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Introduction

One of the cornerstones of Water Resource Manageséme Hydrological Cycle. The
trend towards IWRM suggests that we should revist paradigms that serve to guide
our thinking of the way that management structwaes designed. This has particular
relevance for developing countries where readilgilable water resources have already
been allocated to various productive uses, andewvater scarcity can impact negatively
on the economic growth potential of the state. Toee management issue is the
propensity towards complexity (Falkenmark & Lundsiyil995:189) and the need to
rethink and refine the fundamental concepts. Threept of the hydrological cycle needs
to be expanded to include an understanding of #r®ws factors involved in IWRM
today. These include social, economic and environableaspects. Four distinct
components to the hydrological cycle can be ideutif

1. TheNatural Domainconsists of precipitation and other climatologitavs.

2. TheEngineering Domairtonsists primarily of water that has been maddahia
through human technical ingenuity (consisting l&rgé “blue water”).

3. Thelnstitutional Domainin which WDM and other allocative measures arernake
in order to improve the efficiency of water use.

4. The Trade Domainin which national-level water deficits can be aim@ted by
virtual water trade (Allan, 2000), which mobilize&geen water”.

There are diverse linkages between all four ofaih@ve components, forming a complex
system of cycles within cycles. It is the institutal domain where linkages between the
other three domains are determined. Water can lvednmom the natural domain of one
region through either the engineering or the tidal@ain and rejoin the natural domain in
another region. This paper consequently seeksvisitréhe hydrological cycle in order to
contextualize it in the virtual water discourse onder that we can challenge the
prevailing IWRM paradigm and push the envelopeaf knowledge further.
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Beyond Portable Water

The first region in the world to run into water éfwas the Middle East North Africa
(MENA) (Allan, 2000), with the Southern Africa Ddepment Community (SADC)
region set to follow this trend. This means thar¢his a pressing need to develop new
ideas for the management of water resources if lwater scarcities are not to become a
limiting factor to the economic development potehtf the SADC region. Pioneering
work by Falkenmark (1994; 1997) has shown thatdbmeventional hydrological cycle
can be broken down into two distinct fractions. Thike water” fraction is the water that
is used for socio-economic activities, whereas égrevater” is used for biomass
production. Similar pioneering work by Allan (20a@gs shown that virtual water trade is
a powerful yet politically silent way of balancingcal water deficit. Work by Turton
(2002) has shown that issues of scale and rangeeantal to an understanding of
hydropolitics, of which water resource managemenbut a component. The shift in
transboundary water resources management has iegnfram exclusive water sharing
and towards benefit sharing, units of water beingt jone of many benefits a water
resource may offer.

Conventional thinking on the hydrological cyclevesll as water resources management
generally has given prominence to “portable watéfater which can be pumped, stored,
packaged or sold, the blue water referred to bidrahark. However, when it comes to
food production it is not the portable or blue watdich is most important. Close to 60
percent of all grains are produced under rainfedditmns, accounting for about 70
percent of grain production area worldwide. In deped countries, where the majority
of the world’s grain is produced, rainfed agricuftaccounts for about 80 percent of
grain area (Rosegrant et al, 2002). Rainfed adureilrelies on soil water, the moisture
trapped between soil particles. It is largely igetbby water managers and receives little
attention in debates over privatisation of watsoreces as it cannot be stored or sold.

Water for food production is the largest consungtisse of water, with roughly 1,300

m3/p/y needed to produce the food for a balancet(Riockstrom, 2002). This equates to
5,400 km3/y of water used globally to produce cr@pisthis global amount 695 km3/y is

traded between countries as food-crop relatedalimater (Hoekstra & Hung, 2002). It

is this trade in water-intensive crops which magesen water portable and able to be
used to compensate for a lack of water resourcether parts of the world. The trade in
virtual water between countries is many times @netitan that of “real” water. Pipelines,

canals, tankers and other water transfer schengesastly and only able to transport
quantities of limited use to an economy. In cortfrasnassive and relatively frictionless
system of trading virtual water through the worldisin markets is already in place. The
great advantage enjoyed by trading in grains ighbesand-fold gearing up in volumes
of water saved in relation to grain transportece Ttade domain of the hydrological cycle
plays an important role in enabling the other twonhn-constructed domains, while
ameliorating shortfalls in the natural domain.

Hydrological Sub-cycles



The Natural Domain consists of the flows of watapour through the global weather
systems. These flows are typically included in stendard model of hydrological cycle.
As such it functions at the highest level of scatimddling continents and ecosystems.
This embraces aspects such as global climate charagearal climatic variability,
ecological water, precipitation, natural flows dhetuations in those flows. Very little
control is possible over these elements. The piacidrivers are precipitation,
infiltration, evapo-transpiration, vapour transéerd runoff (see Figure 1).
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Figure 1: The various domains of the hydrological ycle operate at different scales —
from the basin to the global level.

