
This article was downloaded by: [Oregon State University]
On: 23 July 2014, At: 11:49
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

International Journal of Water
Resources Development
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/cijw20

Overcoming the land–water disconnect
in water-scarce regions: time for IWRM
to go contemporary
M. Falkenmarkab, A. Jägerskoga & K. Schneidera

a Stockholm International Water Institute, Sweden
b Stockolm Resilience Center, Stockholm University, Sweden
Published online: 03 Apr 2014.

To cite this article: M. Falkenmark, A. Jägerskog & K. Schneider (2014) Overcoming the land–water
disconnect in water-scarce regions: time for IWRM to go contemporary, International Journal of
Water Resources Development, 30:3, 391-408, DOI: 10.1080/07900627.2014.897157

To link to this article:  http://dx.doi.org/10.1080/07900627.2014.897157

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
“Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,
proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &
Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions

http://www.tandfonline.com/loi/cijw20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/07900627.2014.897157
http://dx.doi.org/10.1080/07900627.2014.897157
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Overcoming the land–water disconnect in water-scarce regions: time
for IWRM to go contemporary
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This article aims to analyze the relationships between water and land. It posits that
there is a disconnect between land and water management that needs to be rectified.
To address the major challenges the world is facing in terms of feeding itself and
securing adequate access to water there is a need to revisit the integrated water resources
management (IWRM) paradigm. While IWRM incorporates the link between land and
water in theory, it is often ignored in practice. The authors argue that greater visibility of
the land–water linkage is needed and would be encouraged by adding an L for land use,
making ILWRM: integrated land andwater resources management. The natural systems
at play are juxtaposed with a discussion of the (water) governance challenges that they
pose. Challenges stemming from increased land (and thereby water) acquisitions, as
well as the transboundary perspectives of the ILWRM challenge, highlight the need to
revisit and evolve our approach to providing water and food security.

Keywords: water security; water scarcity; land use change; land acquisition; IWRM;
transboundary river basins

Peoples’ concerns about climate are not climate per se, but the consequences of excess or lack
of water resources due to climate change. . . . People do not care about abstract legal
arguments advocated in sophisticated intergovernmental talks; however, they do care a lot
about the water security of their family.

Ben Braga, president of the World Water Council, at the 2013 UN Climate Change
Conference (COP 18)

Introduction

Throughout human history, development has been closely linked to increasing food and

water security. In fact, the struggle to find, secure and maintain fresh water sources

predates the leaps in evolution that allowed us to climb down from the trees. Although

millions of years have passed between that moment and now, the struggle to wisely govern

our water sources remains, and the gap between the haves and the have-nots has hardly

been narrowed. Unfortunately, there are no quick fixes, with a rapidly swelling global

population, increasing demand and climatic variability threatening a tenuous supply.

Climate stationarity is extinct, if it ever existed, and the quest to improve global water

security must proceed through the concerted efforts of hydrologists, ecologists, policy

makers and decision makers capable of reimagining the integrated approach and

contemporizing solutions.
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The land–water disconnect

Cognizance of the emerging and future challenges to providing water security is a

prerequisite for developing appropriate solutions. In the twenty-first century, increasing

attention is being paid to the close linkages between land use and runoff generation.

The implications of the land–water disconnect in ongoing large-scale land acquisitions in

poor countries exemplifies the need to further examine these linkages and promote greater

awareness of the consequences of ignoring them. A new water management paradigm is

currently evolving, based on these insights. The need for such a paradigm was highlighted

by UNEP in the Rio þ 20 conference as one of the 22 most important emerging issues

related to the global environment (UNEP, 2012).

A proposal for a Pact for Water Security has recently been launched at UN headquarters

in NewYork, under the supposition that “water security consists primarily in attaining basic

human needs of everyday life for safe drinking water, hygiene and health while maintaining

the good functioning of ecosystems, but also includes guaranteeing economic and social

security through the use of water to produce food, energy and the goods and services needed

for development and for the rising of living standards” (Braga, 2013).

Evidently, climate variability and change plays a very important role in the

implementation of this planned pact. Due to the uncertainties in precipitation patterns and

consequent streamflows in rivers and creeks, water security will to a large extent depend

on resilient hydraulic infrastructure and efficient land and water management systems. It

was stressed that there is “a need to re-tool our toolkits since methodologies currently used

are designed for stationary climate and therefore no longer valid”.

While the concept of re-tooling the water management toolkit is appealing, it is

important to remember that the central problem of establishing water security is an ancient

one and the tools humanity has been evolving over time to address it do not necessarily

need to be replaced altogether. Instead, it may be the case that replacing the toolbox itself

presents the most logical step towards developing water security. For years, land and water

managers have taken a highly fragmented approach to solving this common problem

(Falkenmark, 1997). While the concept of integrated water resource management (IWRM)

has been a step in the right direction, the tools used by each camp clearly aren’t sufficient

on their own. However, if a new toolbox were introduced – one big enough to combine the

two sets of tools – and if the managers who wield the tools could better understand the

value and usefulness in applying all of them simultaneously, the current momentum

building behind water scarcity could be dramatically curtailed.

