01.388 253 

Cudennec, C., et al., 2018. Epistemological dimensions of the water–energy–food nexus approach: 254 
reply to discussions of “Challenges in operationalizing the water–energy–food nexus.” 255 
Hydrological Sciences Journal, 63 (12), 1868–1871. doi:10.1080/02626667.2018.1545097 256 

De Strasser, L., Lipponen, A., Howells, M., Stec, S. & Bréthaut, C. 2016. A Methodology to Assess the 257 
Water Energy Food Ecosystems Nexus in Transboundary River Basins. Water 8(2): 59. 258 
https://doi.org/10.3390/w8020059  259 

Gallagher, L., B. Kopainsky, A. M. Bassi, A. Betancourt, C. Bun, P. Chan, S. Costanzo, S. St. George 260 
Freeman, C. Horm, S. Khim, M. Neang, N. Rin, K. Sereyrotha, K. Sok, C. Sovann, M. Thieme, K. 261 
Watkins, C. A. Wyborn, and C. Bréthaut. 2020. Supporting stakeholders to anticipate and 262 
respond to risks in a Mekong River water-energy-food nexus. Ecology and Society 25(4):29. 263 
https://doi.org/10.5751/ES-11919-250429 264 

Giupponi, C., Gain, A.K. 2017. Integrated spatial assessment of the water, energy and food 265 
dimensions of the Sustainable Development Goals. Reg Environ Change 17, 1881–1893. 266 
https://doi-org.proxy.findit.dtu.dk/10.1007/s10113-016-0998-z 267 

Heal, K.V., A. Bartosova, M. R. Hipsey, X. Chen, W. Buytaert, H.-Y. Li, S. J. McGrane, A. B. Guptai & C. 268 
Cudenne. 2021. Water quality: the missing dimension of water in the water–energy–food 269 
nexus. Hydrological Sciences Journal, Early Online.  270 
https://doi.org/10.1080/02626667.2020.1859114 271 

Hoff, H. 2011. Understanding the Nexus; Background Paper for the Bonn 2011 Conference: The 272 
Water, Energy and Food Security Nexus; Stockholm Environment Institute: Stockholm, 273 
Sweden. 274 

ICSU, 2017. A Guide to SDG Interactions: from Science to Implementation. Griggs, D.J. Nilsson, M., 275 
Stevance, A., and McCollum, D. (eds.). Paris: International Council for Science. 276 

Lal, R., Mohtar, R.H., Assi, A.T. et al. Soil as a Basic Nexus Tool: Soils at the Center of the Food–277 
Energy–Water Nexus. Curr Sustainable Renewable Energy Rep 4, 117–129 (2017). 278 
https://doi.org/10.1007/s40518-017-0082-4 279 

McPhearson, T., M. Raymond, C., Gulsrud, N., Albert, C., Coles, N., Fagerholm, N., Nagatsu, M., 280 
Olafsson, A.S., Soininen, N., & Vierikko, K. 2021. Radical changes are needed for 281 
transformations to a good Anthropocene. npj Urban Sustain 1, 5. 282 
https://doi.org/10.1038/s42949-021-00017-x 283 

Melo, F.P.L., Parry, L., Brancalion, P.H.S., Pinto, S. R. R., Freitas, J., Manhães, A. P., Meli, P., Ganade, 284 
G., & Chazdon, R.L. 2021. Adding forests to the water–energy–food nexus. Nat Sustain 4, 85–285 
92. https://doi.org/10.1038/s41893-020-00608-z 286 

Payet-Burin, R (2021). Supporting water infrastructure investment planning within the water-energy-287 
food nexus. PhD-thesis. Technical University of Denmark, Lyngby. Downloaded 01 August 288 

https://doi.org/10.3390/w8020059
https://doi.org/10.1038/s42949-021-00017-x


   
 

   
 

2021 from 289 
https://backend.orbit.dtu.dk/ws/portalfiles/portal/244935051/Thesis_online_version_Raph290 
ael_Payet_Burin.pdf 291 

Posthuma, L., Zijp, M.C., De Zwart, D. et al. Chemical pollution imposes limitations to the ecological 292 
status of European surface waters. Sci Rep 10, 14825 (2020). 293 
https://doi.org/10.1038/s41598-020-71537-2 294 

Sonne, A. Th., Rasmussen, J. J., Höss, S., Traunspurger, W., Bjerg, P.L., & McKnight, U. S. 2018. Linking 295 
ecological health to co-occurring organic and inorganic chemical stressors in a groundwater-296 
fed stream system, Science of The Total Environment, 642, 1153-1162, 297 
https://doi.org/10.1016/j.scitotenv.2018.06.119. 298 

Steffen, W., Richardson, K., Rockström, J., Cornell, S.E., Fetzer, I., Bennett, E.M., Biggs, R., Carpenter, 299 
S.R., de Vries, W., de Wit, C.A., Folke, C., Gerten, D., Heinke, J., Mace, G.M., Persson, L.M., 300 
Ramanathan, V., Reyers, B., Sörlin, S., 2015. Planetary boundaries: Guiding human 301 
development on a changing planet. Science (80-. ). 347, 1259855. 302 
https://doi.org/10.1126/science.aaa/science.1259855 303 

Taka, M., Ahopelto, L., Fallon, A., Heino, M., Kallio, M., Kinnunen, P., Niva, V., Varis, O. 2021. The 304 
potential of water security in leveraging Agenda 2030. One Earth, 4, 2, 258-268. DOI: 305 
10.1016/j.oneear.2021.01.007. 306 

Tickner, D., Opperman, J.J., Abell, R., Acreman, M., Arthington, A.H., Bunn, S.E. et al. 2020. Bending 307 
the Curve of Global Freshwater Biodiversity Loss: An Emergency Recovery Plan, BioScience, 308 
70, 4, 330–342. https://doi.org/10.1093/biosci/biaa002 309 

UN. 2021. Water, Food, and Energy. Downloaded 18. April 2021 from 310 
https://www.unwater.org/water-facts/water-food-and-energy/ 311 

Varis, O., Enckell, K., & Keskinen. M. 2014. Integrated water resources management: horizontal and 312 
vertical explorations and the ‘water in all policies’ approach. International Journal of Water 313 
Resources Development, 30:3, 433-444, DOI:10.1080/07900627.2014.912130 314 

 315 

https://backend.orbit.dtu.dk/ws/portalfiles/portal/244935051/Thesis_online_version_Raphael_Payet_Burin.pdf
https://backend.orbit.dtu.dk/ws/portalfiles/portal/244935051/Thesis_online_version_Raphael_Payet_Burin.pdf
https://doi.org/10.1016/j.scitotenv.2018.06.119
https://doi.org/10.1126/science.aaa/science.1259855
https://www.unwater.org/water-facts/water-food-and-energy/

