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Abstract: Arjen Hoekstra postulated in 2001 that the value of water accumulates in an upstream
direction: water value flows upstream. The ultimate source of this value is the rain. This original idea
he used to develop the water value-flow concept. This article shows that the water value-flow concept
has much to offer in terms of contemporary challenges. It is fully consistent with the "Five Bellagio
Principles on Valuing Water" that the High Level Panel of Water published in 2017, and can make
significant contributions to the first four principles. This article also shows that the concept can make
many more contributions, including incorporating precipitationsheds, and thus include the source
areas of rainfall in valuing water. Yet, until now, this innovative and potentially ground breaking
concept has been largely ignored by researchers and practitioners in the fields of water resources
management and economics. We conclude that the value-flow concept is a unique and promising
framework for the integrated assessment of the value of water within a water resources system or
river basin. We suggest that the concept can be enriched by incorporating instream benefits, water
quality, as well as social, cultural, and spiritual values. We also suggest to test whether the concept can
be usefully applied, and add value, to the emerging fields of socio-hydrology and water accounting.
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1. Introduction

Here, consistent with the work of Arjen Hoekstra, it is postulated that the value of water
accumulates in an upstream direction: water value flows upstream. The ultimate source of this
value is the rain. However, how can value be attributed to rainfall? The value of water has
during the last few years received increasing attention, mainly through the work of the High
Level Panel of Water, which published in 2017 the "Five Bellagio Principles on Valuing Water"
(see https://sustainabledevelopment.un.org/content/documents/15591Bellagio_principles_on_valuing_
water_final_version_in_word.pdf; last visited 31 May 2020). These principles suggest that if
policy-makers and society at large are aware of the multiple values of water, including the non-economic
values such as spiritual, ecological, and social values, better decisions will be made.

As the concept of “value” has multiple meanings [1,2], first we clarify that in this paper we refer
to the economic value, including those environmental values that can be quantified. These are thus
“assigned values”, values that individuals attach to specific physical goods, activities, or services [1,2].

Because virtually all human and ecosystem activities rely on the availability of water and because
no economic activity is possible without it, it was internationally agreed during the International
Conference on Water and Sustainable Development (held in Dublin in 1992) that water should be
considered as an economic good. Since then, “Water as an Economic Good” became one of the most
cited Dublin Principles. However, ever since the concept was launched, there has been confusion
about what "water as an economic good" actually meant. Some interpreted it purely in financial and
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monetary terms, while others insisted that it essentially implies that decisions should be made on the
basis of comprehensive weighing of societal costs and benefits [3,4]. The latter interpretation implies
that economic decisions should be made on the basis of integrated valuation of water.

However, valuing water is not straightforward [5], not only due to water’s physical, political,
and economic characteristics [6], but also because of the difficulty or even impossibility to commensurate
these different value dimensions into one metric [7,8]. However, there are other complicating aspects.
One is that water is vital, finite, fugitive, and irreplaceable at the same time, but also because water use
is part of a complex water resources system [9]. Moreover, water is both an economic and a public
good as well as a common pool resource [4]. We do not know of any other good with this unique
combination of features.

A further complicating aspect is that the hydrology of water creates upstream–downstream
interdependencies between users, leading to what has been called water asymmetry: downstream
water users often depend on what upstream users do, whereas most of the time upstream users are not
or little impacted by what downstream users do, at least within the water realm [10]. This makes it
necessary to take the water cycle into account when valuing it.

It has been argued that knowing the precise value—or values—of water may not be such a critical
issue; but, rather that the process of valuing water should offer a structured and transparent mechanism
to engage different stakeholders, who may value water differently [11]. Others insist that innovation in
valuing water is, however, necessary [6]. Garrick and collaborators point at typical existing economic
techniques that need to be improved, as well as the need to combine economic with cultural valuation
techniques [6].