This article

In this article, we return to the issues that threaten water security in water-scarce

regions – beginningwith the hydrological systems that influence the availability and potential

of water as a natural resource. It focuses on the land–water disconnect and discusses

shortcomings in the current approaches to IWRM. The analysis not only approaches the issue

from a natural-science perspective but also employs a political-economy perspective, thus

contextualizing the relevant possible options. Finally, the issues of ‘what should be done’ are

discussed in the context of ‘what could be done’, given political and societal limitations.

Constraints to water security under land-use change

Vulnerability of poor countries reliant on agriculture

While early civilizations emerged in the semi-arid zone along rivers, where they could use

the river water for irrigation, a majority of today’s poor and undernourished populations
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dwell in the rainfed areas of that same climatic zone, where water scarcity complicates

livelihood security (Falkenmark & Rockström, 2004). The persistant link between poverty

and a nation’s reliance upon agriculture to comprise the bulk of national GDP can still be

distinguished in the sense that a large number of low-income river basins follow a similar

development trajectory (Cook, Fisher, Tiemann, & Vidal, 2011), illustrated in Figure 1.

Moreover, many of today’s poor countries belong to the category referred to by Grey and

Sadoff (2007) as hostages to their hydrology, in the sense that they have to live with large

fluctuations in water availability due to climate but also to lack of adequate storage facilities.

As shown by Kummu and Varis (2011), rainfall is limited to 500–600mm/y in two

broad latitudinal belts, one between 208 and 458 N and the other between 258 and 358 S
(Figure 2). The northern belt is the global region where population is largest. In view of the

fact that a crop requires on the order of 400–500mm per season to ripen, this constitutes a

region that is extremely vulnerable to small shifts in precipitation patterns.
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Figure 1. Stylized diagram of trends in rural poverty (horizontal axis) and contribution of agriculture
to GDP (vertical axis). Source: Redrawn with permission from Kemp-Benedict et al. (2011).

Figure 2. Latitudinal distribution of average annual precipitation and total population. Source:
Modified with permission from Kummu and Varis (2011).
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Moreover, as Brown and Lall (2006) have shown, there is a direct correlation between

countries with a consistent and moderate amount of precipitation throughout the year and

the national GDP. A central challenge for many developing countries facing ‘bad

hydrology’ is to devise and implement a set of interventions that will mitigate the effects

of hydrological variability (Figure 3) on the lives of their people (Briscoe, 2009). This

necessitates entirely different responses in the management of water security.

Water scarcity–related constraints

Considering the vital role played by water at the nexus of food and energy, it becomes

difficult to imagine how many countries could improve their socio-economic landscape

without first improving their ability to manage every available source of water. It doesn’t

take a crystal ball to foresee the difficulties in quenching the thirst of a growing population

and the accompanying agricultural and industrial water needs. With climate change and

increasing rain variability, water security issues will be particularly precarious in regions

where:

1. water is scarce by nature, i.e. in dry climate regions where rainfall is limited, and

where climate is warm so that most rain evaporates and runoff generation is

consequently low

2. water is already intensively used so that the margin for additional use is limited

3. countries have political conflicts, domestically and/or with neighbouring nations

that share water.

To achieve water security, the water provided to an area, including precipitation, will have

to be managed so that adequate amounts remain available for humans, for economic

activities and to sustain vital ecological functions in the landscape, primarily plant

production.

Two types of water to manage

Most water brought by precipitation falls over land, where it divides into two types of

water: ‘green water’ in the soil, returning through evaporation and transpiration to the

atmosphere; and the surplus, which forms liquid ‘blue water’ in rivers and aquifers

(Figure 4). Put simply, the more green water consumed by vegetation, the less will be

the surplus forming blue water. Green-water use, in other words, impacts blue-water

Figure 3. Prosperity is favoured by climates featuring a moderate annual rainfall and a low variability
in the frequency of that rainfall. Source: Redrawn with permission from Brown and Lall (2006).
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availability, and water security will depend on an integrated green–blue approach where

this partitioning is understood. Any large-scale land-use change – as a consequence of

land acquisition or otherwise – can therefore be expected to influence river runoff.