The Engineering Domain is technical ingenuity daanin (Homer-Dixon, 2000) and
focuses on the mobilization of the blue water faactof the hydrological cycle to
compensate for local water scarcity. As such icfioms at the lowest level of scale. It
consists of aspects such as Inter-Basin Transkf¥)(lIdesalination, the recycling of
effluent and aquifer development. The importaneaspo note is that the level of scale is
limited to the river basin, where at best it caraddle a given watershed. This is the
human reaction to water scarcity and variabilityl amderpins water management in
places such as the western USA over the past gerstamthern Africa, India and China.
Typically such schemes have various drawbacks edsedavith them — they have limited



capacity, are costly to construct and to operate/ehunpredictable environmental
consequences and exposes recipient states to litg@cuheir water supply.

The Trade Domain focuses on the green water fraatiothe hydrological cycle, in
particular mobilizing water from regions of relaiwater abundance in order to balance
localized water deficits as they occur. As suclurictions at the third level of scale,
straddling problemsheds, with the main vehicle efivery being trade in water rich
products. A central issue here is the relative athge of specific productive modes, with
globalization dynamics playing a major role. Fasteuch as agricultural subsidies, trade
barriers and consumption patterns influence thedlof virtual water. The major impact
of this domain is that it allows local water supplito be used in the most efficient
application —more jobs per dropUnlike water transfer schemes the supplier basin
state is not locked into an agreement with anyrecgient and is free to gain maximum
income from the product exported. For the recipibasin or state there is not the
insecurity which accompanies being dependant orthancstate for water supplies.
Political instability in the donor state won't nasarily affect the provision of virtual
water in the recipient state as there are so m#mr suppliers on the world market. The
major disadvantage, specifically for developingiora, is that it places a limit on their
economic development options. Frequently the loeabnomy is not sufficiently
diversified to make use of the local water savedniore efficient industries such as
industrial manufacturing.

The Institutional Domain is social ingenuity dommbgHomer-Dixon, 2000) and focuses
on issues relating to the allocation of water,ipatarly under conditions of basin closure
where all available water has already been alldct&teproductive activities (Seckler,
1996). As such it functions at the second levelscdle, straddling watersheds and
international borders where appropriate. Its magus is the river basin however, where
the primary vehicle of delivery in terms of watesource management is policy centred
on allocative efficiency and conflict attenuatidhis dependant on being able to make
use of the benefits offered by the trade and erging domains. The importation of
virtual water frees local supplies, which can bedus more efficient activities.

It is in the institutional domain where water alition decisions are made and enables a
region to make use of either water transfers aua&irwater imports. The local water
supplies saved will then re-enter the natural danaas a sub-cycle of the hydrological
cycle, either as runoff after a productive use ®reeaosystem replenishment (see Figure
2). The last point is important in the conservatafnnatural water resources such as
wetlands and deltas. For example in the manageofethe Okavango Delta, a Ramsar
site in Botswana, a conscious choice has been nwadleave water in the ecosystem
allowing it to perform important natural processkstead of drawing water from the
delta to irrigate crops food is imported using imeoderived from tourism in the delta.
The water in the delta either joins the natural dionof the hydrological cycle through
evapo-transpiration or through infiltration, leaglito evaporation later on.
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Figure 2: Interaction between the 4 domains of thaydrological cycle
Interaction Among Domains

For the hydrological cycle to maintain its relevarto IWRM it needs to evolve and
adapt to the new forces operating within it. Thehespogenic domains had little

influence on the natural cycle prior to the agtigrdl revolution 12,000 years ago. Prior
to the origination of large-scale crop cultivatiomjgation and trade in produce, water
management activities were minimal. The natural @onof the hydrological cycle

operated without interference from humans. With tise of irrigated agriculture in

Mesopotamia water was manipulated, stored and pgoatesi moving it away from the

natural and into the engineering domain. Over gmgirun this control of water resulted
in large-scale salination of the soils in the regias water left the engineering &
institutional domain and reverted to the naturamdm through evapo-transpiration,
leaving salts behind in the process. Over time,oasr areas and cultures started
practising large-scale irrigation and crop cultivat water would leave the natural
domain of the cycle and, through trade, move im® institutional domain. An early

example of this virtual water trade is the Romapontation of wheat from Egypt (Allan,

2000).



The industrial revolution and the development aféascale intensive grain farming in

the American mid-west saw a massive increase irvohemes of water moved through

the different domains of the hydrological cycle. Asmparative advantages between
regions of the world became greater with higheelewf specialisation so did the trade in
virtual water increase. Areas which had previouystgduced their own staple foods

started focussing on other, higher value, actwii@d importing their food needs from
regions suited to grain production. Also duringstperiod areas of the American west
were settled, with water transfer schemes congtdutd supply water to cities such as
Los Angeles as well as to develop irrigated agtioelin the region.