With Hoekstra, we would argue that what is certainly needed is to conceptualize the value of
water in direct connection to the water cycle and the water resources system. Arjen Hoekstra was
a pioneer in efforts to achieve this. Twenty years ago he introduced the value-flow concept [12–15],
in the early days of integrated water resources management (IWRM) research. However, current water
economics scholarship has ignored this concept, and not even criticized it.

This paper aims to revive the value-flow concept, by briefly reviewing it (Section 2), expanding it
to include precipitationsheds (Section 3), considering its potential contribution to the new fields of
socio-hydrology and water accounting (Section 4), exploring possible applications to contemporary
water challenges (Section 5), and finally, as a way of conclusion, formulating some directions for future
research (Section 6).

2. The Water Value-Flow Concept: Water Values Flow Upstream

In 2000, Arjen Hoekstra and his students became interested in the question how the value of water,
as it is used in a particular place, is connected to the catchment that generated the water. Until then,
the value of water was always considered merely in relation to the direct use of the water, but not
to the system that produced it. As a hydrologist, one is used to considering a water system as an
undividable unit where all components of the system are interconnected, consisting of several sources,
stocks, and flows. Before the concept of IWRM became common practice, considering such sources in
isolation had led to serious mistakes, where for instance a river dried up as a result of groundwater
extractions or afforestation in its drainage basin. Not considering the hydrological connection between
different water uses in relation to the water available in the entire system is a serious flaw in water
resources management. The river basin is the natural system boundary for water systems, since all the
water in a basin stems from the rain (or more correctly the precipitation) falling within its boundaries.
Hence, the precipitation is the source of all the benefits accrued from the water. These benefits represent
a value of the water. Ultimately the accumulation of all these values should be attributed to the
rain. This, however, leads to a paradox, because most people would say that the rain is for free,
and something that is for free has no value; however, all benefits obtained from using water within a
catchment are derived from that same rainfall. Does the most valuable resource, the rain, have no
value? (“Nothing is more useful than water; but it will purchase scarce anything; scarce anything
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can be had in exchange for it.” (Adam Smith, 1776: 33; cited in [16])) This paradox stems from the
mismatch between finance and economics. Finance is about what something costs or what one pays for
it, but economics is about values and how to account for values in decision making. Another element
of the paradox is that it is believed that rainfall is a given thing, either by god or by nature, and that
humans cannot influence it. The latter is not entirely true, but that will be discussed later. However,
if we agree that rainfall has value (without it almost no human or biological activity would be possible
within a river basin), how can this value be established?

This fundamental question inspired Arjen Hoekstra and his group to start a report series (the Value
of Water Research Report Series) (See https://waterfootprint.org/en/resources/publications/value-water-
research-report-series-unesco-ihe; last visited on 31 May 2020; note that the first 10 publications can be
found in the IHE Delft repository (https://ihedelftrepository.contentdm.oclc.org/), except #1 and #6,
which could not be located) at IHE Delft, where he was then a lecturer. The first formal publication
stemming from this initiative was published in 2001 as “An integrated approach towards assessing the
value of water: A case study on the Zambezi basin” by Hoekstra and collaborators [13], in a relatively
new journal Integrated Assessment. This first paper, that applied the theory of “Water Value-Flows”
to the Zambezi river basin, postulated that the value of water in a river system accumulates in the
upstream direction. It distinguished between the direct value of the water (DV), which is attributed
locally by a user, and the indirect value (IV) coming from its downstream uses, and that is transferred
upstream. The full value (FV) traveling upstream is the sum of the direct value of the local user plus
the indirect value that the water already had accumulated from downstream uses. Building on that
idea, they calculated the accumulated value of all the water uses in the Zambezi basin, and calculated
the value of the rain falling over the basin.