Vulnerability to land-use change of river runoff

Two types of land-cover changes that have attracted plenty of attention from a water-

partitioning perspective are deforestation and afforestation (Calder, 2005). L’vovich and

White (1990) shown that large-scale deforestation, which opened land for modern

agriculture, greatly decreased evapotranspiration, and estimate the increase in global river

runoff at almost 3000 km3/y. The effects are particularly large in tropical climates in view

of high potential evapotranspiration. In Russia, linkages between cultivation and river flow

were noted as early as the nineteenth century. Mass cultivation and deforestation of virgin

steppes resulted in sharp increases in surface runoff, floods and erosion (Falkenmark,

Andersson, Castensson, & Sundblad, 1999; L’vovich, 1979). In contrast, decreasing river

flow resulted from ploughing, which was aimed at improving soil permeability and

making it possible for more water to reach the plant roots. In the Don Basin, with 60–70%

of the land under the plough, river flow decreased more than 10%.

In south-east Australia, widespread wildfires in 1939 wiped out extensive areas of

old-growth ash forests (Falkenmark et al., 1999). During the following regrowth, water

flows declined until the new forest hadmatured. During 27 years of regrowth in theMurray-

Darling basin, the base flow decreased to less than 50%, and complete flow recovery was

estimated to take on the order of 150 years. This raised concern about the need to balance

timber harvesting practices against basin water needs. This resulted in agreed management

policies between the forest owner andMelbourne’s water supply authority. In South Africa,

Precipitation
100 %

1.7 % environmental water flow

95 % green water flow 0.2 %
irrigation

0.1 %
return flow0.3 %

5 % blue water flow

15 %

Water bodies

Savannas and grasslands
Forests

Croplands

9% 14 %

Arid, shrub and  barren lands
6% 51 %

Figure 4. Typical water balance in the savannah zone. At the ground, rain over a catchment/river
basin is partitioned into infiltrated rain, forming green water in the soil and supporting vegetation,
and blue water, mainly from surplus rain, generating river runoff and groundwater recharge.
Source: Reprinted from Falkenmark and Rockström (2010).
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commercial afforestation is declared a ‘streamflow reduction activity’ and regulated by a

water-use licensing system (Falkenmark, 2003).

Achieving water security amidst significant land-use changes requires a thorough

understanding of the blue and green water available. In certain cases there will be a

scarcity of blue water, and in others of green water (and sometimes of both). Appropriate

governance mechanisms to address the scarcity are necessary for a country (or region) to

fully utilize the water potential.

Green-water scarcity, droughts and desertification

As earlier stressed, green-water scarcity is of particular importance for poor countries with

agriculture-dependent economies. In regions with permeable soils, limited rain and high

potential evaporation, most water returns to the atmosphere and runoff generation is

limited. Water availability is therefore mainly green, unless there is blue-water inflow

from a humid upstream region. The severity of green-water scarcity determines the

potential of a country to meet the preconditions of self-sufficiency in food production.

Stark shifts in precipitation patterns with widespread droughts may have life-threatening

consequences for vulnerable populations that extend far beyond their economic impact.

Natural green-water scarcity appears with different time characteristics and different

mitigation responses (Table 1). For example, there is aridity that can be compensated by

irrigation systems in some places. Inter-annual droughts can be met by water storages and

irrigation, and intra-annual dry spells increasingly met by water-harvesting tanks and

supplementary irrigation. Dry spells easily contribute to low yields and large yield gaps in

terms of the difference between potential and actual crop yields (Falkenmark &

Rockström, 2008); typical yields in smallholder production in the savannah zone may be

limited to on the order of 1 t/ha in the semi-arid tropics and sub-tropics, although the

potential yield may be more than 5 t/ha. Efforts to bolster water security have to involve

protection against these different forms of natural water deficit.

Green-water scarcity may also be of man-made origin, in the sense that rain

infiltrability and water holding capacity may be disturbed. In semi-arid regions, soils are

particularly vulnerable to degradation, prone to crust formation hindering infiltration, and

to low water holding capacity, which may limit green-water availability through

insufficient organic matter, etc. Direct effects include low crop yields and large water

losses, green as well as blue (Figure 5). The way to meet these weaknesses and secure

green water for the plants involves dry-spell protection by securing rain infiltration, water

holding capacity, and root water uptake (Rockström, 2003; Rockström et al., 2009).

Overcoming man-made green-water scarcity in the sense of dry-land ‘desertification’

attracted massive international interest during the 1970s and 1980s. Repeated droughts

plagued the Sahel zone during that period, causing a vast African famine in the mid-1980s,

Table 1. Natural water deficiency mitigation.