During this time of the hydraulid
mission the emphasis was placed pn
moving water out of the natural The emerging water management enterprise of |the
domain using large-scale engineeringuture can be described as a complex adaptiverayste
schemes. Water was stored in e etn complexity science, natural adaptive systems

i I dt ted luctuate among three states, namely a static,state
greater volumes and transported OVeLya4tic state and a zone of creativity in-between,

ever greater distances. In vari_o Scalled the edge of chaos. Computer models show [that
parts of the world the negativé complex adaptive systems often evolve themselvep to
environmental consequences of su fihe edge of chaos state, where the emergent resgons

large-scale water transfers start dS most creative. From this state the emergentrofde

, will be richer, more creative and adaptable if ¢hisra
making themselves felt. diversity of agents in the system; agents withedéht
characteristics and different behaviour.

Water can be stored and moved usipg

engineering skills, but it mus Depending on the prevailing environment, so todl, w
eventually always revert to th an institution fluctuate among the three states| A

natural domain of the hvdrologi Icommand—and—control style of management tendg to
atural do 0 e _y 0 C_)g c keep organisations close to the static state, lseca\
cycle. The water moved is subject {ominimises interactions among its components. This,

the sub-cycles of infiltration,| turn, impedes the emergence of creativity from éesad
evaporation & runoff. The long term as well as operatior_mal people. This managemeng styl
pattern has been for demand for wa ey\nll clearly not suffice in times of transformatiain
. . change (Lewin and Regine, 1999).
to continually outstrip supply, as th
portion of the newly engineered water
reverting to the natural domain of the hydrologicatle stays the same. The institutional
response to this in many parts of the world overghst two decades has been to utilise
water more effectively once in the institutionalhtiin — incorporating increasing levels
of complexity (see textbox alongside). Instead ihg social resources to construct ever
greater water transfer schemes the trend has bessvote social resources to reduce the
quantities of water transferred back into the ratwomain through infiltration,
evaporation and runoff. Productive efficiency measusuch as waste water treatment,
efficient irrigation systems, lowering evapo-traimgpon losses by growing plants in
PVC tunnels and covered or underground storagevasg all aim to maximise the
amount of water kept in the institutional domaiBut there are limits to what can be
gained by productive efficiency measures alone.dfoeconomy to continue to develop
it is necessary to increase the level of compleixitthe institutional domain. Allocative
efficiency measures, frequently driven by chargimgrket related prices for water, shift
water supplies to the most productive use. The ar@sm for achieving this shift is the

Parallels in complexity science




freeing up of vast quantities of local water sugpliboth natural as well as engineered, by
importing virtual water. Although not directly ceiftuting to water supplies in the way
that engineered water does virtual water is a pfuvéool in preventing water from
leaving the institutional domain into the naturahwin.

A good example of the potential effect of virtuahter imports on local water supplies
can be found in southern Africa. Among the contines SADC states there is a large
variation in water resources available. Generdily $outhernmost states such as South
Africa, Botswana and Namibia are much drier thandtates to the north — Angola, DRC
and Zambia. For this reason there has been meatiptans in South Africa to one day
tap the waters of the Zambezi and, eventually,Gbago rivers via a series of water
transfer schemes. Although no formal plans or bestefit analyses have been carried out
it is possible to estimate operational and caitgdenses extrapolated from the Lesotho
Highlands Water Project (LHWP) between Lesotho &odth Africa. Based on these
figures the cost of importing (transferring) sevaillion km3/y would be about US$
1,500 annually. This represents a low estimateh@ad HWP is gravity-fed so does not
have high O&M costs. Water from both the Congo a#l as the Zambezi would have to
be pumped over a kilometre in altitude to reachtlsobfrica. Whereas, if the dry
countries of the region import 50 percent of thgriain requirements (compared to the
present average of 20 percent reliance on impatte)ould free up about 7 km3/y at a
cost of US$ 840 million (based on a CIF price ofi#/tonne). This 7 km3 saved
annually can be used in more productive sectothefconomy forestalling the need to
embark on engineering solutions and keeping a @regantity of water within the
institutional domain and allowing less to be “logt"the natural domain.

Conclusion

For a shift towards a greater reliance on the tratiger than the engineering domain of
the hydrological cycle to take place there has & dontinued evolution of the
institutional domain. Where the hydraulic missidrage was highly planned, centralised
and controlled the “reflexive phase” will be incsealy chaotic, unplanned and market
driven. Local water management groups would be ipoaition to make informed
decisions based on the resources and requiremértteio basins. In most instances,
specifically in arid developing countries, it wile financially more viable to rely on the
trade domain of the cycle. As users would be ctthegmarket related price for the water
they receive it will quickly become apparent whigptions make sense in terms of
overall costs and benefits.

Individuals, who under the hydraulic mission halhtreely little control over how water
resources are managed, are able to exert a faerhlghel of control over the trade
domain of the cycle. Engineering schemes to trangéger from one basin to another
typically require huge amounts of funding and cdry® bought in discrete “packages”.
The whole scheme has to be completed for the watbow. Virtual water on the other
hand can be bought in small quantities — in accuaéawith the ability of the basin
population to pay for imports. In future work orethydrological cycle there should be an
effort to incorporate the costs and benefits ofwhAgous domains involved. This would



provide water managers a clearer indication ofvreous options open to them, allowing
them to tailor-make solutions to the region in whikey are operating.
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