More than 10 years later, Tilmant and collaborators [17] published an article on the water value
in the Zambezi basin adopting a methodology that differed from the water value-flow concept as
in [13]. Surprisingly, they came to the same conclusion that the value of water in the basin increases in
the upstream direction (Figure 1). However, their findings also differed in detail from those of [13],
which may be partly explained by that Tilmant et al. only considered blue water (i.e., water in rivers,
lakes, and reservoirs), whereas Hoekstra et al. included green water (i.e., rainfall water that is used
directly by ecosystems and rainfed agriculture for biomass production) in their analysis (see also
Section 5.1 below).
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Whereas this paper [13] was a first postulation of the concept with an initial sketch of how it could
be applied to a particular river basin, it raised pertinent questions, “What is the value of rainwater,
how does the value of river water increase if we move from downstream to upstream, what is the
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value of a return flow, and what are the opportunity costs if we withdraw water from a location for a
particular use?” Until that time such questions had not been asked nor conceptualized consistently in
a quantitative manner. They also formulated follow-up questions, “How to deal with the value of
water used by ecosystems? How to value pollution as a disbenefit? How to value flood hazard or
flood protection?”

One important issue was how to account for the temporal dynamics. The 2001 paper merely
used annual average flows, but water resources and water demands are not constant over time.
They fluctuate within the year and between years. Obviously water has a higher value during drought
and a lower value, or even a cost, during floods. Hence, without accounting for the temporal dynamics,
it is not possible to value water. In addition, water has a different utility depending on whether it flows
in a river or is stored in a reservoir or aquifer. The water system consists of stocks (reservoirs, lakes,
and aquifers) and fluxes (rivers, streams, and sources) which have different potential uses and values
attributed to them. This triggered the development of a dynamic model, based on the dynamic water
balance equation, which they presented in a paper entitled, “The water value-flow concept” [15]:

dS(t)
dx

=
m∑

i=1

Qin,i(t) −
n∑

j=1

Qout, j(t) (1)

where S is the storage (stock) of water [L3], t is time [T], Qin,i is the inflow of stream i, and Qout,j is the
outflow of stream j, both expressed in [L3T−1]. Note that the storage increases over time as a result of
the inflow and depletes as a result of the outflow. In Figure 2 this is explained in a conceptual sketch.
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Similarly, the dynamic water value-flow equation was derived as

dFVS(t)
dt

=
n∑

j=1

FVQout, j(t) −
m∑

i=1

IVQin,i(t) (2)

where FV S is the full value of the stock (e.g., in $), FVQout,j is the full value of the outgoing flux j ($T−1)
and IVQin,i is the indirect value of the inflowing stream i ($T−1). Note that in the water value-flow
equation the inflow has a negative sign and the outflow is positive; the reverse of the water balance.
Mathematically it means that water flows downstream, but the value of the water flows in the upstream
direction (see Figure 2, from [15]).

A fascinating consequence of this approach was that, similar to input-output modelling in
economics, this method allowed for the calculation of the water multiplier effect in water valuation.
Return flows can be used several times, for instance as a result of return flows from irrigation works
or from urban water supply, which can be used again downstream, or as a result of hydropower,
where the turbined flow can be used again for other purposes downstream. An often disregarded
type of reuse is that part of the water consumed by plants, and evaporated to the atmosphere, returns
again to the river basin as rainfall and as such can be used again productively. This so-called moisture
recycling causes a multiplier effect (or return rate) on rainfall [18–20], but also on the value of water.
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This effect was identified and calculated by Hoekstra and collaborators [13], and is further elaborated
in Section 3.