Deficiency time/space
characteristics Type of water deficiency Mode of mitigation

Weeks Intra-seasonal, dry spells Rain harvesting, local tanks
Months Intra-annual, seasonal, dry season Inter-seasonal storage
Years Inter-annual, drought years Over-year storage
Local Intra-country, dry regions Water transfers
Regional Inter-country, aridity Virtual water transfer

396 M. Falkenmark et al.

D
ow

nl
oa

de
d 

by
 [

O
re

go
n 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
1:

49
 2

3 
Ju

ly
 2

01
4 



which was a consequence of a set of simultaneous disturbances to water security

(Falkenmark & Rockström, 2004). The problem is however widespread over the drylands

of the planet, an area encompassing 45% of the land surface.

The conceptualization of drought and desertification remained unclear and diffuse for

a considerable time (Falkenmark & Rockström, 2008). A recent UNCCD (2012) synthesis

report now distinguishes between droughts, meaning a naturally occurring phenomenon

when precipitation has been significantly below average recorded level, and

desertification, which “refers to land degradation in drylands resulting from various

factors including climatic variations and human activities”.

The Rioþ20 conference introduced the ambitious target of “achieving a land

degradation neutral world by 2030”. A core activity includes the “scaling up sustainable

forest and land management to avoid degradation of natural capital, or by offsetting land

degradation through land restoration” (UNCCD, 2013, p. 17). A fundamental step in

overcoming land degradation entails the “critical merging of agriculture and environment

by maintaining and regulating ecosystem services and increasing productivity and

diversity of goods and services”. It also involves sustainable forest management in upland

areas to prevent soil erosion and flooding. Thus, the way to overcome this man-made

green-water scarcity has its focus on what we today cover by the more modern concept of

land stewardship. As such, the land–water disconnect as shown in the green-water

scarcity approaches represents a failure – as well as an opportunity for changed (and

improved) practices.

Blue-water scarcity, river depletion and closed basins

The conventional way to alleviate green-water deficiency is by irrigation, transforming

blue water into green. Quantitatively, irrigation dominates among blue-water uses in

dry-climate countries, and both food and water security may be threatened by increasing

blue-water scarcity.

Naturally available blue water is primarily a function of hydroclimate and topography.

When rainfall is limited, most of the water returns to the atmosphere and very limited

amounts remain to generate blue water. Only where rainfall exceeds the requirements

Rain

blue 
loss

ground

green
loss plant

uptake

blue 
loss

Figure 5. Typical water losses in semi-arid smallholder agriculture with crop yields on the 1 t/ha
level. Source: Reprinted from Falkenmark (2013).
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of vegetation is blue water principally generated. Natural blue-water scarcity exists

in situations where only a limited amount of blue water is generated due to a dry climate.

This is reflected in watercourses being small and carrying water only during rainstorms.

In semi-arid regions, perennial rivers tend to originate from precipitation-rich ‘water

towers’ in the upstream basin, and the population depends on groundwater to support the

intensification of agriculture.

Blue-water flow is vulnerable to consumptive blue-water use, causing man-made blue-

water scarcity: river depletion. In regions with irrigated agriculture, river depletion tends

to develop over time as consumptive use increases with agricultural development,

increasing irrigation efficiency, etc. (Falkenmark & Molden, 2008). Depleted rivers may

expose dramatic situations such as the one that developed in the Yellow River in the

1980s. In this case, the river was taxed to such a dramatic extent that by 1997, it ran

completely dry for seven months a year everywhere downstream of the lower bend by the

city of Zhengzhou. The short-term way to counteract this depletion has been by tapping

from river dams higher up in the river.

Blue-water scarcity is relevant from two different perspectives: in terms of the

difficulty to mobilize an even larger share of the resource for societal use (use-to-

availability ratio), often referred to as ‘water stress’; and in relation to the population, and

expressed from the perspective of social competition (Ashton, 2002; Falkenmark, 1986)

as the number of people sharing each flow unit (‘water crowding’) – see Figure 6.

We speak about high water stress where use-to-availability is 40% or beyond (Falkenmark

et al., 2007). In terms of water crowding, the empirical experience is that beyond

1000 people per Mm3 per year there is chronic water shortage (Falkenmark, 1986).

When water use has risen to the level that should be reserved for environmental flow,

i.e. what is needed for a healthy habitat of aquatic ecosystems (Smakhtin, Revenga, &

Döll, 2004), we speak of ‘river basin closure’ (Molle, Wester, & Hirsch, 2007). In

closed basins, additional water demands must be met through reuse, desalination, water

transfer, etc.

Many densely populated river basins with man-made blue-water scarcity are already

over-appropriated from generations of intensive irrigation. Situations in which high water

crowding is combined with high water stress are described as exhibiting ‘severe water

shortage’ (Falkenmark et al., 2007; Figure 7). Most of the large Himalayan rivers are

approaching this situation (Facon, quoted in Pangare, Das, Lincklaen Arriens, & Makin,

2012), and waste water reuse will be a tangible solution to securing the water supply of an

increasing population. Most poor semi-arid African countries – often characterized by

‘economic water scarcity’ – remain in the bottom region of the diagram, where the

Persons/Mm3/year

1

100

2

600

3

1000

4

2000

Figure 6. Visualization of increasing levels of water crowding. Each cube indicates one flow unit
of 1Mm3/y available in terrestrial water systems; each dot, 100 individuals jointly depending on that
water. Source: Reprinted from Falkenmark (1986).
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increased water crowding foreseen in the next few decades can be met by infrastructural

development.