Thus, the water value-flow concept was a significant advance on the contingent valuation approach
described by Lockwood [1]. It is a unifying, integrating, approach, and not a tool for disaggregating the
diversity of values along a river (for example), as Seymour and collaborators [2] have done. This water
value-flow concept was pioneering, but as is mostly the case with such innovative ideas, it was largely
neglected by the water resources management community (by 31 May 2020, [14] had been cited
11 times according to Scopus and 27 times according to Google Scholar; [15] had been cited 7 times
according to Scopus and 24 times according to Google Scholar. Note that [13] does not appear in
Scopus, and was cited 57 times according to Google Scholar). Why did this ground-breaking paper
not resonate within the community? Answering that question is mostly speculation, but several
factors may have contributed to this unfortunate situation. First of all, it is a misunderstanding that
research communities appreciate innovative and unconventional papers. The best cited papers are
normally the papers that build on generally accepted knowledge and approaches. Reasons for that
may be conservativism, the not-invented-here syndrome, discomfort with thinking beyond the vested
boundaries of one’s discipline, but also vices, such as jealousy, protectionism, or disdain, “How can
a hydrologist claim to know something about economics?” A weak consolation may be that there is
nothing new in this regard. Alexander von Humboldt (1769–1859) observed that there are three stages
in scientific discovery: first, people deny that it is true; then, they deny that it is important; and finally,
they credit the wrong person [21]. However, maybe it is just because the journals that these papers
were published in did not have a high enough impact factor to trigger attention, or that they did not
reach the right audience to generate a larger response. We hope that this review paper will help to
restore this injustice.

3. From Rainfall to Precipitationsheds

The popular belief is that all rainfall stems from evaporated seawater [18]. However, the global
water balance teaches us that only 60% of the precipitation has a direct marine origin and that 40%
stems from terrestrial evaporation [20]. Of all the terrestrial evaporation, about 60% returns again to
the Earth’s surface as precipitation. Large parts of the more arid regions of the world (eastern China,
the Sahel, and the southern Amazon) rely to a very large extent on terrestrial sources [20]. Due to the
general circulation of the atmosphere, moving eastward on the Northern and Southern Hemisphere
and westward in the tropics, precipitation in East China depends largely on the evaporation in Europe,
and precipitation in the Sahel depends largely on evaporation in the Great Lakes region in East Africa.
Surprisingly, precipitation on the southern Amazon, Bolivia, and the Rio de la Plata basin relies to a
very large extent on evaporation in the northern Amazon forest [20]. If the terrestrial evaporation is
reduced by deforestation or land degradation, downwind areas can be largely affected, particularly
during dry periods.

So, the well-established concept of a watershed that indicates the region within which rainfall
drains to a given outfall of a river basin, should be complemented with the concept of precipitationshed,
which identifies the region from which the precipitation originates [22]. Part of that region contains
seas and oceans, but a substantial part may consist of land. This concept was introduced by Keys and
collaborators [22] which would allow applying the water value-flow concept also to the source areas of
the rainfall, and hence to allow valuing land and water conservation activities or ecosystem services in
these regions. Obviously rainforests and ecosystems that maintain evaporation during periods when
there is water scarcity downwind have a large value in sustaining precipitation and maintaining a
higher humidity level in such vulnerable regions.

4. The Water Value-Flow Concept and the New Fields of Socio-Hydrology and Water Accounting

Recently, Sivapalan and collaborators [23] coined the field of socio-hydrology as the new science
that integrates water resources management, economics, hydrology, and sociology. The key in this
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concept is the integration between these disciplines, which until recently was mostly lacking, whereby
the different communities largely remained within their own comfort zone. However, for the complex
issues of today, with drastic societal, climatic, economic, and ecological implications that are tightly
interwoven, such an integrated theory is highly relevant. In addition there is a new discipline
upcoming of water accounting [24], which aims to present the interdependency of water uses in
quantitative terms at different scales, ranging from individual user systems to river systems, nations
and continents. Finally, in 2013, the International Association of Hydrological Sciences (IAHS) launched
the international science decade named Panta Rhei (“everything flows”) on the interaction between
water and society in an environment of change [25] where the value attributed by society to water is a
key element. The value-flow concept discussed in this paper, could play a fundamental role within
these concepts as a vehicle for integration.

5. The Relevance of the Water Value-Flow for Contemporary Societal Challenges

This section aims to demonstrate the relevance of the water value-flow concept for some of the
urgent societal challenges. We focus on green water, with which most biomass on Earth is produced;
on ecological values, which are increasingly being recognized as key to transforming our political
economy into a sustainable one; and on water pollution and finally on the transboundary dimension.

5.1. Green Water

Much of the hydro-economic modelling exercises that have been published focus on irrigated
agriculture while ignoring rainfed agriculture (for example, the special issue on “Integrated
hydro-economic modelling” of the journal Ecological Economics contains four papers that include the
agricultural sector, but all are limited to irrigated agriculture, and ignore rainfed agriculture (see [26])).
After Malin Falkenmark introduced the “green water” concept in 1995 (see [27]), which emphasized
the importance of rain water as a resource, Hoekstra could not ignore green water in applying this
novel water value-flow concept to the Zambezi river basin, simply because the valuation process is
integrated into a hydrological model [13]. He found that, in the Zambezi basin, rainfed agriculture
used 50 times more green water than irrigated agriculture used green and blue water together, and that
the production value of rainfed agriculture was 22 times larger than that of irrigated agriculture.

In sub-Saharan Africa, 90% of the food production is rainfed, and highly suboptimal [28]. Ironically,
there is a great advantage hidden in the fact that yields are so low, because it implies there is a large
potential to enhance agricultural productivity. Much research has been done into improving rainfed
farming, whereby the highest benefits are obtained by reducing the vulnerability to dry spells and
by bridging dry spells through moisture conservation and supplementary irrigation (e.g., [29,30]).
Such interventions have additional—not minor—benefits in soil and water conservation, carbon
sequestration, poverty alleviation, rural economic development, and enhanced moisture recycling [28],
adding additional value to the rain.

5.2. Ecosystem Service Values

The logical step would now be to extend the water value-flow concept to include also biomass-
related ecosystem services, which also consume green water, and which provide critical benefits,
not only to the ecological system, but also to the socio-economic system.

The water value-flow concept could then assess which interventions will enhance the total value
of the system, and who would bear the costs of these measures and who would reap the benefits.
This would allow smart deals to be established, for example in the form of providing compensation to
land use managers (such as farmers), who through soil and water conservation measures, may enhance
the base flow and reduce sediment loads or flood flows somewhere downstream, likewise the payment
for environmental services (PES) concept [31].

However, ecological values in river basins extend beyond the consumptive uses of water, as some
rely on instream flows and on particular flow regimes and dynamics. These particular values pose an
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interesting challenge; for these it is impossible to attribute a certain volume of water to a particular
value, as the dose-response relation is complex and largely non-consumptive. Consider a certain river
flow that produces benefits, e.g., it allows for the spawning of certain fish species during a particular
season and at a particular place, which later on in their life cycle generates tangible ecological, social,
and economic benefits. This same river flow is likely to generate other (instream) benefits in other
stretches of the river as well. To make the story even more complex, such values may only materialize
if at the same site in a different season another (higher or lower) flow occurs. This means that the
occurrence of certain flow regimes need to be attributed value, i.e., a certain minimum high flow during
the wet season and a certain minimum and maximum flow during the dry season. This also implies
that it is impossible to attribute such an ecological value to any particular volume of water (see [32]).
This certainly poses a huge challenge to the water value-flow concept (and any other economic concept
that attributes value to absolute volumes of river water), and we invite scholars to explore ways to
incorporate such non-consumptive and instream water values in this novel concept.

5.3. Water Quality; and the Silt Loads of the Blue Nile

The water value-flow concept in principle also can include, parallel to the water flows, a track of
pollutant flows from source to sinks, and the costs and (sometimes in rare occasions) benefits these
generate. These can then be included in the value-flow.

This is particularly relevant in, for example, the case of the Blue Nile, where the biggest water
quality issue concerns the sediment loads in river water during the flood season. Whereas in the period
1925–1938, the average maximum silt concentration entering Gezira irrigation scheme in Sudan was
about 1000 ppm, during the period 2003–2006, it frequently exceeded 10,000 ppm [33]. In the early
days of the Gezira scheme these silt loads were beneficial as they acted as a kind of fertilizer. However,
the current excessive concentrations silt-up reservoirs and clog irrigation canals, leading to costly
measures to mitigate these problems [34–36]. The explanation of how this massive increase in silt-load
occurred is complex [33,37], but it is evident that the source area is in the highlands of Ethiopia [38],
and that the high erosion rates on farm lands not only resulted in low crop yields and poverty, but even
changed the hydrology [39].