Water security–oriented management

Traditionally, water managers have compartmentalized their tool kits with the physical

tools to manipulate water sources on one side of the box (dams, canals, storage

facilities, treatment facilities, etc.) while the other side is reserved for management

solutions (water rights allocation, virtual water trading) and other solutions that build

on a solid platform of infrastructure (Brown & Lall, 2006). At the national and regional

levels, a key component of any water governance strategy features a balance of both

soft and hard solutions depending on resource availability and needs within the basin.

In this way, there is no clear road map or universal system of best practice to provide

water security. The roots of water scarcity vary widely, and therefore measures to

promote greater security must be flexible. This is hardly a revelation, but achieving a

sensible mix of approaches and tools is a delicate and complicated business. Often,

the seemingly obvious and most rational solution (whether ‘hard’ or ‘soft’) may simply

be out of reach. Just as every basin has intrinsically unique needs dictated by rainfall

availability, every basin also features a unique range of socio-political circumstances

which leave certain measures politically feasible and others implausible (Allan, 2001;

Falkenmark et al., 2007). In certain contexts and regions, reaching the most appropriate
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Figure 7. Water-scarcity predicament in terms of combined water crowding (horizontal scale) and
water stress (vertical scale). Red lines indicate transition to more severe situations. Diagonal lines
show possible per capita water use; 200m3 per person per year indicates typical need for municipal
and industrial water supply. Brown highlights particularly vulnerable situations.
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water security solution will only be made possible in the wake of an “emblematic

event” (Haajer, 1995) capable of opening a window of opportunity to change long-

overdue policies.

Management options for coping with fluctuating rainfall and human demands

As already indicated, blue-water scarcity can be demand driven. In such contexts,

stimulating measures that reduce water demand can compensate for an insufficient supply.

For example, economic incentives (or disincentives) aimed at lowering subsidies of water

for irrigation can enable more productive water use.

When water scarcity is population driven and where demand management is in place,

society has to adapt by reallocation, avoiding unnecessary water demands, or ultimately

seeking alternative ways to supply water-dependent societal sectors. Typical examples

include the importation of bulk water, desalination, importation of food, rainwater

harvesting, etc. When water scarcity is only temporary and linked to seasonality and to

climate variability between good years and bad, the natural solutions are water and food

storage, insurances, etc.

It should be noted that developed and developing are most often courteous academic

words used to replace rich and poor when describing a nation’s fiscal reality. In many

‘developed’ countries, hard solutions were opted for during the early stages of their

development because they had the financial resources to promote the building of

infrastructure. There, storage capacity to deal with fluctuations in rainfall due to climate

variability has been in place for decades. However, in most of Africa this is not the case,

partly because of limited ‘development’.

Figure 8 provides a good snapshot of water storage capacities in different parts of the

world. Although Ethiopia and Australia both frequently suffer long and brutal droughts,

Australia has 100 times more storage capacity per person and is thus able to manage water

scarcity more effectively. From a casual glance at this figure, the obvious solution to

Ethiopia’s water scarcity problem would appear to be a simple one: to build water-storage

infrastructure.

Aside from the fact that infrastructure is always expensive and beyond the means of

many countries, the majority of global freshwater sources extend beyond any

single nation’s borders. This means that the job of an Ethiopian water manager doesn’t

begin and end with a resource found solely in Ethiopia. The Nile River, Ethiopia’s most

Figure 8. Disparity of water storage capacities between ‘developed’ and ‘developing’ nations.
Source: Reprinted from Falkenmark (2012).
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prominent source of fresh water, is shared by 10 other countries, so unilateral actions

such as building a dam are impossible without proper dialogue with other basin states,

even when funding is not an issue. Australia does not share this dilemma; it can carve

out solutions to water scarcity at its own pace and to whatever scale is deemed appropriate

for Australians.

Transboundary challenges

Transboundary water resources feature another layer of complexity. Riparian nations often

view shared waters through a national-security lens, and the resource is easily entangled

in the socio-economic and political interests of multiple countries (Earle, Jägerskog, &

Öjendal, 2010). As a result, tensions over transboundary waters become commonplace and

are difficult to overcome. History tells us that there is a tendency to reach mutually

acceptable agreements when it comes to managing water resources, even though much has

been made about the potential hostilities.