A water value system that can incorporate these water quality-related costs could more clearly
reveal, and justify, the urgency of tackling the root cause of the silt problem.

5.4. Transboundary Water Management

A basin-wide water value-flow model that integrates all water values, as was the project that
Hoekstra started with his 2001 paper on the Zambezi river basin [13], has obvious merits in the
context of transboundary water management and water diplomacy. A properly conceived basin-wide
valuation model could identify unexpected benefits achieved by upstream or downstream activities
that would add value to the system as a whole, and which could be shared between riparian partners.

Such a model would demonstrate where direct values are generated, and how these direct values
depend on water flows from upstream; thus, highlighting the interdependencies in transboundary
basins. It could assist in identifying ways to enhance the total value added in shared river basins
through joint investment programs and other cooperative deals, in the spirit of “benefit sharing” [40].
It could further compute the distribution of costs and benefits over the riparian countries, assess
the degree of equity or inequity of these, and generate ideas on how inequalities can be balanced or
compensated [41].

6. Conclusions

The above review shows that the water value-flow concept has lots to offer in terms of contemporary
challenges. It is fully consistent with the "Five Bellagio Principles on Valuing Water" and the "High Level
Panel of Water" published in 2017, and can make significant contributions to the first four principles:
consider water’s multiple values; conduct all processes to reconcile values in ways that are equitable,
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transparent, and inclusive of multiple values; value and protect all sources of water; and promote
education and public awareness. It can even go beyond this, as one of the potential innovations is
that it can incorporate precipitationsheds, and thus identify the source areas of rainfall. Moreover,
it has great potential of contributing to socio-hydrology. Yet, until now, this innovative and potentially
ground breaking concept has been completely ignored by researchers and practitioners in the fields of
water resources management and economics.

In conclusion, the value-flow concept is a unique framework for integrated assessment of the
value of water within a water resources system or river basin. However, the concept can be further
enriched, and here we suggest four areas for further in-depth study.

One important element to be studied further is how to incorporate water quality in the value-flow
concept. Hoekstra and Chapagain [42] introduced the Grey Water Footprint that accounted for water
pollution in the use of water resources, which was further worked out by Liu and collaborators [43].
In this approach, the impact of pollution was measured in terms of the amount of dilution that it
would require to bring the receiving body back to acceptable concentrations of the substance in
question. However, it did not translate this into a cost to the water resources system, which could
subsequently be included in the water value-flow concept. This is an interesting and highly relevant
field of further research.

A second element that is lacking in the value-flow concept is instream benefits, i.e., values created
without water being “lost” to the system, including navigation but also many ecosystem goods and
services that rely on particular flow regimes or flow dynamics. The benefits of instream uses and
the benefits and costs of changes in the dynamics of the flow, i.e., the reduction of overbank flows,
the loss of flooding dynamics, or the benefits of flow regulation, would be important to assess and to
incorporate in the water value-flow concept.

A third element is the possible incorporation of social, cultural, and spiritual values that have
so far not been considered, but which may have very high societal value. This is arguably the most
challenging research project, yet urgent, as these more difficult to quantify values are often overlooked
(not counted), but it is often the reason why certain developments are spiked or cause social unrest.
A key question is whether it is necessary (and possible) to commensurate these different values to the
same metric.

Finally, it would be worthwhile to test the feasibility and assess the added value of applying the
water value-flow concept to existing case studies in the emerging fields of socio-hydrology (e.g., [44–46])
and water accounting (e.g., [47–49]). We intuit that the value-flow concept could add a dimension to
both fields of study, which both focus on how the water system and society are entwined [50], because it
is precisely at this interface where the water value-flow concept makes its original contribution.
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