For over 30 years, IWRM has been an approach taken in transboundary settings to

encourage responsible management practices. In theory, transboundary water negotiations

should be making considerations for both blue and green water while further accounting

for land-use development. Historically, this has not been the case. The Transboundary

Freshwater Dispute Database (http://www.transboundarywaters.orst.edu), established and

maintained by Oregon State University, features nearly 450 multilateral agreements made

between 1820 and 2007 and pertaining to the management of transboundary water bodies.

A survey of this database reveals that only 14% of these treaties make any mention of

groundwater, and land use is similarly absent (TFDD, 2014). Considering the clear

links between green-water partitioning and blue-water generation established above, it is

difficult to understand why this would be the case. It should be noted that provisions made

for the integrated use of water for agriculture within transboundary basins (sometimes

through foreign land acquisitions) would be advantageous for some countries and

detrimental for others. However, the complex dynamics of green and blue water and the

relationship to any given landscape is not a justifiable reason to ignore it, regardless of any

transboundary hierarchy. If ignored, there is the risk that such problems will resurface later

and create unwarranted problems.

Moreover, climate change and the ensuing increased climate variability will make

many transboundary agreements obsolete. As noted by Earle, Jägerskog, and Öjendal

(2010), agreements are often based on multi-year averages, and when climate variability

increases as a result of climate change the agreements may lead to more disagreement and

potential conflict than before. Agreements involving transboundary water resources

need to include more ‘flexible’ approaches rather than having clearly defined volumetric

allocation. However, this is less attractive to many governments because the content of

such agreements may appear less certain.

The challenge (as seen from the political-economy perspective) is that what seems

rational from a resource management perspective (e.g. building a dam) will intersect

with political, economic, social, strategic and security interests. Therefore, some

countries that could significantly bolster their own water security by cooperatively

developing a basin’s water resources and sharing the benefits with neighbouring

riparians are still not likely to embark on such a venture due to a lack of trust or perceived

risks to other socio-economic or political positions. The level of securitisation,

to use the term of Buzan, Waever and de Wilde (1998), is instructive in understanding

which regions and countries are more likely to engage in advanced benefit-sharing
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regimes. For example, Jägerskog (2008) concludes that in the Jordan Basin the

parties are less likely to engage in such a regime given the level of hostility (far beyond the

water issue).

Modernizing IWRM by including land-use change response

The dynamics of water use and function require an integrated approach to planning and

making fair trade-offs between conflicting interests and water functions. The importance

of green water for human water security in water-short regions makes it particularly

essential to take an integrated approach to land and water use. The overarching goal of

such an approach includes sound water resources management and well-planned

landscapes, economic growth, social development and political stability.

The IWRM approach originates from the 1950s (Biswas, 2004) and can be seen as a

spiralled process of adaptive management building on the achievements and experiences

in the past (GWP, 2012). It gained momentum in the 1990s with the introduction of the

Dublin Principles. In practice, IWRM has focused on blue water. Although lip service is

paid to the inclusion of land aspects, they have in reality not been given much attention.

IWRM has been subject to considerable debate (Biswas, 2004), specifically where the

‘management’ component of the process is applied. The IWRM approach has primarily

targeted water professionals and water ministries, while it could have a farther-reaching

impact through integration with other cross-cutting sectors such as agriculture,

environment and energy. With the introduction of green water, the management issue

needs to move beyond water ministries because land use enters as a key activity,

particularly in the agriculture and forestry sectors.

One way to introduce land use into IWRM is by developing it into ILWRM, where

L stands for land use. River runoff is built up as one moves away from the water divide

towards the river mouth; it is generated from surplus rainfall and added to the river

system. It is influenced by land use and the associated green-water consumption: as

land evapotranspiration increases, runoff generation decreases. When mentally

introducing green water into the process, one way is to address the implications of

green-water activities on the blue water moving down the river. The basic water

resource is the precipitation within the basin water divide; when the water is routed

through the basin, ecological bottom lines may be incorporated and upstream–

downstream relations taken into account. Principally, attention should be paid to runoff

added along particular river stretches, to demand sites and to the partitioning of the

diverted water into consumptive use versus return flow, to pollution load, and to

instream uses (FAO, 2000).

Incorporating land interactions in terms of ‘green water’ resources for food, energy

and ecosystem services should be an integral part of any conversation regarding water

security and the first step taken in the planning stages of any water management

project. When incorporating land use, the basin can be seen as a mosaic of partly

incompatible land and water demands on the system’s water availability, and the

overall challenge will be to orchestrate this water system for both compatibility and

sustainability.

Land and water stewardship

Green water is at the core of land-use issues that relate to agriculture, forestry and

terrestrial ecosystems. More recent components in the adaptive process are well-planned

landscapes, improved basin water resources and attention to their resilience to human
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pressures. Modern approaches will have to be closely coordinated with respect to both land

stewardship (securing water for land productivity, focus on blue–green water partitioning)

and water stewardship (balancing between humans and ecosystems, use trade-offs

between upstream–downstream and urban–rural). The buffering capacity of ecosystem

services (flood regulation, drought mitigation, wetland water storage, preparing room for

the river, clearing invasive trees, etc.) is essential. These approaches are not easily

implemented because they typically cut across ministerial divides and bureaucratic

responsibilities within states. Thus, while understanding the importance of the different

approaches may appear straightforward, the key question of reaching joint understanding

of how to govern water and land is far more complex.

Preparedness for new challenges

In the area of effecting land and water management practices, a number of ‘new’

challenges are emerging, such as land acquisitions (and their water impacts), climate

change and altered precipitation patterns and, consequently, water availability.

Climate change and increasing variability

With ongoing climate change, new data analyses show that rain-water variability has been

increasing with time (Hansen, Sato, & Ruedy, 2012). Figure 9 shows that how the average

summer land temperature on the northern hemisphere has been systematically increasing

since the 1950s. The risk of drought is therefore increasing. Droughts are also becoming

increasingly severe. Situations three standard deviations away from the mean now cover

10% of the earth’s land surface – a phenomenon that was practically non-existent in the

1950s.

We may therefore conclude that, as a consequence, climate change will exacerbate

green-water scarcity events. This demands preparedness and resilience building, both

biophysically (e.g. through drought-resilient crops) and socially (e.g. through farmer

income adaptation and insurances).
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Figure 9. Frequency of occurrence (vertical axis) of local June-July-August temperature
anomalies (relative to 1951–1980 mean) on Northern Hemisphere land in units of local standard
deviation (horizontal axis). The area under each curve is unity. Source: Reprinted from Hansen
et al. (2012).
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Hidden water acquisitions

A telling example of the disconnect between land and water can be seen in the contractual

language used in land acquisitions, primarily in Africa but also elsewhere. Often, contracts

between sovereign nations and commercial or foreign investors are water blind, in the

sense that provisions for water use (particularly green water) are not always made

explicit – leaving the impression that water is being ‘taken for granted’ (Jägerskog,

Cascao, Hårsmar, & Kim, 2012). Since the food price crisis in 2007–2008, a noticeable

surge in investments in land has taken place (Jägerskog et al., 2012), and the increasing

frequency of land acquisitions (often made by foreign investors) that fail to observe the

impact of large-scale land-use changes within a watershed is an ominous sign. The FAO

Principles for Responsible Agribusiness Investment (RAI, 2010) are largely water blind as

well. This illustrates both a phenomenon – the land–water disconnect – and an ongoing

trend that puts additional pressure on both land and water resources (blue and green).

From a water perspective, land acquisitions can be foreseen to have two effects

relevant to the host country:

. land-use change by increasing water productivity and green-water use on croplands,

i.e. streamflow reduction activity (cf. Figure 5); and

. development of pasture into productive croplands (that will involve soil water

management reducing flash floods), thereby turning some blue water into green.

As noted above, the increase in land acquisitions by foreign investors in Africa, Asia and

Latin America has raised serious concerns, both from a land-rights perspective and from a

water perspective. The sheer scale of the investments is astounding. A recent assessment

using a land matrix (2013) of recent land acquisitions (Rulli & D’Odorico, 2013), shows

that in African, Asia and South America over 43 million ha of land has changed

ownership. It should be noted however that the data used in the land matrix are often

high-end estimates. Nevertheless, the changes that have occurred are significant. Almost

400 km3/y of green water and 75 km3/y of blue water accompany those transactions.

The agreements that constitute the framework for the land leases largely ignore this

connection.

That the connection between land and water is so routinely ignored is astonishing,

considering that water underpins any potential land-use change, whether the investment

is made to grow food crops or biofuel crops, or to support livestock (Jägerskog et al.,

2012). Some suggest that such investments may be a kind of ‘virtual water hegemony’

by which outside actors gain control over resources (in this case water) through inward

investments in regions such as Africa (Sojamo, Keulertz, Warner, & Allan, 2012). The

potential consequences to water availability at the national level (increased competition,

pastoralists losing their water rights, etc.) are troubling and could pose further risks to

transboundary and regional water resources (Falkenmark & Molden, 2012). The land

acquisitions and the disjointed approach to dealing with water provide a telling example

of why water and land need to be managed together, concurrently. We need to make

sure that we understand the implications of such major transactions for water, land and

local stakeholders in order to make a sound evaluation of whether they are truly

beneficial to both sides.

Discussion and conclusions

While poor countries are to a large extent dependent on agriculture for their development,

water scarcity is widespread, both as a natural and as a man-made phenomenon, and is
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being exacerbated by ongoing population growth. Near-future challenges include more

frequent and more severe droughts, unforeseen implications of hidden water acquisition

linked to foreign land-use contracts (see also Tortajada, 2013), and nexuses developing in

the interdependence of water, food and energy security.

Threats to water security are subject to large regional differences. Green-water scarcity

is an essential challenge to poor semi-arid countries in Sub-Saharan Arica, whereas

blue-water scarcity is a looming problem in the large closing basins in South Asia. Core

management approaches in the next few decades will therefore differ between these

regions, giving weight to e.g. green- and blue-water storages in Sub-Saharan Africa as

opposed to blue-water demand management and wastewater reuse in South Asia.

We have discussed problems linked to the past land–water disconnect, highlighted in

Rio þ 20 by UNEP. Through the green–blue partitioning of incoming rain, green water is

at the core of land-use issues. Land-use changes influence blue-water generation,

highlighting the need to “increase understanding of river basins based on integration of

land and water use, sound water accounting, management of both surface water,

groundwater and water quality, and understanding of the key drivers of change” (Pangare

et al., 2012). The hidden threat from the non-neglectable size of negotiated land

acquisitions is essential to pay adequate attention to.

Key tools needed in trying to reach the biophysical potential, given the fact that blue-

water availability is a function of green-water processes, include:

. adequate storages for adaptation to large rain variability and sharpening droughts;

. water management transformation in closing river basins, stressing demand

management and wastewater reuse;

. land stewardship with focus on green-water availability and crop water uptake

capacity, as well as blue–green partitioning, especially infiltrability to minimize

flash floods; and

. attention to the water implications of land acquisitions and multilateral

transboundary agreements.

Many river basins in the dry-land regions are transboundary. Historically, there has been a

blatant disregard of the implications of land and water linkages in transboundary

agreements. Where basin countries’ water requirements are changing with time or are

exacerbated by continuing population growth, transnational agreements must be flexible.

A business-as-usual approach, solely focused on blue-water resources, could potentially

increase tensions in transboundary basins as the supply and demand dynamic for

freshwater shifts. This is by no means meant to imply that ‘water wars’ are imminent but

should serve as a caution for countries already struggling to meet the food and water

security needs of their people, let alone future generations.

A country’s combined water potential and societal potential are key ingredients when

discussing strategies and alternatives in management for water security. Social adaptive

capacity (Ashton, 2002; Ohlsson & Turton, 1999) will be essential in water-scarce

situations exacerbated by both population growth and sharpening droughts. This

highlights the importance of “human ingenuity” (Homer-Dixon, 2000), i.e. the ability to

innovate and ‘be smart’ in managing both the water resources and the economy at large as

key factors in achieving security. What will be necessary is to stimulate economic

development based on activities that are less water-dependent than agriculture. Israel

and Singapore are telling examples in which economic diversification and reliance on

‘virtual water’ enable a society to develop and prosper despite both blue and green water

scarcity. To produce ‘new water’ through desalination of seawater, thus shoring up their
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water budgets, is not a realistic option for poor countries lacking access to financing or

cheap energy.

A key conclusion in this article is that for too long land issues have not been addressed

properly within the IWRM discourse. While they have been included (Falkenmark, 2003),

they have not been fully taken into account, and in some cases the conversation is never

had. This is all the more telling when analyzing, as we have done above, aspects relating to

green-water scarcity (where land is central) and how land acquisitions (for food or biofuel)

may be entered into the equation regardless of whether a basin exists within a single

sovereign state or is transboundary in nature. As stressed by Pangare et al. (2012, p. 73),

“river basins may not be the main focus of water management, but only one dimension

where water solutions are implemented, alongside interventions in other sectors. In any

case, integration of land use, conjunctive management and water quality management are

part of the future of river basin management.” We see this as central from both a green-

water perspective and from the climate change and land acquisition perspectives. This

warrants the adoption of a wider and more thoroughly integrated approach – one that

moves beyond the often too (blue-)water-centric paradigm currently applied to

management practices, agreements and policies. Failure to do so leaves human and

ecological security vulnerable.

At the risk of adding yet another acronym to the water management vernacular, we

suggest an expansion of the IWRM approach to ILWRM, with the L standing as a constant

reminder of the vital link between land and water. When incorporating land use, the basin

can be seen as a mosaic of partly incompatible land and water demands on the system’s

water availability, and the overall challenge will be to make it possible to orchestrate this

land–water system for both compatibility and sustainability. If such plans are developed,

there is at least a basis for more inclusive and holistic decision making in countries burdened

bywater scarcity. Such a change and ‘sharpening’ of the IWRMapproachwould be beneficial

for countries and for the chances of improved sustainability in water-scarce regions.
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